f^3 


JOURNAL 


THE   CHEMICAL   SOCIETY. 


TRANSACTIONS. 


dommiiitt  of  pttlilitation : 


H.  E.  Armstrong,  Ph.D.,  F.R.S. 
.T.  Dewar,  LL.D.,  F.R.S. 
Wyndham  R.  Ddnstan,  M.A.,  F.R.S. 
A.  Vernon  Harcourt,  M.A.,  F.R.S. 
C.  T.  Heycock,  M.A.,  F.R.S. 
R.  Meldola,  F.R.S. 


H.  FORSTER  MORLEY,  M.A.,  D.Sc. 
W.  Ramsay,  Ph.D.,  F.R.S. 
A.  Scott,  M.A.,  D.Sc,  F.R.S. 
T.  E.  Thorpe,  LL.D.,  F.R.S. 
W.  A.  TiLDEN,  D.Sc.  F.R.S. 
W.  P.  Wynne,  D.Sc,  F.R.S. 


fbitffr : 
C.  E.  Groves,  F.R.S. 

Sab-fiiritor: 
A.  J.  Greenaway. 


1898.     Vol.  LXXIII. 


LONDON: 
GURNEY    &    JACKSON,    1,    PATEKNOSTER   ROW. 

1898. 


UiCHAiiD  Clay  and  Sons,  Limited, 

LONDON   AND   BUNQAT.   • 

0.1) 


CONTENTS. 


PAPERS  READ  BEFORE  THE  CHEMICAL  SOCIETY. 

PAG6 

I, — Decomposition  of  Camphoric  Acid  by  Fusion  with  Potash 
or  Soda.  By  Arthur  William  Crossley  and  William 
Henry  Perkin,  jun. 1 

II. — Experiments  on  the  Synthesis  of  Camphoric  Acid.     Part  I. 

By  William  Henry  Bentley  and  William  Henry  Perkin,  jun.    45 

III. — Synthesis  of  an  Isomeride  of  Camphoronic  Acid.  By  Samuel 

B.  SCHRYVER,  Ph.D 68 

IV. — Properties  and  Relationships  of  Dihydroxy tartaric  Acid. 

Part  I.     By  Henry  J.  Horstman  Fenton,  M.A.  ...       71 

V. — Stereochemistry  of  Unsaturated  Carbon  Compounds.  Part  I. 
Etherification  of  Substituted  Acrylic  Acids.  By  John  J. 
SuDBo ROUGH  and  Lorenzo  L.  Lloyd        .  .        ,        .81 

Kekule  Memorial  Lecture.     By  Francis  R.  Japp,  F.R.S.     .        .       97 

VI. — Compounds  of  Piperidine  with  Phenols.     By  Otto  Rosen- 
heim, Ph.D.,  and  Philip  Schidrowitz,  Ph.D.         .        .        .139 
Note  on  the  Physiological  Action  of  Guaiacolate  of  Piper- 
idine.    By  F.  W.  Tunnicliffe,  M.D.,  M.R.C.P.    .        .        .145 

VII. — Action  of    Chloroform   and  Alkaline  Hydroxides   on  the 

Nitrobenzoic  Acids.     By  Walter  J.  Elliott,  M.A.     .        .145 

VIII. — New    Method    of    Preparing    Pure    Iodine.     By  Bevan 

Lean,  B.Sc,  B.A.,  and  W.  H.  Whatmough     ....     148 

IX. — Action  of  Alkalis  on  Amides.  By  Julius  B.  Cohen,  Ph.D., 
and  Charles  Edward  Brittain,  B.Sc,  The  Yorkshire 
College 157 

X. — Formation  of  Monomethylaniline  from  Dimethylaniline.  By 
Julius  B.  Cohen,  Ph.D.,  and  Harry  T.  Calvert,  B.Sc, 
The  Yorkshire  College 163 

XI. — Volumetric  Estimation  of  Sodium.  By  Henry  J.  Horst- 
man Fenton,  M.A 167 

XII. — Derivatives  of  Bromotolylhydrazine, 

C6H3Br(CH3)(N2H3)  [1:3:6.] 
By  J.  T.  Hewitt,  M.A.,  D.Sc,  Ph.D.,  and  F.  G.  Pope  .        .    174 

XIII. — Effect  of  the  Mono-,  Di-,  and  Tri-chloracetyl  Groups  on 
the  Rotatory  Power  of  Methylic  and  Ethylic  Gly cerates 
and  Tartrates.  By  Percy  Frankland,  F.R.S.,  and  Thomas 
Stewart  Patterson,  Ph.D.,  late  Priestley  Scholar  in  Mason 

College,  Birmingham .181 

A  2 


IV  CONTENTS. 

PAGE 

XIV. — Rotation  of  Ethylic  and  Methylic  Di-monochloracetyltar- 
trates.  By  Percy  Frankland,  F.R.S.,  and  Andrew  Turn- 
bull,  Ph.D ....    203 

XV. — A  Chemical  Investigation  of  the  Constituents  of  Indian 
and  American  Podophyllum  [Podophyllum  eniodi  and 
Podophyllum  peltatum).  By  Wyndham  R.  Dunstan, 
F.R.S.,  and  Thomas  Anderson  Henry,  Salters'  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute  .  .  209 
XVI. — The  Volatile  Constituents  of  the  Wood  of  Goujna  tomen- 
tosa.  By  Wyndham  R.  Dunstan,  F.R.S.,  and  Thomas 
Anderson  Henry.  Salters'  Research  Fellow  in  the  Labora- 
tories of  the  Imperial  Institute 226 

XVII. — Pi'oduction    of    some   Nitro-    and  Amido-oxylutidines. 
Part  I.     By  Prof.  J.  N.  Collie,  Ph.D.,  F.R.S.,  and  Thomas 
Tickle,  Salters'  Company's  Research  Fellow  in  the  Research 
Laboratory  of  the  Pharmaceutical  Society  of  Great  Britain  .     229 
XVIII. — Production   of    some   Nitro-   and   Amido  oxylutidines. 
Part  II.   By  Miss  L.  Hall  (University  College,  London),  and 
J.  Norman  Collie,  Ph.D.,  F.R.S.  (Professor  of  Chemistry  at 
the  Pharmaceutical  Society  of  Great  Britain,  London)  .        .     235 
XIX. — Note  on   the  Action  of   Bromine  on   Benzene.      By   J. 
Norman  Collie,  Ph.D.,  F.R.S. ,  and  Colin  C.  Frye,  Pharma- 
ceutical Society  of  Great  Britain,  Bloomsbury  Square   .         .     241 
XX. — Benzene  Hexabromide.     By  Francis  Edward  Matthews, 

Ph.D 243 

XXI. — Observations  on  the  Influence  of  the  Silent  Discharge  on 
Atmospheric  Air.     By  William  Ashwell  Shenstone  and 

William  T.  Evans 246 

XXII. — Preparation  and  Properties  of  Orthochlorobromobenzene. 
By  James  J.  Dobbie,   M.A.,   D.Sc,  and  Fred.   Marsden, 

M.Sc,  Ph.D 254 

XXIII. — Preparation  of  Dry  Hydrogen  Cyanide  and  Carbon 
Monoxide.      By    John    Wade,    B.Sc,    and    Laurence    C. 

Panting,  M.B.,  B.Ch 255 

XXIV. — Manganic  Salts.     By  Charles  E.mmanuel  Rice,  B.A.    .     258 
XXV. — Chemical     Properties    of    Concentrated     Solutions     of 
certain  Salts.     Part  I.     Double  Potassium  Carbonates.     By 

William  Colebrook  Reynolds,  A.R.C.S 262 

XXVL— The  Colouring  Matters  of  the  Indian  Dye  Stuff 
Asbarg,   Delphinium  zalil.      By   Arthur  George  Perkin, 

F.R.S. E.,  and  Julius  Aldred  Pilgrim 267 

XXVII. — Researches  on  the  Terpenes.  II.  On  the  Oxidation 
of    Fenchene.     By   John   Addyman    Gardner,    M.A.,  and 

George  Bertram  Cockburn,  B.A 275 

XXVIII. — Formation  of  Ethylic  Dihydroxydinicotinate  from 
Ethylic  Cyanacetate.  By  Siegfried  Ruhemann,  Ph.D., 
M.A.,  and  K.  C.  Browning,  B.A 280 


CONTENTS.  V 

PAGE 

XXIX.— The  Action  of  Alkyl  Iodides  on  Silver  Malate  and  on 
Silver  Lactate.  By  Thomas  Purdie,  F.R.S.,  and  G.  Druce 
Lander,  B.Sc 287 

XXX. — The  Optical  Rotations  of  Methylic  and  Ethylic  Tartrates. 
By  (the  late)  James  Wyllie  Rodger  and  J.  S.  Strafford 
Brame 301 

XXXI. — Position-Isomerism  and  Optical  Activity  :  the  Com- 
parative Rotatory  Powers  of  Diethylic  Mono-benzoyltartrate 
and  Mono-toluyltartrate.  By  Percy  Frankland,  F.R.S., 
and  J.  McCrae,  Ph.D.,  late  Priestley  Scholar  in  Mason 
University  College,  Birmingham 307 

XXXII. — Cis-  and  ^?-ans-Tetramethylene-(l  :  3)-dicarboxylic 
Acids  and  the  Condensation  of  Formaldehyde  with  Ethylic 
Malonate.     By  E.  Haworth  and  W.  H.  Perkin,  junr.        .     330 

XXXIII. — Action  of  Ferric  Chloride  on  Ethereal  Salts  of 
Ketone  Acids.  By  Robert  Selby  Morrell,  M.A.,  Ph.D., 
and  James  Murray  Crofts,  B.A.,  B.Sc.  .        .        .        .    345 

XXXIV. — Formation  of  aa'-Dihydroxypyridine.     By  Siegfried 

Ruhemann,  Ph.D.,  M.A 350 

XXXV. — The  Preparation  and  Properties  of  Formaldoxime.  By 
Wyndham  R.  Dunstan,  M.A.,  F.R.S.,  and  Arnold  L. 
Bossi,  Ph.D 353 

XXXVI. — Action  of  Ammonia  and  Substituted  Ammonias  on 
Acetylurethane.  By  George  Young,  Ph.D.,  and  Ernest 
Clark 361 

XXXVII. — Formation  of  Oxytriazoles  from  Semicarbazides.  By 
George  Young,  Ph.D.,  and  Benjamin  Mitchell  Stockwell, 
B.Sc 368 

XXXVIII. — Yellow  Colouring  Principles  contained  in  various 
Tannin  Matters.  Part  V.  Pistacia  lentiscus,  P.  terehin- 
thus,  Tamaris  africana,  T.  gallica,  Ailanthus  glandulosa, 
Ficus  carica.  By  Arthur  George  Perkin,  F.R.S.E.,  and 
Percival  John  Wood 374 

XXXIX. — Isomeric  Boi"nylamines.   By  Martin  Onslow  Forster, 

Ph.D.,  B.Sc 386 

XL. — The  Condensation  of  Chloral  Hydrate  and  Orcinol.  By 
John  Theodore  Hewitt,  M.A.,  D.Sc,  Ph.D.,  and  Frank 
Dixon,  B.Sc 397 

XLI. — Sulphonation  of  Benzophenone  and  of  Diphenylmethane. 

By  Arthur  Lapworth,  D.Sc 402 

XLII. — Redaction  of  Bromic  Acid  and  the  Law  of  Mass  Action. 
By  Winifred  Judson,  B.Sc,  and  James  Wallace  Walker, 
M.A.,  Ph.D 410 

XLIII. — The  Drying  of  Ammonia  and  Hydrogen  Chloride.     By 

H.  Brereton  Baker,  M.A 422 


VI  CONTENTS. 

PAGE 

XLIV. — Some    Derivatives     of     Benzophenone.      By     Fkancis 

Edward  Matthews,  Ph.D. 426 

XLV. — The  Chlorine  Derivatives  of  Pyridine.  Part  I.  By 
William  James  Sell,  M.A.,^.I.C.,  and  Frederick  William 
DooTsoN,  M.A 432 

XLVI. — Note  on  the  Action  of  Chlorine  on  Pyridine.  By 
William  James  Sell,  M.A.,  F.I.C.,  and  Frederick  William 
DooTsoN,  M.A 442 

XLYII. — A  Possible  Basis  of  Generalisation  of  Intramolecular 

Changes  in  Organic  Compounds.   By  Arthur  Lapworth,D.  So.     445 

XLVIII.— The  Carbohydrates  of  Barley  Straw.    By  C.  F.  Cross, 

E.  J.  Bevan,  and  Claude  Smith 459 

XLTX. — Reactions  of  the  Carbohydrates  with  Hydrogen  Per- 
oxide.    By  C.  F.  Cross,  E.  J.  Bevan,  and  Claude  Smith      .    463 

L. — Properties  and  Relationships  of  Dihydroxytartaric  Acid. 
Part  II.  Salts  of  the  Acids.  By  Henry  J.  Horstman 
Fenton,  M.A 472 

LI. — Affinity  Constants  of  Dihydroxymaleic,  Dihydroxyfumaric, 

Dihydi'oxytartaric,  and Tartronic  Acids.  By  S.  Skinner,  M.A.     483 
LII. — Hydrolysis  of  Starch  by  Acids.     By  Harold  Johnson       .     490 
LIII. — Determination  of   Molecular  Weights. — Modification  of 
Landsberger's  Boiling  Point  Method.     By  James  Walker 
and  John  S.  Lumsden 502 

LIV. — Rate  of  Escape  of  Ammonia  from  Aqueous  Solution.    By 

Edgar  Philip  Perman,  D.Sc 511 

LV. — Note  on  the  Liquefaction  of  Hydrogen  and  Helium.      By 

James  Dewar,  M.A.,  F.R.S 528 

LYI. — Action  of  Formaldehyde   on  Amines  of  the  Naphthalene 

Series.     Part  I.     By  Gilbert  T.  Morgan,  B.Sc.     .        .        .     536 

LVII. — Action  of  Hydrogen  Bromide  in  Presence  of  Ether  on 
Carbohydrates  and  certain  Organic  Acids.  By  Henry  J. 
Horstman  Fenton,  M.A.,  and  Miss  Mildred  Gostling, 
B.Sc,  Lond. 554 

LVIII. — Researches  on  Camphoric  Acid.     By  Samuel  Baenett 

SCHRYVER 559 

LIX. — Studies  of  the  Terpenes  and  Allied  Compounds.  Stereo- 
isomeric  Derivatives  of  Camphor.  By  T.  Martin  Lowry, 
B.Sc 569 

LX. — Production  of  some  Chloropyridinecarboxylic  Acids.  By 
J.  Norman  Collie,  Ph.D.,  F.il.8.,  and  W.  Lean,  Redwood 
Research  Scholar  in  the  Research  Laboratory  of  the 
Pharmaceutical  Society  of  Great  Britain         ....     588 

LXI. — Molecular  Weights  of  Permanganates,  Perchlorates,  and 
Periodates  in  Solution.  By  J.  Murray  Crofts,  B.A.,  B.Sc, 
Research  Student  of  Emmanuel  College  ....     593 


CONTENTS.  Vll 

PAGE 

LXII. — The    Ultraviolet  Absorption    Spectra  of    some    Closed 
■    Chain  Carbon  Compounds.     By  W.   N.   Hartley,  F.R.S., 

and  J.  J.  DoBBiE,  M.A.,  D.Sc 598 

LXIII. — Enantiomorphism.     By    Frederic    Stanley    Kipping 

and  William  Jackson  Pope 606 

LXI v.— Solubility  of  Isomeric  Substances.     By  James  Walker 

and  John  K.  Wood 618 

LXV. — Constitution  of  Oleic  Acid  and  its  Derivatives.     Part  I. 

By  Frank  George  Edmed,B.Sc.,  A. R.C.S 627 

LXVI. — Reversible      Zymohydrolysis.        By     Arthur     Croft 

Hill,B.A 634 

LXYII. — Preparation  of    a  Standard  Acid  Solution  by  direct 

absorption  of  Hydrogen  Chloride.     By  G.  T.  Moody  .     658 

LX  VIII. — Constituents  of  the  Indian  Dyestuff  Waras,  Flemingia 

congesta.     By  Arthur  George  Perkin,  F.K.S.E.    .        .        .    659 

LXIX. — Azobenzene  Derivatives  of  some  Natural  Yellow 
Colouring  Matters  :  Apigenin,  Chrysin,  Morin,  Euxanthone, 
and  Gentisin.     By  Arthur  George  Perkin,  F.R.S.E.         .      665 

LXX. — The  Vapour  Presures,  Specific  Volumes,  and  Critical 
Constants  of  Normal  Heptane.  By  Sydney  Young,  D.Sc, 
F.R.S.,  University  College,  Bristol 675 

LXXI. — Contributions  to  the  Chemistry  of  Phenol  Derivatives. 
By  Raphael  Meldola,  F.R.S.,  and  Frederick  Henry 
Streatfeild 681 

LXXII. — Some  lodoso-compounds.     By  John  McCrae,  Ph.D.      .    691 
LXXI II. — Notes  on  the  Absorption  Bands  in  the  Spectrum   of 
Benzene.     By  W.  N.  Hartley,  F.R.S.,  and  J.  J.  Dobbie, 
M.A.,D.Sc 695 

LXXIV. — On    Myrticolorin,    the    Yellow     Dye     Material    of 

Eucalyptus  Leaves.     By  Henry  G.  Smith      ....    697 

LXXV. — Chemical  Properties  of  Concentrated  Solutions  of 
Certain  Salts.  Part  II.  Double  Potassium  Succinates.  By 
William  Colebrook  Reynolds,  A. R.C.S 701 

LXXVI. — Researches  on  the  Terpenes,  III.  Halogen  Deriva- 
tives of  Fenchone  and  their  Reactions.  By  John  Addyman 
Gardner,  M.A.,  and  George  Bertram  Cockburn,  B.A.       .     704 

LXXVII. — Researches  on  the  Terpenes,  IV.  On  the  Oxidation 
of  Fenchone.  By  John  Addyman  Gardner,  M.A.,  and 
George  Bertram  Cockburn,  B.A, 708 

LXXVIII. — ^Riintgen  Ray  Photography  applied  to  Alloys.     By 

Charles  Thomas  Heycock  and  Francis  Henry  Neville     .      714 

LXXIX. — Additive  Compounds  of  Organic  Bases  and  Ethereal 
Salts  of  Unsaturated  Acids.  By  S.  Ruhemann,  Ph.D., 
M.A.,  and  K.  C.  Browning 723 


vm  CONTENTS. 

PAGE 

LXXX. — Formation  of   Ethereal  Salts  of  yS-Ketonic  Acids.     By 

S.  RuHEMANN,  Ph.D.,  M.A.,  and  K.  0.  Bkowning,  B.A.        .     727 

LXXXI. — Disulphonic  Acids  of  Toluene,  of  Ortho-  and  Para- 
toluidine,  and  of  Ortho- and  Para-chlorotoluene.  By  W. 
Palmer  Wynne,  D.Sc,  F.R.S.,  and  James  Bkuce,  B.Sc.        .     730 

LXXXII. — rhe  Chlorine  Derivatives  of  Pyridine.  Part  11. 
Interaction  of  Ammonia  and  Pentachloropyridine.  Con- 
stitution of  Glutazine.  By  W.  T.  Sell,  M.A.,  F.I.C.,  and 
F.  W.  DooTsoN,  M.A 777 

LXXXIll. — ^Mercury  Acetamide.     By  Martin  Onslow  Forster, 

Ph.D.,  B.Sc 783 

LXXXIV. — Sulphocamphylic  Acid  and  Isolauronolic  Acid,  with 
Remarks  on  the  Constitution  of  Camphor  and  of  some  of  its 
Derivatives.     By  W.  H.  Perkin,  jun 796 

LXXXV. — Researches  on  the  Terpenes.  Vlll.  On  Carvenol  : 
its  Reactions  and  Products.  By  J.  E.  Marsh  and 
A.  Hartridge  .........     852 

LXXXVI. — Optically   Active    Alkyloxypropiouic    Acids.      By 

Thomas  Purdie,  F.R.S.,  and  G.  Druce  Lander,  B.Sc.  .     862 

LXXX VII. — Optical  Activity  of    Gallotannic   Acid.     By  Otto 

Rosenheim,  Ph.D.,  and  Philip  Schidrowitz,  Ph.D.    .         .     878 

LXXXVIIL— The  Influences  Modifying  the  Specific  Rotatory 
Power  of  Gallotannic  Acid.  By  Otto  Rosenheim,  Ph.D., 
and  Philip  Schidrowitz,  Ph.D. 885 

LXXXIX. — The  Resolution  of  Tetrahydropapaverine  into  its 
Optically  Active  Components.  Constitution  of  Papaverine. 
By  William  Jackson  Pope  and  Stanley  John  Peachey      .     893 

XC. — The  non-Resolution  of  Racemic  Tetrahydropapaverine 
by  Tartaric  Acid.  By  William  Jackson  Pope  and  Stanley 
John  Peachey 902 

XCI. — Composition  of  American  Petroleum.  By  Sydney  Young, 

D.Sc,  F.R.S 905 

XCI  I. — Separation  of  Normal  and  Iso-heptane  from  American 
Petx-oleum.  By  Francis  E.  Francis,  B.Sc,  Ph.D.,  and 
Sydney  Young,  D.Sc,  F.R.S 920 

XCIII. — Specific  Gravities  and  Boiling  Points  of  Mixtures  of 
Benzene  and  Normal  Hexane.  By  D.  Hamilton  Jackson, 
M.A.,  B.Sc,  Ph.D.,  and  Sydney  Young,  D.Sc,  F.R.S.  .     922 

XCIV. — Action  of  Fuming  Nitric  Acid  on  the  Parafiins  and 
other  Hydrocarbons.  By  Francis  E.  Francis,  B.Sc,  Ph.D., 
and  Sydney  Young,  D.Sc,  F.R.S 928 

XC V. — Hexamethylene  from  American  and  Galician  Petroleum. 

By  Emily  C.  Fortey,  B.Sc 932 

XCVI. — A   Composite  Sodium   Chlorate  Crystal    in  which  the 

Twin  Law  is  not  followed.     By  William  Jackson  Pope     .     949 


CONTENTS.  IX 


XCVH. — Contributions  to  the  Chemistry  of  Thorium  ;  Com- 
parative Research  on  the  Oxalates  of  the  Rare  Earth.  By 
BoHUSLAV  BRA.UNER,  Ph.D.,  Professor  of  Chemistry  in  the 
Bohemian  University,  late  Berkeley  Fellow  of  Owens  College     951 

XCV'IIl. — Studies  of  the  Teiueues  and  Allied  Compounds. 
Nitrocamphor  and  its  Derivatives.  I.  Stereoisomeric 
Chloro-  and  Bromo-nitrocamphors.  II.  Pseudo-nitro- 
camphor.  III.  Camphoryloxime  (Camphonitrophenol).  By 
T.  Martin  Lowry,  B.Sc 986 

XCIX — Formation  of  Ethereal  Salts  of  Polycarboxylic  Acids. 
By  S.  RuHEMANN,  Ph.D.,  M.A.,  and  A.  V.  Cunnington, 
B.A.,  Scholar  of  Christ's  College 1006 

C. — Yellow  Colouring  Principles  contained  in  various  Tannin 
Matters.  Part  VI.  Rhus  Cotinus  and  Rhus  Rhodanthema. 
By  A.  G.  Perkin,  F.R.S.E 1016 

CI. — Colouring  Matters  of  the  New  Zealand  Dyewood  Puriri, 

Vitex  littoralis.     Parti.     By  A.  G.  Perkin,  F.R.S.E.  .1019 

CIL— Derivatives  of  Hesperitin.     By  A.  G.  Perkin,  F.R.S.E.  .   1031 

Anniversary  Meeting  ........  1039 

Obituaries 1047 


JOURNAL 


OP 


THE  CHEMICAL  SOCIETY, 


TRANSACTIONS. 


I. — Decomposition  of  Camphoi'ic  Acid  hy  Fusion  tvith 
Potash  or  Soda. 

By  Arthur  William  Crossley  and  William  Henry  Perkin,  junr. 

In  experimenting  on  the  constitution  of  camphoric  acid,  one  of  the 
most  characteristic  properties  which  at  once  presents  itself  is  the 
great  stability  of  the  acid,  a  property  which  makes  it  very  difficult  to 
attack  by  reagents  and  thus  resolve  it  into  smaller  molecules. 

It  occurred  to  us,  at  an  early  stage  in  our  experiments,  that  this 
difficulty  might  possibly  be  got  over  by  the  introduction  of  hydroxy- 
groups,  as  it  seemed  probable  that  a  hydroxycamphoric  acid  would  be 
more  readily  attacked  than  camphoric  acid  itself. 

Some  experiments  which  support  this  view  have  already  been  pub- 
lished by  Rudzinski-Rudno  (Inaugural  Dissertation  Wurzburg,  1879), 
who  succeeded  in  oxidising  hydroxycamphoric  acid  (camphanic  acid) 
by  means  of  potassium  dichromate  and  sulphuric  acid,  the  product 
being  an  acid  to  which  he  assigned  the  composition  C^^H^qO^,  but 
this,  as  was  afterwards  shown  by  Bredt  (Annalen,  145,  212),  was  in 
reality  camphoronic  acid.  There  can  be  no  doubt  that,  under 
these  conditions,  camphanic  acid  is  much  more  readily  oxidised  than 
camphoric  acid. 

Besides  camphanic  acid  there  has  been  another  hydroxycamphoric 
acid  described,  namely,  the  so-called  a-hydroxycamphoric  acid,  which 
Hlasiwetz  and  Grabowski  (Annalen,  1868,  145,  212)  claim  to  have 
obtained  by  fusing  camphoric  acid  with  potash.  It  seemed  probable 
to  us  that  this  acid,  which  is  described  as  a  thick  syrup,  and  has 
therefore  properties  quite  different  from  those  of  the  beautifully 
crystalline  camphanic  acid,  might  yield  important  clues  to  the  con- 

VOL.    LXXIII.  B 


2        CROSSLEY  AND   PERKIN  :   DECOMPOSITION   OF   CAMPHORIC 

stitution  of  camphoric  acid  if  its  behaviour  towards  reagents,  and 
more  especially  to  oxidising  agents,  was  carefully  studied  and  the 
results  compared  with  those  obtained  with  the  isomeric  camphanic 
acid.  We  therefore  decided  to  prepare  and  examine  this  acid,  and 
with  this  object  carefully  repeated  the  experiments  of  Hlasiwetz 
and  Grabowski,  without,  however,  being  able  to  isolate  even  traces  of 
an  acid  of  the  composition  of  a  hydroxycamphoric  acid. 

Hlasiwetz  and  Grabowski  fused  15  grams  of  camphoric  acid  with 
45  grams  of  potash  in  a  silver  dish,  acidified  and  extracted  the  product 
with  ether  ;  the  residue,  after  distilling  off  the  ether,  was  then  distilled 
in  steam  to  drive  over  the  volatile  fatty  acids  present.  The  distillate 
(which  we  now  know  to  contain  at  least  10  different  acids),  was 
neutralised  with  ammonia,  and  the  silver  salt  prepared  and  crystallised 
from  water  ;  on  analysing  this  silver  salt,  numbers  were  obtained  which 
led  these  chemists  to  the  conclusion  that  the  silver  salt  was  silver 
butyrate  or  a  mixture  of  this  salt  with  silver  isovalerate. 

The  acids  which  were  not  volatile  with  steam  were  dissolved  in 
ammonia,  the  solution  boiled  with  calcium  chloride,  and  the  insoluble 
precipitate,  which  consisted  of  calcium  pimelate,*  removed  by  filtration  ; 
the  filtrate  from  this  salt  was  decomposed  by  dilute  sulphuric  acid, 
filtered  from  calcium  sulphate,  the  filtrate  decolorised  with  animal  char- 
coal, and  extracted  with  ether.  On  distilling  off  the  ether,  a  syriip  was 
left  which  was  dissolved  in  water  and  precipitated  by  lead  acetate  ;  the 
caseous  lead  salt  was  then  decomposed  with  hydrogen  sulphide,  and  the 
syrupy  mass  obtained  gave,  on  analysis,  numbers  which,  as  these  authors 
state,  did  not  agree  very  well  together,  but  nevertheless  pointed  to  the 
formula  Cj^jH^qO^,  that  of  a  hydi-oxycamphoric  acid.  This  acid  was 
not  altex'ed  by  fusion  with  potash,  but  on  distillation  it  gave  a  small 
quantity  of  camphoric  acid,  and  we  have  no  doubt  that  it  was  a 
mixture  of  several  substances. 

Dux'ing  the  course  of  numerous  preliminary  experiments  on  the 
fusion  of  camphoric  acid  with  potash,  we  found  that  the  decomposition 
was  much  more  complex  than  Hlasiwetz  and  Grabowski  supposed,  and 
as  there  was  every  prospect  that  the  careful  and  systematic  examina- 
tion of  the  substances  formed  might  give  some  clue  to  the  constitution 
of  camphoric  acid,  we  decided  to  devote  our  attention  to  the  study  of 
this  reaction. 

Our  first  experiments  were  made  with  the  quantities  and  under  the 
conditions  recommended  by  Hlasiwetz  and  Grabowski,  but  subsequently 
we  found  that  the  same  results  were  obtained  whether  we  fused  25,  50, 
or  100  grams  of  camphoric  acid  in  one  operation,  and  after  having 
fused  in  this  way  about  2  kilos,  of  camphoric  acid,  we  devoted  some 

*  The  "pinielic  acid"  referred  to  repeatedly  in  this  research  is  always  isopropyl- 
succinic  acid,  CH(CH3)2-CH(COOH)'CHj-COOH. 
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months  to  the  investigation  of  the  pi^oducts  which  had  been  formed. 
However,  as  the  work  progressed,  and  we  gradually  became  thoroughly- 
aware  of  the  complicated  nature  of  the  mixture  of  substances  with 
which  we  had  to  deal,  it  was  at  once  evident  that  the  investigation 
could  not  be  satisfactorily  carried  out  unless  very  large  quantities  of 
material  were  employed. 

But  then  serious  difficulties  presented  themselves,  for  the  ordinaiy 
laboratory  apparatus  would  not  permit  of  sufficiently  large  quantities 
being  handled  conveniently  ;  ultimately,  however,  through  the  great 
kindness  of  Mr.  Ivan  Levinstein,  these  obstacles  were  overcome,  and 
we  were  enabled  to  fuse  as  much  as  500  grams  of  camphoric  acid  in 
one  operation.  Mr.  Levinstein  placed  a  large  room  in  his  works  at 
Crumpsall,  near  Manchester,  at  our  entire  disposal,  and  after  having 
consulted  with  us,  fitted  up  all  the  special  apparatus  which  was 
necessary  for  carrying  out  our  experiments  on  the  large  scale.  We 
beg  to  take  this  opportunity  of  thanking  Mr.  Levinstein  for  his  great 
kindness  and  liberality,  without  which  it  would  have  been  impossible 
to  have  carried  out  this  work,  and  we  also  thank  him  for  the  interest 
which  he  took  in  the  subsequent  progress  of  our  research. 

In  our  preliminary  investigations,  we  had  found  that  when  caustic 
soda  was  used  instead  of  caustic  potash,  the  nature  of  the  products  of 
decomposition  seemed  to  be  in  many  respects  different;  it  was  therefore 
thought  advisable  to  try  the  fusion  of  camphoric  acid  with  caustic 
soda  on  the  large  scale,  and  the  subsequent  results  show  that  this 
decision  was  thoroughly  warranted. 

I. — The  Substances  Formed  when  Camjjhoric  Acid  is  Fused  with  Potash. 

The  method  adopted  in  carrying  out  the  fusion  is  described  in 
detail  in  the  experimental  part  of  this  paper,  and  we  therefore  propose 
only  to  give  here  a  brief  account  of  the  way  the  melts  were  worked 
up  and  the  nature  of  the  products  obtained. 

The  melts  from  5  kilos,  of  camphoric  acid  were  dissolved  in  water, 
acidified,  and  distilled  with  steam  until  the  condensed  water  had  only 
the  faintest  acid  reaction  ;  the  distillate  was  neutralised,  evaporated 
down  to  a  small  bulk,  acidified,  and  extracted  with  ether,  when  about 
2 "3  kilos,  of  oily  fatty  acids  were  obtained. 

The  residue  in  the  still  was  filtered  from  the  potassium  sulphate 
which  crystallised  out  on  cooling,  neutralised  with  caustic  soda,  and 
evaporated,  when  the  concentrated  liquor,  on  standing,  deposited  a  large 
quantity  of  the  sulphates  of  sodium  and  potassium  mixed  with  a 
considerable  amount  of  organic  salts.  These  crystals  were  collected^ 
dissolved  in  water,  acidified,  and  extracted  with  ether,  and  in  this  way 
510  grams  of  a  pale  yellow  oil  (A)  was  obtained.     From  the  mother 
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liquor  from  the  crystals,  346  grams  of    a   dark   yellow   oil  (B)  was 
subsequently  extracted. 

The  2'3  kilos,  of  fatty  acids  were  submitted  to  most  careful  fractional 
distillation  in  specially  constructed  apparatus,  and  ultimately  the 
following  acids  were  isolated  and  identified,  not  only  by  the  boiling 
poiuts  and  analysis  of  the  acids  themselves  and  of  their  silver  salts, 
but  also  by  the  preparation  of  their  anilides,  and  in  some  cases  of  their 
paratoluidides. 


Name. 


Formula.  I  Boiling  point,  ^ 


Acetic  acid CHs'COOH 

Propionic  acid    '  CHs-CH^'COOH 

Isobutyric  acid  [  CH(CH3)2'COOH 

Isovaleric  acid  CH(CH3)2'CH3-COOH 


118° 
141 
154 
174 


Methylisopropylacetic  acid CH(CH3)2*CH(CH3)-COOH  190 

In  view  of  the  fact  that  it  is  now  generally  assumed  that  camphoric 
acid  contains  the  group  (C}I^).f)'C{GH ^)~ ,  it  is  interesting  to  note  the 
repeated  occurrence  of  the  isopropyl  group,  (CH3)oCH-,  in  the  above 
acids,  and  of  the  whole  group,  (OH3)2CH'CH(CH3)-,  in  the  last  acid  in 
the  table. 

The  acids  distilling  above  190°  were  very  difficult  to  work  with,  but 
by  converting  the  portion  boiling  at  206 — 212°  into  the  mixed  anilides, 
and  crystallising  these  from  light  petroleum,  a  very  sparingly  soluble, 
well  characterised  anilide  was  obtained  which  melted  at  105°,  and  on 
analysis  gave  numbers  agreeing  with  the  formula  CgHj.j'CO'NH'CjjH^. 
The  acid  obtained  by  the  hydrolysis  of  this  pure  anilide,  boiled  con- 
stantly at  209—210°,  and  had  the  composition  CgHjg-COOH,  but, 
apparently,  it  is  not  identical  with  any  of  the  acids  of  this  formula 
which  have  hitherto  been  investigated.  Without  having  any  definite 
proof  to  offer,  we  think  it  likely  that  this  acid  may  be  /3(3l3-dimet/ii/l- 
ethyl2)ropionic  acid,  CH.,'CH2'C(CH3)o*CH2*COOH,  and  we  are  en- 
deavouring to  prepare  this  acid  synthetically  with  the  view  of  deciding 
this  point. 

The  acids  boiling  above  220°  were  submitted  to  systematic,  repeated 
fractional  distillation,  using  small  columns  made  for  us  by  Geissler 
especially  for  this  purpose ;  by  this  means,  we  were  able  to  isolate  two 
acids  which  boiled  remarkably  constantly  at  230— 232°  and  240  —  242° 
respectively. 

The  acid  boiling  at  230 — 232°,  on  analysis,  gave  numbers  agreeing 

*  The  numbers  given  in  this  column  arc  tlie  true  boiling  points  of  the  acids  ; 
the  fractions  obtained  and  actually  examined  and  analysed  are  given  in  the  experi- 
mental part  of  this  ])aper. 
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well  with  the  formula  C-Hjr/COOH,  and  although  it  may  contain 
small  quantities  of  the  homologues  of  lower  and  higher  boiling  point,  we 
think  it  improbable,  and  are  also  disinclined  to  believe  that  it  consists 
of  isomeric  acids  of  the  above  formula.  This  acid,  on  oxidation  with 
permanganate,  yields,  besides  fatty  acids  of  low  boiling  point  (consisting 
apparently  of  acetic  and  propionic  acids),  succinic  acid  and  a-methylglu- 
taric  acid,  CH3-CH(COOH)-CH,-CH2-COOH,  and  we  have  suggested 
the  formula  (CH3)2CH-CH(CH3)- CHa'CHa-COOH  as  probably 
representing  its  constitution. 

The  acid  boiling  at  240 — 242°  is  a  very  interesting  compound, 
since  on  analysis  it  gives  numbers  agreeing  with  the  formula 
CsHj^'COOH,  and  this  is  confirmed  by  the  analysis  of  the  silver 
salt,  CgH^w-COOAg.  Such  an  acid  would  be  derived  from  camphoric 
acid  by  the  elimination  of  carbonic  anhydride,  and  splitting  of  the 
ring  by  the  addition  of  two  hydrogen  atoms. 

C^Hi4(COOH)2  +  H2  =  CgH^^-  COOH  +  CO2 

This  acid,  on  oxidation,  yields  an  acid  which,  from  its  propei^ties, 
is  evidently  a-methylglutaric  acid,  and  its  constitution,  therefore,  is 
in  all  probability  represented  by  the  formula 

CH(CH3)2-  CH^-  CH./  CHo-  CH(CH3)-  COOH  ; 
this  formula  could   easily  be   derived  from  camphoric   acid,   on   the 
assumption    that    it     has    the    constitution    represented    here,*     as 
follows  : 

I       \H-:"C00:H  /r^H  x  Atj  \cH,   ^  .,^ 


CHg-C-COOH  CH3-CH-C00H 

The  oily  acids  A  and  B  contained,  besides  large  quantities  of 
isopropylsuccinic  acid  (pimelic  acid), 

CH(CH3)2-  CH(COOH)-  CH2(C00H), 
a  very  interesting  dibasic  acid  of  the  composition  Cj^HigO^,  which 
crystallises  well,  melts  at  106°,  and  gives  a  silver  salt  of  the  composi- 
tion C8H^g(COOAg)2.  This  acid,  which  must  have  been  formed  by  the 
reduction  of  camphoric  acid  at  the  high  temperature  of  the  melt,  with 
consequent  splitting  of  the  ring 

we  have  named  dihydrocamphoric  acid.    It  differs  in  nearly  all  its  proper- 
ties from  camphoric  acid,  and  has  a  much  higher  dissociation  constant, 

*  This  formula  for  camphoric  acid  is  used  iu  this  paper  because,  from  results 
obtained  by  one  of  us  in  the  examination  of  sulphocamphylic  acid,  aud  which  are 
shortly  to  be  communicated  to  the  Society,  it  seems  the  most  probable. 
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the  value  found  by  Dr.  Ewan  (K  =  0"00415)  being  nearly  twice  as 
great  as  that  of  camphoric  acid  (K  =  0'0025),  and  almost  identical 
with  that  of  aaj-dimethyladipic  acid, 

COOH-CH(CH.,)-CH2-CH2- 0H(0H3)-C00H  (K  =  00042). 
When  ti'eated  with  acetic  anhydride,  this  acid  is  converted  into  a 
liquid  which,  from  the  analysis,  appears  to  be  the  anhydride,  and 
this,  when  heated,  is  decomposed  in  a  remarkable  manaer  into   car- 
bonic anhydride  and  a  ketone  of  the  formula  CgHjgO 

This  new  ketone,  which  we  have  called  dihydrocamj)hoketone,  is  a 
liquid  which  boils  at  180 — 181°,  and  has  a  most  penetrating  odour  of 
peppermint ;  it  is  well  characterised  by  forming  a  beautifully  crystal- 
line semicarbazone  which  melts  at  202 — 203°. 

It  is  readily  oxidised  by  boiling  with  dilute  nitric  acid,  with  forma- 
tion of  succinic  acid,  oxalic  acid,  and  an  acid,  CgH^^O^,  which  melts  at 
94°,  and  gives  an  anilic  acid  melting  at  159°.  These  properties 
indicate  that  this  acid  is  a/8/8-trimethylglutaric  acid, 

COOH-  CH(CH3)-C(CH3)2-  CHg-  COOH, 
which  Balbiano  {Berichte,  1895,  28,  1507)  obtained  from   camphoric 
acid,  and  which,  he  states,  melts  at  94 — 95°  and  gives  an  anilic  acid 
melting  at  159°. 

Starting  from  the  constitution  of  camphoric  acid  which  was  suggested 
on  p.  5,  namely, 

I       \CH-COOH 
(CH3)2C      yQU, 

\/- 
CH3-C-C00H 

there  seems  to  be  only  one  formula  which  satisfactorily  explains  the 
reactions  of  dihydrocamphoric  acid,  and  that  is 

COOII-  CH(CH3)-C(CH3)2-  CH^-  CH(0H3)-C00H, 
a  formula  obtained  by  adding  on  two  atoms  of  hydrogen  at  the  point 
marked  i  in  the  formula  for  camphoric  acid  given  above  ;  this  represents 
the  substance  as  aa,/3/3-tetramethyladipic  acid,  and  experiments  are 
now  being  carried  out  with  the  object  of  preparing  this  acid  syn- 
thetically, and  comparing  its  properties  with  those  of  dihydrocamphoric 
acid. 

It  has  already  been  stated  that  the  constant  for  the  electrical  con- 
ductivity of  this  acid  (K  =  0*00415)  agrees  very  closely  with  that  of 
aaj-dimethyladipic  acid  (K  =  0-0042),  and  this  fact,  taken  in  conjunction 
with  the  great  readiness  with  which  the  acid  loses  carbonic  anhydride 
with  formation  of  the  cyclic  ketone,  dihjjdrocamjyhoketone  (compare 
especially  J.  Bredt  and  M.  v.  Rosenberg,  Annalen,  1896,  289,  1 — 14, 
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and  J.  Wislicenus,  ihid.ASd'd,  275,  309), seems  to  us  to  show  conclusively 
that  the  acid  is  a  derivative  of  adipic  acid. 

The  formation  of  dihydrocamphoketone  would  then  be  expressed  thus 

CH.-CH-CHg  CH,— CH-CH.^ 

(CH3),C       COOH  -    (CH^C    \C0  +    CO^   +    ll.,0, 

CHg-CH-  COOH  OHg-CH^ 

Dihydrocamphoric  acid.  Dihydrocamphoketoue. 

and  this  view  of  the  constitution  of  dihydrocamphoketone  is  a  very 
probable  one,  since  the  formula  readily  explains  the  formation  of 
a/3y8-trimethylglutaric  acid  by  the  oxidation  of  the  ketone. 

Dihydrocamphoketone  is  very  similar,  in  many  of  its  properties,  to 
camphorphorone,  the  ketone  which  is  formed  when  the  calcium  salt  of 
camphoric  acid  is  distilled,  and  which  boils  at  200 — 205°  and  has  a 
penetrating  odour  of  peppermint.  The  latter  ketone,  on  oxidation,  yields 
a-methylglutaric  acid,  formic  acid,  and  acetic  acid  (Koenigs,  Eppens, 
Berichte,  25,  266),  a  decomposition  which  has  led  Bredt  (loc.  cit.)  to 

CHo-C[:C(CH,),l 
propose  the  formula,  Xtt rTT/TTT  ^'^^^'  ^°^'  camphorphorone.     If 

this  formula  should  prove  correct,  it  is  probable  that,  in  spite  of  the 
similarity  in  properties,  there  is  no  close  connection  between  this 
substance  and  dihydrocamphoketone. 

II.   The  Substances  formed  when  Camphoric  Acid  is  Fused  with  Soda. 

The  fusion  of  4  kilos,  of  camphoric  acid  with  soda  was  carried  out 
under  the  same  conditions  and  in  the  same  apparatus  as  was  used  in 
the  experiments  with  caustic  potash,  and  the  melts  were  worked  up  in 
the  first  instance  in  a  very  similar  manner  to  the  potash  melts.  The 
amount  of  acids  volatile  with  steam  in  this  case  was  very  much  less 
than  that  obtained  from  the  potash  melts,  5  kilos,  of  camphoric  acid 
fused  with  potash  yielded  2 '3  kilos,  of  volatile  acids,  whereas  from 
4  kilos,  fused  with  soda  only  715  f^rams  were  obtained.  A  great  dif- 
ference was  also  noticed  in  the  cod  position  of  the  acids  from  the  two 
experiments,  and  this  is  well  brought  out  by  tables  which  have  been 
introduced  into  the  experimental  part  of  this  research  (p.  33).  The 
constitution  of  the  various  acids  which  were  obtained  by  fractionating 
the  715  grams  from  the  soda  melts  was  very  carefully  investigated,  in 
order  to  determine  whether  any  difference  could  be  noted  in  the 
nature  of  these  acids  as  compared  with  those  from  the  potash  melts, 
but  this  does  not  appear  to  be  the  case  except  in  the  highest  fraction 
of  all. 

In  fractioning  the  acids  from  the  potash  melts,  a  small  quantity  of 
an  oil  was  obtained  boiling  at   240 — 242°,  which,   on  analysis,  was 
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found  to  consist  for  the  most  part  of  .a  saturated  acid  of  the  formula 
CgHj-'COOH.  From  the  soda  melts,  a  compai'atively  much  larger 
quantity  of  an  acid  of  the  same  boiling  point  was  obtained,  which, 
however,  on  repeated  analysis,  was  found  not  to  be  identical  with  the 
acid  CgH^-'  COOH,  but  to  contain  two  atoms  of  hydrogen  less,  and  to 
be  an  unsaturated  acid  of  the  formula  CgHj^-COOH. 

This  acid,  which  apparently  had  been  formed  from  camphoric  acid 
by  the  elimination  of  carbonic  anhydride, 

C8Hi,(COOH)2  =  CgHi5-  COOH  +  CO,, 
decolorises  permanganate  instantly  in  the  cold,  and  is  converted  into 
a  dibromo-acid  of    the  formula  CgH^-Br.^'COOH,   by  treatment  with 
bromine.     On  oxidation,  first  with  permanganate  and  then  with  chromic 
acid,  it  yielded,  besides  acetic  acid,  a-methylglutaric  acid, 

COOH-  CH(CH,)-CH2-  CH,-  COOH, 
and  we  therefore  suggest  that  its  constitution  may  probably  be  ex- 
pressed by  the  formula 

CHg-  CH(C00H)-CH2-  CHg-  CH:C(CH3)2, 

a  formula  which  it  will  be  seen  can  readily  be  deduced  from  the 
constitution  of  camphoric  acid  adopted  in  this  paper,  and  from  the 
suggested  constitution  of  the  acid  CgH^^'COOH  (p.  5),  with  which,  no 
doubt,  it  is  closely  allied.  This  formula  is  rendered  probable  from  the 
fact  that  a  distinct  odour  of  acetone  was  noticed  during  tlie  oxidation 
with  chromic  acid  ;  and  the  oxidation  may  then  be  aissumed  to  have 
taken  place  in  the  following  way  : 

ch3-ch(cooh)-ch2-ch2-ch:c(ch,)o  +  so 

=  CH3-CH(COOH)-CH2-CH2-COOH   +   CO(CH3)2. 

The  acetone  would  then,  on  further  oxidation,  yield  the  acetic  acid 
which  was  found  among  the  products.  It  should  be  mentioned  that 
a  careful  examination  of  the  acids  boiling  at  240 — 242°  from  the  potash 
and  soda  melts  has  shown  that  the  pi'oducts,  in  both  cases,  contain  the 
saturated  acid  CgHj^'COOH  and  the  unsaturated  acid  CgH^^'COOH, 
traces  of  the  former  being  found  in  the  soda  melts  and  traces  of  the 
latter  in  the  potash  melts  ;  this  difference  is  doubtless  due  to  the  well- 
known  fact  tliat  potash  when  fused  with  organic  substances  exercises 
a  more  powerful  reducing  action  than  soda. 

The  examination  of  the  acids  produced  on  fusing  camphoric  acid  with 
soda,  and  which  wore  not  volatile  in  steam,  has  given  most  interesting 
results.  These  acids,  which  weighed  700  grams,  contained,  besides 
considerable  quantities  of  isopropylsuccinic  acid, 

CH(CH3)2-CH(COOH)-CH2-COOH 
(pimelic  acid),  and  some  camphoric  acid,  small  quantities  of  two   new 
acids,  one  crystalline  and  the  other  a  syrup  ;  these   were  .«;eparated 
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from  the  pimelic  acid  and  camphoric  acid  only  with  great  diflBculty, 
and  by  methods  which  are  described  in  detail  in  this  paper. 

The  crystalline  acid  which  melts  at  119 — 120°,  on  repeated  analysis, 
gave  numbers  which  showed  that  it  was  a  dibasic  acid  of  the  formula 
CgHj^(C00H)2,  that  it  was,  in  fact,  a  new  isomeride  of  camphoric 
acid. 

This  acid  which  we  have  called  ^jseudo-carmphovic  acid,  gives  well- 
defined  salts  of  which  the  silver  salt,  CgH^4(C00Ag)o,  was  repeatedly 

analysed.       It   yields   also    a    crystalline    anhydride,  CgH^^<C./-,Q/0, 

which  melts  at  52—53°,  and  an  anilic  acid,  COOH-CgH^^-CO-NH-CgHs, 
melting  at  208°.  Pseudocamphoric  acid  does  not  decolorise  alkaline 
permanganate  except  on  long  standing,  and  it  is  therefore,  like  cam- 
phoric acid,  saturated,  but  it  differs  from  the  latter  in  that  when 
treated  with  sulphuric  acid,  it  does  not  evolve  carbon  monoxide  and 
yield  a  sulphonic  acid  of  the  nature  of  sulphocamphylic  acid. 

Before  Aschan's  classical  researches  on  the  camphoric  acids  had 
been  published  {Berichte,  27,  2001,  Chemisches  Centralhlatt,  1895, 
51,  967),  thirteen  isomeric  forms  of  these  acids  had  been  described  ; 
Aschan,  however,  showed  that  in  reality  there  were  only  six  modifications 
namely,  the  four  active  acids  d-  and  Z-camphoric  acid  and  d-  and  ^iso- 
camphoric  acid,  and  the  two  inactive  racemoid  forms,  i-camphoric  acid 
and  t-isocamphoric  acid.  The  active  camphoric  acids  melt  at  187°  and 
i-camphoric  acid  at  202 — 203°,  the  active  isocamphoric  acids  have  lower 
melting  points,  namely,  171 — 172^  and  i-isocamphoric  acid  melts  at 
191°.  The  camphoric  acids  belong  to  the  czVform  and  yield  anhydrides, 
whereas  the  isocamphoric  acids  which  are  ^raws-modifications  do  not 
do  so. 

These  are  the  only  modifications  possible  on  the  assumption  that 
camphoric  acid  has  the  formula  suggested  by  Bredt  or  the  formula 
adopted  in  this  paper. 

It  will  be  seen  that  our  jiseudocamphoric  acid  is  quite  different  in 
its  properties  from  any  of  the  above  acids  ;  moreover,  that  it  is 
not  a  mixture  of  a  camphoric  acid  and  an  isocamphoric  acid,  such  as 
has  been,  in  previous  cases,  found  to  melt  at  about  130°,  and  therefore 
described  as  new,  is  shown  by  the  fact  that  our  acid,  when  treated  with 
acetyl  chloride  according  to  Aschan's  directions,  remains  unaltered, 
whereas  such  a  mixture  would  yield  the  anhydride  of  the  camphoric 
acid,  whilst  the  isocamphoric  acid  remained  unchanged. 

It  seems  very  probable  that,  in  the  formation  of  pseudocamphoric 
acid  from  camphoric  acid,  the  5  ring  in  the  latter  acid  has  been  con- 
verted into  a  6  ring  by  the  introduction  of  one  of  the  methyl  groups 
of  the  complex  (CH3)2C—  thus. 
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CHg  CH, 


CHg 

/nxTxJ,    \H'C00H        h,c    ch-cooh      ch„-c    ch-cooh 

^       '^'l^-CHa  CH3-C      CH2  H,C      CH2 

cH3.c(cooH)  \y  '\/ 

CH3-C-C00H  CHg-C-COOH 

These  fovmulaj  represent  pseudocamphoric  acid  as  a  derivative  of 
hexahydrophthalic  acid  on  the  one  hand,  and  on  the  other  as  a 
substituted  glutaric  acid,  and  either  view  agrees  well  with  the  properties 
of  the  acid,  and  especially  with  the  fact  that  it  yields  a  well  charac- 
terised anhydride  and  anilic  acid. 

The  syrupy  acid  mentioned  on  p.  8  as  having  been  obtained  from 
that  portion  of  the  acids  not  volatile  with  steam,  is  a  substance  having 
very  interesting  properties.  It  is  a  very  viscid,  colourless  syrup  which 
distils  remarkably  constantly  at  254 — 257°  (50  mm.),  and,  on  ex- 
amination, has  been  found  to  consist  of  an  acid  of  the  formula  Cj^H^gO^ 
very  soluble  in  water,  mixed  with  very  small  quantities  of  an  oil  in- 
soluble in  water,  propei'ties  which  make  it  easy  to  separate  the  two. 

The  acid  C()Hj,;0^  differs  from  all  the  other  substances  described 
in  this  paper  in  that,  in  spite  of  its  high  molecular  weight,  it  is 
unusually  soluble,  in  fact  almost  miscible  with  water.  It  is  a  diabasic 
acid  which  yields  a  silver  salt,  CVH^^(COO  Ag)o,  and  although  it  distils 
almost  without    change,  that  is,   without    forming  an  anhydride,  it 

does  yield   an  anhydride,  C;H^^<^5>0,  boilingatl85— 190°(35mm.) 

when  digested  with  acetic  anhydride.     We  have  not,  so  far,  been  able 
to  obtain  any  clue  to  the  nature  of  this  acid.    - 

This  research  was  commenced  in  1893  in  the  laboratories  of  Owens 
College,  and  since  1895  it  has  been  carried  on  uninterruptedly  both 
in  Owens  College  and  in  the  chemical  laboratory  of  St.  Thomas's 
Hospital,  and  we  wish  to  express  our  hearty  thanks  to  Messrs.  W.  H. 
Bentley,  G.  Ha  worth,  J.  L.  Heinke,  F.  H.  Lees,  and  others  for  valu- 
able help  in  carrying  out  this  difficult  investigation. 

EXPERIMENTAL. 

Fusion  of  CAMPnoRic  Acid  with  Caustic  Potash. 

Description  of  the  Melting. — Five  kilos,  of  camphoric  acid  were  treated 
in  the  following  manner.  Five  hundred  grams  of  camphoric  acid  were 
mixed  with  4  kilos,  of  caustic  potash  containing  85  per  cent.  KOH  in  a 
largo  iron  pot,  and  the  whole  well  moistened  with  water;  the  pot  was 
then  rapidly  heated  with  two  very  large  Fletcher  burners,  the  contents 
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being  meanwhile  well  stirred.    As  the  temperature  gradually  rose,  the 
mass  assumed  a  pasty  consistency,  and  at  about  170°  to  180°  bubbles 
appeared  round  the  edge  of  the  melt,  increasing  in  number  with  the 
rise  in  temperature  ;  water  was  given  off  and  a  small  amount  of  a  light 
coloured  scum  formed  on  the  surface.     At  250°,  the  melt  set  to  a  hard 
mass  and  could  only  be  stirred  with  difficulty  ;  great  care  was  I'equired 
at  this  stage  to  prevent  charring.     On  continuing  to  heat,  the  melt 
again  became  quite  liquid  at  about  300°,  and  just  above  360°  began  to 
give  off  large  quantities  of  hydrogen,  at  the  same  time  a  penetrating 
aromatic  odour  somewhat  resembling  that  of  menthol  was  observed. 
The  evolution  of  hydrogen  continued  for  from  2 — 2|  hours,  and  the 
whole  operation  lasted  from  3 — 3^  hours.    As  soon  as  hydrogen  ceased 
to  be  evolved,  the  melt  was  poured  on  to  shallow  iron  trays  and  allowed 
to  cool,  when  it  soon  solidified  to  a  hard,  brittle  cake  of  a  greenish  colour. 

Working  up  of  the  Product. — When  cold,  the  melt  was  broken 
up  and  placed  in  a  lead-lined  iron  vessel  (specially  fitted  up  for 
steam  distillation),  a  large  amount  of  water  added,  and  steam  passed 
through  until  the  whole  was  dissolved.  The  lid  of  the  vessel  was 
then  fastened  down,  and  through  a  tap  in  the  lid  a  quantity  of 
33  per  cent,  sulphuric  acid  was  run  in  somewhat  more  than  sufficient 
(this  was  calculated  from  experiments  made  with  small  samples  of 
the  different  melts)  to  combine  with  the  caustic  potash  used,  and 
the  whole  submitted  to  steam  distillation  until  the  condensed  water 
had  only  a  very  slight  acid  reaction.  The  acid  distillate  was 
neutralised  with  caustic  soda  and  evapoi-ated  to  dryness. 

By  this  means,  4  kilos,  of  sodium  salts  were  obtained,  which  were 
dissolved  in  the  least  possible  quantity  of  water,  strongly  acidified  with 
hydrochloric  acid  and  extracted  with  ether  ;  the  ethereal  solution  was 
di'ied  over  calcium  chloride  and  the  ether  evaporated;  the  residue 
weighed  2-3  kilos,  and  was  treated  in  the  manner  described  in  detail  on 
page  12. 

Residue  from  the  Steam  Distillation. — The  residue  from  the  distil- 
lation with  steam,  on  cooling,  deposited  large  quantities  of  potassium 
sulphate  ;  this  was  filtered  off,  and  the  filtrate  neutralised  with  caustic 
soda  and  evaporated  to  about  one-third  its  bulk  in  large,  flat  copper 
pans,  heated  by  steam.  The  salts  which  separated  from  this  concen- 
trated liquor  contained  much  organic  matter,  and  on  treatment  with 
hydrochloric  acid  and  ether  in  the  manner  just  described,  yielded  510 
grams  of  a  pale  yellow  oil  (A). 

Lastly,  the  filtrate  from  the  above  salt  was  evaporated  to  dryness ; 
at  a   later   date,  this   solid  residue  was   dissolved  in   water,  strongly 

acidified  with  hydrochloric  acid,  and  treated  with  ether  as  above,  when 

316  grams  of  a  dark  yellow  oil  (B)  was  obtained. 
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The  process  adopted  in  working  up  the  oils  (A)  and  (B)  is  described 
on  pages  22  and  23. 

Volatile  Acids  formed  hy  the  Fusion  of  Camphoric  Acid  with  Potash. 

The  2 "3  kilos,  of  crude  acids  which  had  been  volatilised  with   steam 

(p.    11)  were  now  carefully  fractionated,   using  a  column,  with  the 

following  results. 

"Weight  in  grams. 


Fraction. 

50—100° 
100—125 
125—135 
135—150 
above  150 


296 
663 
515 
387 
325 


The  fraction  50 — 100°  contained  water  and  ether;  the  ethereal 
solution  separated  from  the  water  was  carefully  dried  over  anhydrous 
sodium  sulphate  ;  the  fractions  100—125°,  125—135°,  and  135—150° 
were  also  carefully  dried  over  sodium  sulphate,  and  the  whole  was  then 
repeatedly  distilled,  the  acids,  after  each  distillation,  being  again 
dried  over  anhydrous  sodium  sulphate.  The  appended  table  gives  the 
result  of  this  treatment. 


Fraction. 

"Weiglit  in  grams  after 
2nd  distillation. 

W 

eight  in  gi'ams  after 
3rd  distillation. 

W 

eight  in  gi'ams  after 
4th  distillation. 

50-100° 
100—125 
125—135 
135—150 
above  150 

13 

501 

Not  distilled 

>> 

689 
310 
360 

701 

330 

285 

20 

The  acids 

boiling  above  150° 

gave  the  following  ] 

■esults  on  fraction- 

ation. 

Fraction.                  a 

Weight  in  grams 
"ter  1st  distillation,      a 

Weight  in  grams 
ter  2nd  distillation. 

below  150° 

2 

15 

150—160 

12 

58 

160—170 

68 

40 

170—180 

59 

33 

180—190 

41 

36 

190—200 

42 

31 

200—210 

42 

42 

210—220 

43 

48 

220—230 

33 

30 

230—240 

22 

14 

above  240 

22 

32 
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From  the  acids  boiling  above  240°,  a  small  amount  of  solid  matter 
crystallised  out  on  standing,  which,  when  separated  from  the  liquid 
and  dried,  was  found  to  have  a  melting  point  of  114°,  corresponding 
with  that  of  pimelic  acid  (isopropylsuccinic  acid).  The  presence  of  this 
acid  could  only  be  accounted  for  by  assuming  that  it  was  to  some  ex- 
tent volatile  with  steam,  and,  in  order  to  test  this  supposition,  the  follow- 
ing experiment  was  made. 

Five  grams  of  pimelic  anhydride  were  dissolved  in  caustic  soda, 
acidified  with  sulphuric  acid,  and  steam  distilled  for  If  hours.  The 
distillate,  after  being  neutralised  with  caustic  soda,  evaporated,  acidified 
with  sulphuric  acid,  extracted  with  ether,  &c.,  gave  0"2  gram  of  a 
crystalline  solid  having  a  melting  point  of  114°,  which  is  that  of 
pimelic  acid.  This  shows  that  pimelic  acid  is  to  some  extent  carried 
over  during  steam  distillation. 

It  was  thought  that  a  separation  of  pimelic  acid  from  the  fatty 
acids  might  be  effected,  if  the  ammonium  salts  were  distilled  with  steam. 
The  salts  of  the  fatty  acids  would  by  this  means  be  dissociated  into 
ammonia  and  the  free  acids  which  would  distil  over,  whereas  the 
ammonium  salt  of  pimelic  acid  might  be  expected  to  remain  unde- 
composed. 

On  making  a  blank  experiment  in  this  way  with  20  grams  of  pimelic 
anhydride,  it  was  found  that  the  ammonium  salt  of  pimelic  acid  is  not 
decomposed  during  steam  distillation. 

In  oixler  to  test  this  method  of  separation  further,  a  considerable 
amount  of  acids  from  which  a  small  quantity  of  the  crystalline  substance, 
melting  at  114°,  had  been  obtained,  was  dissolved  in  ammonia  and 
steam  distilled  until  no  more  acid  came  over  with  the  condensed  water. 
The  ethereal  extract  from  the  acidified  residue  left  in  the  retort 
solidified  completely  on  standing,  and  the  crystals  melted  at  114° 
(pimelic  acid).  These  experiments  showed  that  the  acids  boiling 
above  150°  must  contain  pimelic  acid,  and  as  it  was  necessary  to  get 
rid  of  this  substance,  the  whole  of  the  fatty  acids  boiling  above  this 
temperature  was  dissolved  in  ammonia  and  steam  distilled.  The  total 
amount  of  crvide  pimelic  acid  obtained  from  the  residue  was  about  45 
grams.  During  the  distillation,  the  first  portion  which  passed  over 
was  strongly  alkaline  (from  the  presence  of  ammonia)  and  from  this 
liquid  a  small  amount  of  an  oil  separated  (about  2  grams)  ;  this  was 
extracted  v?ith  ether,  but  the  quantity  was  too  small  to  allow  of  its 
nature  being  investigated.  The  combined  distillates  from  the  steam 
distillation  were  neutralised  with  caustic  soda,  evaporated,  acidified  and 
treated  with  ether,  &c.,  as  described  on  p.  11,  and  fractionated. 


14     CROSSLEY   AND   PERKIN  :   DECOMPOSITION   OF  CAMPHORIC 


Weight  in  grams 

Weight  in  grains  after 

Weight  in  grams  of 

Fraction. 

before  the  aniiuoniuni 

the  ammonium  salt 

acid  from  residue  after 

salt  purification. 

purification. 

distillation. 

150—160° 

68 

31"\ 

160—170 

40 

25 

170—180 

33 

25  - 

20 

180—190 

36 

35 

190—200 

31 

20j 

200—210 

42 

43) 
32  f 

210—220 

48 

25 

220—230 

30 

54  ( 
20) 

230—240 

14 

above  240 

32 

6 

The  Fraction  100 — 125°  contains  Acetic  Acid,  CHg-  COOH.— In  order  to 
thoroughly  dry  this  fraction,  it  was  mixed  with  an  equal  volume  of 
concentrated  sulphuric  acid,  allowed  to  stand  for  24  hours,  and  then 
distilled ;  this  operation  was  repeated  four  times,  and  finally,  after 
several  fractional  distillations,  a  considerable  quantity  of  pure  acetic 
acid  was  isolated  which  solidified  on  cooling  with  ice.  The  silver  salt 
prepared  from  this,  after  recrystallisation  from  water,  gave  the  follow- 
ing result  on  analysis. 

0-1996,  on  ignition,  gave  0-1290  Ag.     Ag=  64-62. 

CHgCOOAg  requires  Ag  =  64-67  per  cent. 

The  acid  was  further  characterised  by  converting  it  into  ethylic  acetate 
and  acetanilide. 

The  Fraction  135—150°  contains  Propionic  Acid,  CHg-CHo-COOH. 
— After  drying  with  sulphuric  acid  and  repeated  very  careful  fractional 
distillation,  a  portion  was  isolated  which  boiled  constantly  at  140°, 
and,  on  analysis,  was  shown  to  be  propionic  acid. 

0-1628  gave  0'2909  CO2  and  0-1224  H,A     0  =  48-72;  H  =  8-35. 
CHa'CHg-COOH  requires  C  =  48-64;  H  =  8-10  per  cent. 

The  silver  salt  was  also  analysed. 

I.  0-1540,  on  ignition,  gave00918  Ag.  Ag  =  59-61. 
II.     0-2689,,        „  „     0-1602  Ag.     Ag  =  59-57. 

0-2689  gave  0-1942  CO2  and  0-0658  H2O.     C  =  19-70;  H  =  2-71. 

C.,Urfir,Ag  requires  Ag  =  59-66  ;  C  =  19-89  ;  H  =  2'76  per  cent. 

S'he  Fraction  150 — 160°  contains  Isohutyric  Acid. — Hlasiwetz  and 
Grabowski  considered  that  the  acid  formed  by  the  action  of  fused  potash 
on  camphoric  acid  consisted  of  butyric  acid.  We  have,  however,  failed 
to  substantiate  this  statement,  as  we  have  not  succeeded  in  isolating 
any  butyric  acid,  although,  on  the  other  hand,  we  find  that  iso-butyric 
acid  is  formed  in  considerable  quantities  during  the  fusion. 
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As  the  boiling  points  of  the  two  butyric  acids  are  near  to  one  another 
(normal  acid,  163°;  ?sc»-acid,  150°)  it  was  feared  that,if  both  were  present, 
distillation  alone  would  not  separate  them.  Wechsler's*  method 
{Monatshefte,  July,  1893,  462)  was  therefore  resorted  to. 

For  this  purpose,  the  whole  of  the  fraction  150 — 160°  was  neutralised 
with  standard  caustic  soda,  one-third  of  the  amount  of  stan  ard 'sul- 
phuric acid  necessary  to  nevitr-alise  the  soda  was  added,  and  the  mixture 
steam  distilled  until  the  distillate  was  no  longer  acid.  According  to 
Wechsler,  under  these  conditions,  the  acid  of  higher  boiling  point  comes 
over  first ;  so  that  the  distillate  should  contain  butyric  acid,  if  any 
were  present.  An  analysis  of  the  fraction  160 — 166°  of  the  acids 
obtained  from  the  distillate  gave  the  following  numbers. 

0-1918  gave  0-3980  CO2  and  0-1631  HgO.     C  =  56-62  ;  H  =  9-43. 
C^HsOo  requires  C  =  54-54;  H  =  9-09.  0^^^f>, requires  C  =  58-82;  H  =  9-80  %. 

Evidently  the  substance  is  a  mixture  of  probably  isobutyric  acid  (or 
butyric  acid)  and  isovaleric  acid. 

To  the  residue  of  the  distillation,  another  portion  of  the  standard 
acid,  equal  to  one-third  of  the  soda  solution  originally  used,  was  added, 
and  the  whole  again  distilled  in  steam.  The  distillate  was  heated  with 
excess  of  calcium  carbonate,  filtered,  and  the  clear  filtrate  concentrated 
on  the  water  bath,  when,  on  cooling,  well-defined,  white,  feathery 
crystals  separated.  A  portion  of  the  clear  mother  liquor,  which  had 
a  syrupy  consistency,  was  heated  at  100°  in  a  closed  tube,  but  only  a 
minute  quantity  of  solid  matter  was  precipitated,  showing  that  not 
more  than  a  trace  of  the  calcium  salt  of  normal  butyric  acid  could  have 
been  present. 

The  acid,  recovered  from  the  calcium  salt  in  the  usual  way,  by  acidi- 
fying and  extracting  with  ether,  was  submitted  to  fractional  distillation, 
and  the  portion  boiling  between  152°  and  153°  was  analysed. 

0-1561  gave  0-3089  COg  and  0-1250  H2O.     0  =  53-98;  H  =  8-9, 
C^HgOo  requires  0  =  54*54;  H  =  9-09  per  cent. 

The  calcium  salt  prepared  from  this  acid  was  also  analysed. 

0-1264,  dried  at  100°,  gave  0-0828  OaSO^,     Ca=  18-98. 
0-1708  of  the  air-dried  salt  lost  0-0440  H2O  at  155°.     H20  =  25-76. 
{G^^jO.-^^Gb.  requires  Oa=  18'69  per  cent, 
(O4H j02)2Ca,4H20  requires  H2O  =  25-17.     {G^Ti^O.^^(<^a.,b^.p  requires 
H20  =  29-60  per  cent. 

This  determination  of  the  water  of  crystallisation  agrees  well  with 
that  of  the  calcium  salt  obtained  from  the  soda  melts ;  but  according 

*  This  method,  although  in  some  cases  valuable,  is  not  so  trustworthy  as  might  be 
supposed  from  the  description  given  by  Wechsler,  as  detailed  experiments,  carried 
out  by  one  of  us,  show  (Trans.,  1897,  71,  580). 
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to  Chancel  and  Parmentiei"  {Com2)t.  rend.,  1887,  104,  477)  calcium  iso- 
butyrate  contains  SHgO.  An  examination  of  the  calcium  salt  prepared 
from  pure  isobutyric  acid  showed  that,  if  left  exposed  to  the  air,  it 
loses  some  of  its  water  of  crystallisation  ;  this  accounts  for  the  numbers 
obtained  in  the  above  analysis  being  low. 

These  experiments  prove  conclusively  that  isobutyric  acid  is  one  of  the 
acids  formed  during  the  fusion  of  camphoric  acid  with  caustic  potash. 

llie  Fraction  170 — 180°  contains  Isovaleric  Acid, 
CH(CH3)2-CH,-COOH. 
— The   very   disagreeable   smelling   oily   acids    boiling    within    these 
limits  were  repeatedly  fractionated,  when  a  considerable  quantity  was 
obtained  boiling   at  175 — 180°;   the   product,  on  analysis,  gave  the 
following  result. 

0-1207  gave  0-2592  COg  and  0-1092  HgO.     0-58-57;  H- 10-04. 
C5H10O2  requires  C  =  58-82  ;  H  =  9-80  per  cent. 

The  whole  of  this  fraction  was  converted  into  the  anilide  which  was 
purified  by  crystallisation  from  light  petroleum  (b.  p.  100 — 120°).  It 
formed  shining,  white  needles  which  melted  at  109-5 — 110-5°. 

I.  0-1141  gave  8-1  c.c.  moist  nitrogen  at  12°  and  752  mm.  N  =  8-33. 
II.  0-1154     „     7-9  „  „  13-5°,,  769  mm.  N  =  8-16. 

C^,H^-NO  requires  N  =  7-91  per  cent. 

According  to  Chiozza  {Ann.,  18o2,  84,  109),  the  melting  point  of 
tso-valeranilide  is  115°;  whilst  Schmidt  and  Sachtleben  {Ann.,  1878, 
193,  102)  state  that  the  anilide  prepared  from  synthetical  isobutyl- 
formic  (isopropylacetic)  acid  melts  at  100°. 

In  order  to  test  these  statements,  isopropylacetic  acid  was  prepared 
from  ethylic  isopropylmalonate.  This  ethereal  salt  after  careful 
fractionation  was  hydrolysed  with  alcoholic  potash,  the  dibasic  acid 
distilled  to  eliminate  carbon  dioxide,  and  the  distillate  fractionated.  A 
portion  of  the  pure  acid  boiling  at  1 75°  was  converted  into  the  anilide, 
which,  after  repeated  recrystallisation  from  light  petroleum,  melted  at 
109 — 111°;  this  agrees  with  the  melting  point  of  the  acid  prepared 
from  the  fusion  of  camphoric  acid  with  caustic  potash,  proving  that 
the  acid  described  above  is  isovaleric  acid. 

The  Fraction  180—200°  contains  Meth/jlisojyropi/laceiic  Acid, 
CH(CH.,),-CH(CH3)-C00H. 
— The  fraction  of  the  fatty  acids  boilin,^  between  180°  and  200°  (about 
70  grams)  was   12  times   very    carefully   fractioned,   the   following 
fractions  being  ultimately  obtained. 

180—183°  =    5  grams  189—192°  =  15  grams 

183—186°=    8      „  192— 195°  =11       „ 

186—189°  -  14      „  195—198°  =    7      „ 
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The  fraction  186 — -192',  which  weighed  29  gi-ams,  was  converted 
into  the  anilide  in  the  usual  way,  and  this,  on  standing  for  some  days 
in  an  ice  chest  over  sulphuric  acid  in  a  vacuum  desiccator,  deposited 
crystals  which,  after  being  left  in  contact  with  porous  porcelain  for 
a  fortnight,  were  purified  by  repeated  crystallisation  from  dilute 
methylic  alcohol.  The  anilide  thus  obtained  melted  sharply  at  75°, 
and  gave  the  following  numbers  on  analysis. 

0-1608  gave  10*4  c.c.  moist  nitrogen  at  15°  and  750  mm.    N  =  7-47. 
CsH^f  CO-NH-CeHj  requires  IN"  =  7-33  per  cent. 

This  pure  anilide  was  digested  with  concentrated  hydrochloric  acid, 
and  the  regenerated  acid,  after  extraction  with  ether  and  drying 
over  calcium  chloride,  was  distilled,  when  the  whole  passed  over  at 
189 — 191°  (766  mm.)  and  gave,  on  analysis,  the  following  numbers. 

0-1451  gave  0-3288  00^  and  0-1338  H.,0.     C=  61-82  ;  H  =  10-24. 
C^Hi^-COOH  requires  C  =  62-07^;  H  =  10-34  per  cent. 

The  silver  salt  prepared  from  the  ammonium  salt  by  precipitation, 
is  amorphous  and  insoluble. 

0-1340  gave,  on  ignition,  0-0645  Ag.     Ag  =  48-13 

0-H^j*COOAg  requires  Ag  =  48-43  per  cent. 

In  order  to  further  charactex-ise  this  acid,  it  was  converted  into  the 
paratoluidide,  CgHj^'CO'NH-C^jH^'CHg,  by  treating  the  acid  chloride 
with  paratoluidine.  As  the  crude  product  of  the  action  did  not 
crystallise  readily,  it  was  ground  up  for  some  days  successively 
with  small  quantities  of  dilute  sodium  cai'bonate  solution,  and  dilute 
hydrochloric  acid  ;  it  ultimately  became  quite  hard,  and  was  then 
purified  by  recrystallisation  from  light  petroleum  (b.  p.  60 — 80°)  from 
which  it  separated  in  colourless  needles  melting  at  103 — 104°. 

0-1522  gave  8-8  c.c.  moist  nitrogen  at  14°  and  752  mm.    N  =  6-73. 
C^Hii-CO-NH-CeH^-CHg  requires  N  =  6-83  per  cent. 

As  the  boiling  point  of  this  acid  coincides  exactly  with  that  of 
methylisopropylacetic  acid  (a^^-trimethylpropionic  acid)  which  one 
of  us  had  previously  prepared  (Trans.,  1896,  69,  1476),  it  seemed 
probable  that  the  two  acids  might  be  identical.  In  order  to  test  this,  syn- 
thetical methylisopropylacetic  acid  boiling  at  189 — 190°  was  converted 
into  the  anilide  and  paratoluidide,  which  were  found  to  be  identical 
in  every  respect  with  those  prepared  from  the  acid  described  above. 
The  acid  obtained  by  the  fusion  of  camphoric  acid  with  potash,  and 
boiling  at  189 — 191°,  is  therefore  methylisopropylacetic  acid. 
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Eoximinntion  of  the  Acids  Boiling  at  200 — 220°. 

It  will  be  seen  from  the  table  on  page  14  that  no  less  than  75 
grams  of  acid  of  the  fraction  distilling  between  200  and  220°  had 
been  obtained  ;  and  it  seemed  probable  that  a  careful  examination  of 
it  might  furnish  very  interesting  results.  Accordingly,  the  mix- 
ture was  very  carefully  fractionated  (12  times)  with  the  following 
results. 

200—203°  =     6  grams  209—212°  =  19  grams 

203—206    =  10      „  212—215    =    9      „ 

206—209    =  21       „  215—218    =    4      „ 

The  fraction  206 — 212°,  converted  into  the  acid  chloride  in  the  usual 
way,  distilled  entirely  between  115°  and  120°  (200  mm.).  The  oily 
anilide  prepared  from  this,  after  being  kept  for  some  days  at  0°,  deposited 
a  semi-solid  mass  of  crystals.  This,  when  placed  on  porous  porcelain, 
left  an  almost  colourless  crystalline  cake,  which  was  purified  by  re- 
crystallisation  from  light  petroleum  (b.  p.  60 — 90°)  ;  in  this  way,  a 
very  sparingly  soluble  anilide  was  easily  isolated  in  a  beautifully 
crystalline  condition,  and  melting  sharply  at  105 — 105*5°. 

0-2146  gave  13-2  c.c.  moist  nitrogen  at  20°  and  754  mm.     N  =  6-98. 
CgH^g-CO-NH-CeHg  requires  N  =  6-83  per  cent. 

The  anilide  was  now  decomposed  by  digestion  with  strong  hydro- 
chloric acid  in  a  reflux  apparatus  for  about  two  days  ;  the  oily  acid, 
extracted  with  pure  ether  in  the  usual  way,  was  purified  by  fraction- 
ation, when  almost  the  whole  distilled  at  209 — 210°  as  a  colourless  oil. 

0-1494  gave  0-3521  COg  and  01425  H^O.     C  =  64-27 ;  H  =  10-60. 

0-1384     „     0-3269  CO2    „    0-1338  H^O.     0  =  64-42 ;  H  =  10-74. 

0-1522     „     0-3604  CO^    „    0-1493  H.A     C  =  64-58  ;  H  =  10-91. 

C^Hi.,-COOH  requires  0  =  64-61";  H=10-77  per  cent. 

The  silver  salt  of  this  acid  is  a  white,  caseous,  insoluble  precipitate, 
which,  after  washing  well  with  water,  alcohol,  and  ether,  gave  the 
following  results  on  analysis. 

0-1081  gave,  on  ignition,  0-0492  Ag.     Ag  =  45-51. 

0-1622     „  „        0-0738  Ag.     Ag  =  45-49. 

06Hi.j-000Ag  requires  Ag  =  45-57. 

These  results  prove  conclusively  that  the  acid  boiling  at  209 — 210°  is 
a  heptylic  acid,  CgHj3'000H. 

As  far  as  we  have  been  able  to  find  out,  there  have  been  compara- 
tively few  acids  of  this  composition  prepared,  the  following  being  a  table 
of  the  known  isomerides. 
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(1)  Normal  heptylic  acid,  CH3-[CH4-C00H    b.  p.  2204° 

(2)  Methylbutylaceticacid,  CH3-[CH,VCH{CH3)-COOH    „     210 

(3)  ?'so-Oenanthic  acid,  constitution  unknown  b.  p.  210 — 213 

(4)  rso-Amylaceticacid,  CH(CH3)2-[CH2]3-COOH  „     208—210 

(5)  Methyldiethylacetic  acid,  C(C,H5)2-[CH3]-COOH   „     207—208 

(6)  Ethylpropylaceticacid,CH3-[CH2]2-CH(CoH5)-COOH  b.  p.  209-2 

(7)  Methylisobutylaceticacid,  CH3-CH(C4H.j)-cbOH    ...     „     205 

(8)  Methylisopropylpi'opionic  acid, 

CH(CH3)2-CH(CH3)-CH2-COOH(?)    „     220 

It  will  be  seen  from  this  table  that  several  of  these  acids  boil  at  the 
same  temperature  as  our  hexylic  acid,  but  as  the  anilides  of  the  acids 
boiling  between  207 — 213°  have  not  been  prepared,  it  is  impossible  to 
decide  whether  or  not  any  one  of  these  is  identical  with  the  acid  from 
camphoric  acid. 

At  first  we  thought  it  probable  that  our  acid  might  be  isoamylacetic 
acid,  and  we  therefore  prepared  this  acid,  and  converted  it  into  its 
anilide  ;  this,  however,  melts  at  75°,  and  is  quite  different  in  its 
solubilities  and  appearance  from  our  anilide. 

We  are  for  several  reasons  inclined '  to  think  that  our  acid  is  a 
dimethylethylpropionic  acid  of  the  formula 

CHg-  CHg-  C(CH3)2-  CH2-  COOH, 
and  we  propose  to  synthesise  this  acid  with  the  view  to  decide  this  point. 

Examination  of  the  Acids  Boiling  above  220°. 

The  portion  of  the  acids  boiling  above  220°,  weighing  about  80  grams, 
was  submitted  to  repeated  fractionation,  and  ultimately  the  following 
quantities  were  obtained. 

220—225°=    7  grams.  235—240°=    9  grams. 

225—230  =14       „  240—245  =15       „ 

230—235  =15       „  245—250  =6       „ 

As  during  the  distillations  it  was  noticed  that  the  temperature  always 
remained  constant  for  a  considerable  time  at  230 — 232°  (750  mm.),  a 
small  quantity  boiling  at  this  temperature  was  converted  into  the 
anilide,  in  the  hope  that  it  might  crystallise  well,  but  this  was  not  the 
case,  and  the  same  remark  applies  to  the  fraction  240 — 245°.  The 
fraction  225 — 235°  was  now  submitted  10  times  to  most  careful  frac- 
tionation, and  ultimately  9  grams  of  an  acid  were  obtained,  boiling 
almost  constantly  at  230—232°  (750  mm.).  On  analysis,  it  gave  the 
following  results. 

0-1074  gave  0-2602  CO,  and  0-1032  H.,0.      C  =  66-09  ;  H  =  10-68. 

0-1610     „     0-3923  CO2    „    0-1591  HoO.     0  =  66-44 ;  H=  10-99. 

CyHig-COOH  requires  0  =  66-66';  H=  11-11  percent. 

c  2 
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The  slightly  alkaline  solution  of  the  ammonium  salt  was  precipitated 
fractionally  with  silver  nitrate,  and  the  three  fractions  of  silver  salt 
thus  obtained  gave  the  following  results  on  analysis. 

I.   0-1676  gave,  on  ignition,  00720  Ag.     Ag  =  42-95. 

II.  0-1483     „  „        00641  Ag.     Ag  =  43-23. 

III.  0-2224     „  „        00965  Ag.     Ag  =  43-39. 

C^Hjj'COOAg  requires  Ag  =  4303  per  cent. 

This  close  agreement  of  the  three  fractions  of  the  silver  salt  with 
the  formula  CyH^^'COOAg  appears  to  indicate  that  the  fraction 
230 — 232°  consists  either  of  a  pure  acid  or  a  mixtui-e  of  isomeric  acids 
of  this  formula.  The  former  alternative  seems  to  us  to  be  the  more 
probable. 

Oxidation  of  the  Acid  Boiling  at  230 — ^232°. — In  order,  if  possible, 
to  obtain  some  clue  as  to  the  nature  of  this  acid,  the  whole  quantity 
which  remained  after  the  above  analyses  had  been  made  was  submitted 
to  oxidation  with  potassium  permanganate.  As  the  acid  is  only  very 
slowly  attacked  by  alkaline  permanganate  in  the  cold,  the  solution  of  the 
acid  in  sodium  carbonate  was  heated  to  boiling,  and  then  small  quanti- 
ties of  the  oxidising  agent  added,  until  the  oxidation  appeared  to  become 
sluggish.  The  excess  of  permanganate  was  then  destroyed  by  sodium 
hydrogen  sulphite,  the  manganese  precipitate  removed  by  filtration, 
and  the  filtrate  and  washings  concentrated;  the  liquid  was  then  acidified 
with  sulphuric  acid  and  distilled  with  steam  as  long  as  any  unchanged 
acid  passed  over.  The  distillate  was  made  alkaline  and  oxidised  as 
before,  the  operation  being  repeated  until  no  unchanged  acid  distilled 
with  the  steam.  The  last  steam  distillate,  on  being  neutralised  with 
carbonate  of  soda  and  evapox-ated  to  dryness,  gave  a  considerable 
quantity  of  a  sodium  salt  the  acid  from  which  nearly  all  passed  over 
below  150°  and  appeared  to  consist  mainly  of  acetic  and  propionic  acids. 

The  residual  liquors  i-esulting  from  the  oxidations  were  concentrated, 
acidified  with  dilute  sulphuric  acid,  saturated  with  ammonium  sul- 
phate, and  extracted  10  times  with  pure  ether.  The  ethereal  solution, 
after  drying  over  calcium  chloride  and  evaporating,  deposited  an  almost 
colourless  oil  which,  on  distillation  under  reduced  pressure  (40  mm.), 
yielded  a  considerable  quantity  of  a  fraction  boiling  at  aboutl60 — 175°; 
as  this  dissolved  with  difficulty  in  sodium  carbonate  solution,  it  evi- 
dently consisted  mainly  of  an  anhydride.  The  whole  was,  therefore, 
dissolved  in  hot  dilute  caustic  soda,  a  small  quantity  of  a  neutral  oil 
removed  by  ether,  and  the  acid  again  extracted  from  the  solution  after 
acidification,  in  the  usual  way.  The  oily  acid  thus  obtained,  when  kept 
for  some  weeks  in  an  ice  chest,  deposited  crystals  which  were  dried 
on  porous  porcelain,  dissolved  in  a  little  water  and  tlie  solution 
saturated  with  hydi-ogen  chloride.     In  a  short  time,  colourless  crystals 
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separated  which,  after  recrystallisation,  melted  at  180°  and  were  found 
on  analysis  to  consist  of  succinic  acid, 

0-1450  gave  0-2160  CO.^  and  00688  HgO.    C  =  40-63  ;  H  =  5-27. 
COOH-  CH.^-  CHo-  COOH  requires  C  =  40-68  ;  H  =  5-08  per  cent. 

The  mother  liquor  from  the  succinic  acid,  when  allowed  to  evaporate 
nearly  to  dryness  over  potash  in  a  vacuum  desiccator,  deposited 
nodular  crystals  and  some  leaflets  of  succinic  acid  ;  the  former  were 
easily  separated  mechanically  and  after  twice  crystallising  from  hydro- 
chloric acid  were  analysed. 

0-1002  gave  0-1803  CO.,  and  0-0628  Hp.     0  =  49-10  ;  H  =  6-97. 
C^Hio04  =  COOH'CH(CH3)-CH2-CH2-COOH  requires  0  =  49-32  ; 
H  =  6-85  per  cent. 

The  melting  point  of  the  crystals  was  75 — 77°,  and  the  general 
appearance  and  properties  of  the  acid  indicated  that  it  was  a-methyl- 
glutaric  acid  (m.  p.  77 — 78°). 

In  order  to  confirm  this,  the  remainder  of  the  acid  was  converted 
into  the  anilic  acid,  which  melted  at  112 — 113°;  Auwers  {Annalen, 
292,  210)  gives  114 — 115°  as  the  melting  point  of  methylglutaranilic 
acid.  It  seems,  therefore,  that  the  principal  products  of  the  oxidation 
of  the  acid  boiling  at  230 — 232°  are  succinic  acid,  a-methylglutaric 
acid,  and  fatty  acids  of  low  boiling  point.  This  acid  does  not  appear 
to  be  identical  with  any  of  the  known  acids,  CgH^gOo,  and  we  are  in- 
clined to  believe  that  its  constitution  is  repi-esented  by  the  formula 
*CH(CH3)2-CH(CH3)-CH2-CH2-C00H,  or  methylisopropylbutyric  acid, 
in  which  case,  if  oxidation  took  place  at  the  carbon  atom  marked  *,  the 
formation  of  methylglutaric  acid  under  these  conditions  could  be  readily 
understood. 

It  will  be  seen  from  the  table  given  at  the  head  of  this  section  that 
a  considerable  quantity  (15  grams)  of  the  acids  boiled  at  about 
240 — 245°,  and  in  order  to  examine  this  portion  the  fraction  235 — 250°, 
weighing  30  grams,  was  very  carefully  fractionated  (5  times);  in  this  way, 
about  9  grams  of  an  acid  were  obtained  boiling  at  240 — 242°,  and 
giving  the  following  results  on  analysis. 

0-1228  gave  0-3090  CO2  and  0-1234  H^O.     0  =  68-69;  H=  11-16. 
OgH^7-  OOOH  requires  0  =  68"  35  ;  H  =  1 1  -39  per  cent. 

On  examining  this  acid,  it  was  found  that  it  contained  a  small 
quantity  of  an  unsaturated  compound,  undoubtedly  the  acid  OgH^g*  OOOH 
referred  to  in  describing  the  acids  obtained  from  camphoric  acid  by 
fusion  with  caustic  soda  (p.  36).  In  order  to  remove  this,  the  whole 
of  the  fraction   240—242°  was  dissolved  in  dilute  sodium  carbonate, 
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mixed  with  ice,  and,  while  well  agitated  with  a  turbine  (and  also  by 
passing  a  rapid  current  of  carbonic  anhydx'ide),  a  cold  saturated  solu- 
tion of  permanganate  was  run  in  drop  by  drop  until  the  colour  re- 
mained permanent.  The  solution  was  then  heated  to  boiling,  filtered, 
the  fitrate  and  washings  of  the  manganese  precipitate  concentrated,  the 
residue  acidified,  and  the  oily  acid  extracted  with  ether.  The  ethereal 
solution,  after  drying  and  evaporating,  deposited  7 '5  grams  of  an  oil 
which,  on  distillation,  passed  over  completely  between  240°  and  245°, 
and  nearly  all  at  240 — 242°.  A  portion  of  the  substance  boiling  at 
241°  was  analysed. 

0-1353  gave  0-3377  COg  and  0-1390  HgO.     C  =  68-07  ;  H  =  11-41. 
CgHjy-COOH  requires  C  =  68-35  ;  H  =  1 1-39  per  cent. 

The  silver  salt,  prepared  from  the  ammonium  salt  in  the  usual  way,  is 
a  white,  amorphous  precipitate  which  was  analysed  after  washing  suc- 
cessively with  water,  met  hylic  alcohol,  and  ether. 

0-1350,  on  ignition,  gave  0-0553  Ag.     Ag  =  40-96. 

CgH^^'COOAg  requires  Ag  =  40-75  per  cent. 

These  results  clearly  indicate  that  the  acid  boiling  at  240 — 242°  is  a 
fatty  acid  of  the  composition  CgHj^-COOH,  and  as  this  acid  contains 
only  one  carbon  atom  less  than  camphoi-ic  acid  itself,  it  would  be  most 
interesting  if  its  constitution  could  be  elucidated.  The  only  acids  of 
this  formula  which  appear  to  have  been  prepared  are. 

Nonylic  acid  (pelargonic  acid),  CH3[CH.,]7-  COOH ...     b.  p.  253—254°. 

^■so-N■onylicacid,  CH3-[CH2]5-CH(CH3)'-COOH b.  p.       246°. 

Heptylaceticacid,CH3-[CH2]VcH(CH3)-CH2-COOH    b.  p.      232°. 

but  these  are  obviously  not  identical  with  our  acid. 

With  the  small  amount  of  matei-ial  at  our  disposal,  we  experimented 
on  the  action  of  oxidising  agents  on  the  acid,  and  obtained,  with  chromic 
acid,  an  acid  which  showed  all  the  properties  of  a-methylglutaric  acid, 
but  which  we  did  not  obtain  in  quantity  suflicient  for  analysis.  Un- 
fortunately, in  spite  of  niunerous  experiments,  no  further  clue  to  the 
constitution  of  this  acid  could  be  obtained,  and  we  can  only  suggest 
that  its  constitution  may  possibly  be  expressed  by  the  formula 

CH(CH3)2-  CHg-  CH2-  CHg-  CH(CH3)-C00H, 

or  by  some  formula  closely  allied  to  this. 

leojyropylsuccinic    Acid    {Pimelic   Acid), 
CH(CH3)2-  CH(C00H)-CH2-  COOH. 

It  was  explained  on  p.  11  that  856  grams  of  oil  (A  and  B)  was 
extracted  from  the  residues  obtained  after  the  volatile  acids  formed 
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during  the  fusion  of  camphoric  acid  with  caustic  potash  had  been  distilled 
off  with  steam.  The  whole  of  this,  in  quantities  of  50  grams  at  a  time, 
was  heated  with  acetyl  chloride  (100  grams)  for  2  hours  in  a  reflux 
apparatus,  the  acetyl  chloride  distilled  off,  and  the  residue  fraction- 
ated under  a  pressure  of  46  mm. ;  it  began  to  boil  at  ISO'^,  but 
very  little  passed  over  below  160°,  then  the  thermometer  remained 
constant  for  a  long  time,  about  60  per  cent,  of  the  whole  passing  over 
between  160°  and  170°  ;  the  temperature  then  rose  rapidly,  the  remain- 
ing liquid  distilling  between  185°  and  230°.  The  fraction  160—170°, 
on  redistillation,  yielded  a  very  large  quantity  of  a  colourless  oil  boiling 
constantly  at  164°  (45  mm.);  this,  on  analysis  and  subsequent 
examination,  was  found  to  consist  of  pure  isopropylsuccinic  anhydride. 

0-0974  gave  0-2105  COg  and  0-0618  H2O.     C  =  58-95  ;  H  =  7-04. 
CyH^^jOg  requires  C  =  59-15  ;  H  =  7-04  per  cent. 

A  portion  of  this  anhydride  was  converted  into  the  acid  by  dissolv- 
ing it  in  caustic  soda,  acidifying,  and  extracting  with  ether,  &c.,  when  it 
solidified  completely  on  cooling,  and  after  crystallisation  from  benzene, 
melted  at  about  115 — 116°. 

0-1192  gave  0-2288  COg  and  0-0804  H^O.     C- 52-34;  H  =  7-49. 
C\Hi204  requires  C  =  52-50  ;  H  =  7-50  per  cent. 

Tiemann  (Ber.,  1895,  28,  2152)  states  that  pimelic  acid  (isopropyl- 
succinic acid)  may  be  obtained,  melting  sharply  at  118°,  by  pre- 
cipitating its  chloroform  solution  with  light  petroleum,  but  we  were 
not  able  to  confirm  this  ;  the  melting  point  was  never  sharp,  and  this 
is  accounted  for  by  the  fact  that,  at  its  melting  point,  pimelic  acid  is 
slowly  converted  into  its  oily  anhydride.  With  the  large  quantities 
of  pimelic  acid  at  our  disposal,  we  have,  when  using  benzene  as  a 
solvent,  repeatedly  obtained  crystals  nearly  an  inch  in  length. 

Dihydrocamphoric  Acid,  C^qH^j^O^. 

As  mentioned  in  the  preceding  section,  an  oil  was  obtained  boiling  at 
185—230°  (45  mm.)  ;  this  fraction  weighed  about  70  grams,  and  its 
investigation  has  given  very  interesting  results.  The  whole  was  boiled 
in  a  reflux  apparatus  with  excess  of  caustic  soda  solution,  when  it  was 
noticed  thao  a  small  quantity  of  an  oil,  smelling  strongly  of  pepper- 
mint, did  not  dissolve ;  this  neutral  oil,  which  may  be  provisionally 
called  A,  was  removed  by  means  of  ether,  and  will  be  described  later 
on  in  detail ;  in  its  crude  state,  it  weighed  8  grams.  The  alkaline 
solution,  when  acidified  with  sulphuric  acid,  extracted  with  ether,  &c., 
yielded  74  grams  of  a  viscid  oil.  This  was  dissolved  in  a  slight  excess 
of  ammonia,  and  the  solution  boiled  with  excess  of  a  strong  solution 
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of  calcium  chloride,  when  a  large  quantity  of  the  sparingly  soluble 
calcium  pimelate  was  precipitated ;  the  acid  obtained  from  this,  after 
purification,  melted  at  about  115 — 116°,  and  consisted  of  pimelic  acid 
as  the  results  of  the  analysis  show. 

0-1240  gave  0-2380  CO,,  and  0-0849  H^O.     C  =  52-26  ;  H  =  7-61. 
C^Hi.p^  requires  C  =  52-50  ;  H  =  7-50  per  cent. 

The  solution  of  the  ammonium  salt  thus  completely  freed  from  pimelic 
acid  was  acidified  with  sulphuric  acid,  extracted  with  ether,  ifec,  when 
47  grams  of  a  nearly  colourless  oil  was  obtained,  from  which,  however, 
only  very  small  quantities  of  solid  matter  separated  on  standing.  The 
whole  was  accordingly  again  dissolved  in  a  slight  excess  of  ammonia  and 
the  solution  mixed  with  excess  of  zinc  chloride,  when  an  immediate 
and  copious  precipitate  was  formed ;  this  was  collected,  and  the 
filtrate  heated  to  boiling,  when  a  further  quantity  of  a  zinc  salt 
separated.  The  free  acids  obtained  from  these  zinc  salts  weighed 
7  grams  and  6  grams  respectively ;  they  wei-e  light  coloured  oils 
which  solidified  partially  after  long  standing.  The  acid  recovered 
in  the  usual  way  from  the  filtrate  from  the  zinc  salts  weighed  28  grams, 
and  when  heated  again  in  exactly  the  same  manner  with  calcium 
chloride  and  zinc  chloride,  it  yielded  no  calcium  salt,  although 
appreciable  quantities  of  the  zinc  salts  were  obtained. 

All  the  semi-solid  residues  of  the  acids  obtained  by  decomposing  the 
zinc  salts  were  spread  on  porous  porcelain  until  the  oily  mother  liquor 
had  been  completely  absorbed,  when  an  almost  colourless  acid  was  ob- 
tained, which,  after  crystallisation  from  water,  melted  sharply  at  105°. 

Tiemann  {Ber.,  1895,  28,  2153),  by  a  similar  process,  obtained  an 
acid  melting  at  140°  from  the  acids  formed  in  his  experiments  on  the 
fusion  of  camphoric  acid  with  caustic  potash ;  this  he  found  to  be  a 
mixture  of  ordinary  f^camphoric  acid  and  d-  c?'s^rrtns-camphoric  acid. 
In  our  experiments,  although  we  were  unable  to  isolate  an  acid  melting 
at  140°,  it  seemed  possible  that  the  acid  of  melting  point  105°  might  still 
be  a  mixture  of  the  two  camphoric  acids  present  in  molecular  proportions 
differing  from  those  of  Tiemann's  substance,  and  in  order  to  test  this 
assumption,  we  treated  the  acid  of  melting  point  105°  by  the  method 
recommended  by  Aschan  {Ber.,  1894,  27,  2003)  for  separating  these 
isomeric  camphoric  acids. 

The  acid  (5  grams)  was  treated  in  the  cold  with  acetyl  chloride  (18 
grams),  the  excess  of  chloride  removed  by  aspirating  dry  air  through 
the  product,  and  the  solid  residue  treated  in  the  cold  with  dilute 
soda.  If  the  original  acid  had  been  a  mixture  of  c?-camphoric  acid 
and  d-  c/s^rrt/is-camphoric  acid,  the  former  would  have  been  converted 
into  camphoric  anhydride  by  the  acetyl  chloride,  whereas  the  latter 
would  have  remained  uuattacked  ;  on  subsequently  treating  the  product 
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with  cold  soda,  the  camphoric  anhydride  would  have  remained  undis- 
solved. Our  product,  however,  dissolved  readily  and  completely,  and  on 
acidifying  the  alkaline  solution  with  hydrochloric  acid  and  extracting 
with  ether,  the  acid  melting  at  105°  was  recovered.  It  cannot,  there- 
fore, be  a  mixture  of  isomeric  camphoric  acids. 

This  is  an  important  experiment,  as  the  analysis  of  the  new  acid 
shows  that  it  differs  from  camphoric  acid  only  in  containing  two 
additional  hydrogen  atoms,  and  we  therefore  propose  to  name  it  di- 
hydrocamplioric  acid.    The  following  were  the  numbers  found  on  analysis. 

0-1316  gave  0-2874  CO.,  and  0-1033  H.,0.     C  =  59-56  ;  H  =  8-73. 
0-1184     „     0-2574  CO,"    „    0-0940  H^.     C  =  59-30;  H  =  8-78. 
0-1025     „     0-2230  CO".    „    0-0817  HA     C  =  59-41  ;  H  =  8-84. 
CjoHjgO^  requires  C  =  59-40  ;  'h  =  8-91  per  cent. 

This  beautiful  acid,  when  pure,  melts  at  105 — 106°;  it  is  sparingly 
soluble  in  cold  water,  readily  in  boiling  water,  and  usually  separates  on 
cooling  as  an  oil  which,  however,  rapidly  solidifies.  It  is  readily 
soluble  in  alcohol,  benzene,  ethylic  acetate,  chloroform,  and  hot  light 
petroleum,  also  in  hot  dilute  formic  acid  (sp.  gr.  1-06),  separating  from 
the  latter  on  cooling,  especially  if  the  liquid  is  vigorously  stirred,  almost 
completely  in  curious  nodular  masses ;  formic  acid  of  this  strength  is 
undoubtedly  the  best  solvent  from  which  to  crystallise  the  acid,  as  its 
separation  in  the  form  of  an  oil  is  thus  avoided. 

Dihydrocamphoric  acid  is  inactive  ;  1-2747  grams  dissolved  in  55  c.c. 
of  alcohol  gave  no  rotation  in  a  2  dcm.  tube  of  a  Laurent's  polarimeter. 
The  dissociation  constant  for  the  electric  conductivity  of  dihydrocam- 
phoi-ic  acid  was  found  by  Dr.  Ewan  to  be  K  =  0-00415;  this  value  is 
about  the  same  as  that  of  aa  ;^-dimethyladipic  acid, 

COOH-CH(CH3)-CH2'  CH^-  CH(CH3)-C00H 
{K  =  0  0042),  and  nearly  twice   as  large   as   that  of  camphoric  acid 
(K  =  0-0025). 

Scdts  of  Dihydrocamphoric  Acid. — The  silver  salt,  CgH^^(C00Ag)o, 
which  was  prepared  by  precipitating  a  warm,  slightly  alkaline  solution 
of  the  ammonium  salt  with  silver  nitrate,  is  an  amorphous,  very  in- 
soluble precipitate  which,  after  washing  with  water  and  drying,  gave  the 
following  results  on  analysis. 

0-1132  gave  0-1210  CO,,  0-0412  H,0  and  00583  Ag.  C  =  29-15; 
H=4-05;  Ag  =  51-50. 

Additional  silver  determinations  gave  Ag  =  51-74,  51-63,  51-82. 
C8Hig(C00Ag)^  requires  C  =  28-85;  H  =  3-85;  Ag  =  51-92  per  cent. 
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Oxidation  of  Dihydrocamphoi'ic  Acid. 

Dihydrocamphoric  acid  is  only  very  slowly  attacked  by  oxidising 
agents,  and  even  after  boiling  with  nitric  acid  for  some  time  a  con- 
siderable quantity  of  the  acid  may  be  recovered  unchanged ;  potassium 
permanganate,  moreover,  is  not  decolorised  by  a  cold  solution  of  the  acid 
in  sodium  carbonate  even  after  half  an  hour.  In  order,  if  possible,  to 
obtain  some  clue  to  the  constitution  of  the  acid,  2  grams  were  dissolved 
in  dilute  soda  solution  (containing  1  gram  NaOH),  a  solution  of  4 
grams  of  permanganate  added,  the  whole  diluted  to  250  c.c,  and 
left  for  four  Aveeks  at  the  ordinary  temperature,  the  procedure  being 
exactly  similar  to  that  desciibed  by  Balbiano  [Ber.,  1892,  25,  640) 
in  his  experiments  on  the  oxidation  of  camphoric  acid   to  the  acid 

Oxidation  took  place  very  slowly,  but  at  the  end  of  four  weeks  nearly 
the  whole  of  the  permanganate  had  been  decolorised ;  the  last  traces 
were  destroyed  by  sodium  hydrogen  sulphite,  and  the  whole  was  then 
heated  to  boiling,  filtered,  concentrated,  acidified,  and  extracted  with 
ether  after  saturation  with  ammonium  sulphate.  The  residue 
obtained  on  distilling  off  the  ether  weighed  nearly  2  grams,  smelt 
strongly  of  acetic  acid,  and,  on  standing,  deposited  crystals  which  were 
found  to  consist  of  unchanged  dihydrocamphoric  acid.  The  precipitate, 
extracted  with  ether  in  a  Soxhlet  apparatus,  yielded  a  small  quantity 
of  a  viscid  oil  which  appeared  to  contain  a  ketonic  acid,  since  its 
solution  in  potash  gave  an  immediate  precipitate  of  bromoform  with 
bromine  ;  unfortunately,  this  oil  did  not  give  a  characteristic  semi- 
carbazide  or  hydrazone,  and  its  nature  therefore  could  not  be  as- 
certained. 

In  order,  if  possible,  to  be  in  a  position  to  carry  out  this  experiment 
with  larger  quantities  of  dihydrocamphoric  acid,  we  endeavoured  to 
prepare  it  by  fusing  camphoric  acid  with  potash  in  the  presence  of 
zinc  dust,  but  although  the  conditions  were  varied  greatly,  we  did 
not  succeed  in  obtaining  even  a  trace  of  the  acid  in  this  way. 

Anhydride  of  Dihydrocamphoric  Acid  and  Formation  of 
Dihydrocamj)hoTcetone,  CyH^gO. 

When  dihydrocamphoric  acid  is  rapidly  heated  in  small  quantities 
in  a  test  tube,  the  greater  portion  sublimes  unchanged,  but  the  anhy- 
dride may  be  readily  obtained  by  heating  the  pure  acid  (2  grams) 
with  pure  acetic  anhydride  (8  grams)  in  a  reflux  apparatus  for  about 
15  minutes,  and  exposing  the  clear  solution  in  a  vacuum  desiccator  over 
solid  potash  and  sulphuric  acid  for  about  14  days  until  the  odour  of 
acetic    anhydride    has   entirely    disappeared.      The   gummy   residue, 
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which  couki  not  be  made  to  crystallise,  gave  results  on  analysis 
which  agree  approximately  with  those  required  for  dihydrocamphoric 
anhydride. 

0-1530  gave  0-3629  CO.,  and  0-1194  H2O.     C  =  64-70;  H  =  8-66. 

0-1379     „     0-3271  CO^,    „     0-1073  H,0.     0  =  64-61 ;  H  =  8-64. 

OioHjgOg  requires  0  =  65-22  ;  H  =  8-69  per  cent. 

This  anhydride  is  only  very  slowly  attacked  by  boiling  water,  but  it 
dissolves  in  boiling  potash  solution,  and,  on  acidifying  the  well-cooled 
alkaline  solution,  dihydrocamphoric  acid  is  precipitated  as  an  oil 
which  rapidly  solidifies,  and  then  melts  at  103 — 104°. 

When  heated  to  boiling  at  the  ordinary  pressure,  the  anhydride 
undergoes  a  very  remarkable  decomposition,  carbonic  anhydride  being 
eliminated,  and  a  new  ketone,  OgH^gO,  which  we  have  called  dihydro- 
ccmijyhohetone,  formed, 

C'loHigOg  =  OgHjgO  +  OOg. 

In  order  to  prepare  this  ketohe  in  qviantity  sufiicient  for  investigation, 
the  anhydride  obtained  from  5  grams  of  dihydrocamphoric  acid  was 
heated  to  boiling  in  a  small  reflux  apparatus  for  a  few  minutes,  until 
carbon  dioxide  ceased  to  be  evolved,  and  the  residue  was  then  distilled 
over  completely.  The  distillate,  which  had  a  very  penetrating  odour 
of  peppermint,  was  warmed  with  dilute  potash  solution  for  some  time, 
and  the  insoluble  oily  ketone  i^emoved  by  means  of  ether  ;  the  alkaline 
solution,  when  acidified  and  extracted  with  ether  in  the  usual  way, 
yielded  a  small  quantity  (0-7  gram)  of  dihydrocamphoric  acid,  which 
had  escaped  decomposition. 

The  ethereal  solution  of  the  ketone  after  being  washed  with  water, 
dried,  and  the  ether  distilled  off,  left  nearly  4  grams  of  a  residue,  which 
on  twice  fractioning  distilled  almost  constantly  at  180 — 181°  and 
gave  the  following  numbers  on  analysis. 

0-1336  gave  0-3761  00^  and  0-1343  H.O.     0  =  76-72;  H=ll-15. 

0-1069     „     0-3025  OO2    „    0-1099  H.p.     0  =  77-17 ;  H  =  11-42. 

0,,Hig0  requires  0  =  77-14;  H  =  11-43  per  cent. 

Dihydrocamphoketone  is  a  volatile  liquid  having  a  very  pronounced 
odour  of  peppermint ;  it  combines  readily  with  phenylhydrazine, 
hydroxylamine,  and  semicarbazide,  the  semicarbazone  being  the  most 
characteristic  derivative. 

Dihydrocampholcetone  semicarbazone  was  prepared  by  mixing  the  pure 
ketone  with  an  excess  of  a  saturated  solution  of  semicarbazide  hydro- 
chloride, and  adding  a  strong  solution  of  ^^sodium  acetate  and  enough 
alcohol  to  make  a  clear  solution  ;  the  liquid  was  then  heated  at  80° 
for  15  minutes  and  left  overnight  in  the  ice  chest,  when  the  semi- 
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carbazone  seixirated  almost  completely  in  colourless  needles.  These, 
after  being  drained  on  a  porous  plate,  washed  with  water  and  re- 
crystallised  from  alcohol,  were  obtained  as  a  white,  sandy  powder. 

0-1231  gave  0-2728  CO^  and  0-1122  H,0.     C  =  60-44;  H  =  10-07. 
0-1530     „      27-8  c.c.  moist  nitrogen  at  17"  and  758  mm.  N  =  21-04. 
CgHielC.'N-NH-CO-NHg  requires  C  =  60-91  ;  H  =  9-65  ;  N-21-32  %• 

The  semicarbazone  of  dihydrocamphoketone,  when  moderately  rapidly 
heated,  melts  at  202 — 203°,  with  incipient  decomposition ;  it  is  almost 
insoluble  in  water  and  cold  alcohol,  and  only  sparingly  soluble  in  boil- 
ing alcohol,  so  that  it  is  necessary  to  use  considerable  quantities  of 
this  solvent  in  recrystallising  it. 

Dihydroca'm2>holcetoxime,  CgH^glCINOH. — In  order  to  prepare  this, 
the  pure  ketone  (2  grams)  was  dissolved  in  methylic  alcohol,  a  con- 
centrated aqueous  solution  of  hydi-oxylamine  hydrochloride  (2-5  grams) 
added,  and  then  a  solution  of  potash  (5  grams)  in  methylic  alcohol. 
After  two  days,  the  methylic  alcohol  was  removed  by  gently  heating  on 
the  water  bath,  and  the  residue  was  diluted,  acidified,  and  extracted  with 
ether;  this,  after  being  washed  and  dried,  left  an  oily  residue,  which,  even 
after  being  kept  for  six  days  in  a  vacuum  desiccator  over  sulphuric  acid 
at  0°,  did  not  show  any  signs  of  solidifying.  It  was  analysed,  with  the 
following  result. 

0-1471  gave  12*5  c.c.  moist  nitrogen  at  16°  and  760  mm.     N  =  9-90, 
CgHjglCiNOH  requires  IS[  =  9-03  per  cent. 

Although  these  numbers  do  not  agree  so  closely  as  might  be  desired, 
there  can  be  no  doubt  that  the  substance  is  the  oxime  of  dihydro- 
camphoketone, and  many  experiments  were  made  (in  the  hope  of  being 
able  to  ascertain  the  constitution  of  the  ketone)  on  the  action  of 
acetyl  chloride  and  of  sv;lpliuric  acid  on  the  oxime,  following  Beckmann's 
directions,  but  without  result.  When  mixed  with  acetyl  chloride,  a 
most  violent  action  takes  place  spontaneously  with  formation  of  an 
intensely  deep  crimson  sticky  mass,  from  which  nothing  definite  could 
be  isolated. 

It  was  stated  on  page  23  that  8  grams  of  a  neutral  pungent  oil, 
called  A,  were  obtained  when  the  fractions  of  the  acids  distilling 
between  185  and  230°  (at  45  mm.)  was  treated  with  potash;  on  dis- 
tillation, rather  more  than  half  of  this  passed  over  between  175°  and 
195°  leaving,  however,  a  considerable  quantity  of  a  dark  brown  residue 
of  very  high  boiling  point  which  was  not  further  examined.  The 
portion  which  distilled  between  175"  and  195°,  on  twice  refractionating, 
yielded  nearly  3  grams  of  a  limpid  oil  boiling  at  179 — 181°  and  smelling 
strongly  of  peppermint. 
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01611  gave  0-4538  CO.^  and  0-1660  H„0.     C  =  76-82;  H=  11-46. 

0-1449     „     0-4078  00^    „    0-1465  K,0.     C  =  76-69 ;  H  =  ll-25. 

CgHjgO  requires  C  =  77*14;  H=11'43  per  cent. 

On  careful  examination,  and  especially  by  the  preparation  of  the  semi- 
carbazone  melting  at  202—203°,  it  was  soon  found  that  this  oil  was 
dihydrocamphoketone,  and  its  formation  in  the  manner  explained  is 
no  doubt  due  to  the  partial  decomposition  of  some  of  the  anhydride  of 
dihydrocamphoi'ic  acid,  which  must  be  present  in  the  fraction  of  the 
anhydrides  boiling  at  about  180 — -230°  (45  mm.). 

Oxidation  of  DiJiydrocmnphoTietone. 

This  experiment  was  carried  out  as  follows.  About  50  c.c.  of 
dilute  nitric  acid  (sp.  gr.  1-15)  was  heated  to  boiling  in  a  flask  into 
the  neck  of  which  a  condenser  had  been  ground,  the  flask  was  then 
removed  from  the  sand'  bath  and  5  grams  of  the  pure  ketone  added 
drop  by  drop  through  the  condenser  tube,  when  oxidation  took  place 
so  vigorously  that  the  liquid  was  kept  boiling  without  external 
application  of  heat.  When  all  the  ketone  had  been  added,  the  mix- 
ture was  kept  boiling  for  about  half  an  hour,  and  then  evaporated  on 
a  water  bath,  the  residue  being  treated  repeatedly  with  water  to 
ensure  the  removal  of  all  but  the  last  traces  of  the  nitric  acid. 
Finally,  the  residue,  which  on  standing  overnight  had  deposited 
crystals,  was  dissolved  in  water,  made  slightly  alkaline  with  ammonia, 
and  boiled  with  an  excess  of  calcium  chloride  solution.  The  filtrate 
from  the  precipitate  of  calcium  oxalate  thus  formed  was  acidified,  and 
the  solution,  after  being  saturated  with  ammonium  sulphate,  was 
extracted  25  times  with  pure  ether.  The  ethereal  solution,  dried 
by  calcium  chloride  and  evaporated  to  a  small  bulk,  was  left  for 
some  days  in  a  closed  vessel  at  0°,  when  crystals  of  succinic  acid 
melting  at  183°  separated. 

0-1278  gave  0-1914  CO^  and  0-0590  H.O.     C  =  40-82  ;  H  =  5-12. 
COOH-CH^-CH./COOH  requires  0  =  40-68  ;  H  =  5-10  per  cent. 

The  ethereal  filtrate  from  the  succinic  acid  was  evaporated  to  dry- 
ness and  the  syrupy  residue  (2-6  grams),  which  did  not  crystallise  even 
on  long  standing,  was  heated  with  excess  of  acetic  anhydride  for  1  hour. 
The  acetic  anhydride  was  then  very  slowly  distilled  off  and  the  residue 
fractionated  under  reduced  pressure,  when  nearly  2  grams  passed 
over  at  160 — 170°  (35  mm.)  as  a  moderately  thick  oil,  which  was 
insoluble  in  water,  but  dissolved  slowly  in  hot  potash  solution  :  that 
is,  it  had  the  properties  of  an  anhydride.  The  whole  was  now 
dissolved  in  a  little  pure  benzene,  the  solution  mixei  with  anilina 
(2  grams),  and  kept  at  0°  for  7  days  in  a  closed  vessel.     The  crystals 
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which  had  separated,  after  being  left  in  contact  with  porous  porcelain 
until  quite  colourless,  were  crystallised  from  dilute  alcohol,  by  which 
means  a  substance  melting  at  159°  was  obtained. 

0-0720  gave  3-5  c.c.  moist  nitrogen  at  17°  and  754  mm.     N^S'GO. 
COOH-CgH^a'CO-NH-CgHj  requires  N  =  5-62  per  cent. 

This  anilic  acid  was  heated  for  1  hour  in  a  sealed  tube  at  140°  with 
5  c.c.  of  a  solution  of  hydrogen  chloride  in  glacial  acetic  acid,  and 
the  pi'oduct,  after  being  allowed  to  evaporate  to  dryness  over  potash 
in  a  vacuum  desiccator,  was  dissolved  in  a  little  water,  saturated 
with  ammonium  sulphate,  and  extracted  with  ether  in  the  usual  way. 
The  oil  thus  obtained  rapidly  and  completely  solidified,  and  on  dis- 
solving it  in  a  few  drops  of  water,  saturating  with  hydrogen  chloride, 
and  allowing  it  to  stand,  it  deposited  colourless  crystals ;  these  were 
drained  on  porous  porcelain  and  dried  over  potash  in  a  desiccator, 
when  they  melted  at  94°, 

00875  gave  0-1760  CO2  and  0-0661  H,0.     C  =  54-85  ;  H  =  8-39. 
CgHj^O^  requires  C  =  55-18  ;  H  =  8-04  per  cent. 

The  properties  of  this  acid  point  to  its  being  identical  with  the 
trimethylglutaric  acid,  COOH-CH(CH3)-C(CH3)2-CH,-COOH,  which 
Balbiano  {Ber.,  1895,  28,  1507)  obtained  from  camphoric  acid,  as  this 
acid  melts  at  94 — 95°  and  gives  an  anilic  acid  melting  at  158 — 159°. 
Unfortunately,  the  quantity  of  our  pure  acid  was  not  sufficient  to 
allow  of  its  being  converted  into  the  anhydride,  as  the  melting  point 
of  this  would  have  conclusively  settled  the  question  of  the  identity  of 
the  two  acids. 

Fusion  of  Camphoric  Acid  with  Caustic  Soda. 

In  these  experiments,  4  kilos,  of  camphoric  acid  were  fused  in  quan- 
tities of  500  grams,  with  about  eight  times  its  weight  of  caustic  soda,  in  a 
precisely  similar  manner  and  in  the  same  apparatus  as  was  used  in  the 
potash  experiments.  The  slight  differences  in  behaviour  observed 
during  the  operation  were  the  following. 

1st.  The  action  was  apparently  much  more  vigorous,  and  great 
care  had  to  be  taken  in  order  to  prevent  the  melt  ^from  frothing 
over. 

2nd.  The  odour  of  menthol  mentioned  in  the  case  of  the  caustic  potash 
fusions  was  much  more  pronounced  in  this  case. 

3rd.  The  colour  of  the  cold  melt  was  pale  brown. 

4th.  The  whole  operation  lasted  a  somewhat  shorter  time,  namely, 
from  2J— 3  hours,  instead  of  from  3 — 3^,  as  in  the  case  of  the  fusion 
with  potash. 

Working  up  of  the  Froduct. — The  process  was  carried  out  exactly  as 
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desci'ibed  in  the  case  of  the  potash  melts  (p.  11).  The  following 
numbers  are  of  importance,  as  showing  roughly  the  difference  in  be- 
haviour of  camphoric  acid  when  fused  with  soda  as  compared  with  its 
behaviour  with  potash. 

The  weight  of  the  sodium  salts  obtained  by  neutralisation  and  sub- 
sequent evaporation  of  the  distillate  from  the  steam  distillation  was 
1|  kilos,  {potash  melts  4  kilos.),  and  the  weight  of  free  fatty  acids 
obtained  from  the  salts  was  715  grams  (potash  melts  2'3  kilos.). 

Volatile  Acids  formed  during  the  Fusion  of  Camj^horic  Acid  with  Soda. 
After  a  first  rough  fractionation  giving  the  following  numbers, 

Fraction.  Weight  in  grams. 

50—100°  71 

100—125  13 

125—135  10 

135—150  207 

above  150  360 

the  acids  were  dried  over  anhydrous  sodium  sulphate  and  frequently 
distilled,  the  process  of  drying  being  repeated  after  each  distillation. 
The  final  numbers  obtained  were 

Fraction.  Weight  in  grams. 

60—100°  7 

100—125  20 

125—135  13 

135—150  147 

above  150  383 

A  few  drops  of  the  fraction  100 — 125°,  when  warmed  with  concen- 
trated sulphuric  acid,  gave  off  a  gas  which  burnt  in  air,  and  was 
probably  carbon  monoxide,  pi-oduced  by  the  decomposition  of  formic 
acid  ;  but  the 'amount  was  small. 

The  acids  boiling  above  150°  yielded  the  following  fractions. 


Fraction. 

W 

eight  in 

grams. 

Fraction. 

Weight  in  grams. 

below  150° 

1 

200—210° 

33 

150—160 

1 

210—220 

42 

160—170 

16 

220—230 

46 

170—180 

38 

230—240 

71 

180—190 

51 

above  240 

52 

190—200 

35 

From  the  higher  fractions,  a  small  amount  of  solid  matter  separated 
which,  from  a  determination   of  its  melting   point,  was  proved  to  be 
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pimelic  (?so-propylsuccinic)  acid.  In  order  to  remove  this  substance, 
the  whole  of  the  acids  boiling  above  150°  were  dissolved  in  ammonia, 
and  subjected  to  steam  distillation  exactly  in  the  same  way  as  described 
in  the  purification  of  the  acids  from  the  potash  melts  (p.  13). 

The  accompanying  table  gives  the  results  obtained  after  this  treat- 
ment. 


Weight  in  grams  of 

"Weight  in  grams  of 

Weight  in  grams  of 

oil  got  from  the 

Fraction. 

acids  before  separation 

acids  after  separation 

residual  ammonium 

process  was  applied. 

process  was  applied. 

salts  after  steam 
distillation. 

150—160° 

1 

5 

160—170 

16 

18 

20 

170—180 

38 

28 

180—190 

51 

16 

1                .0 

190—200 

35 

29 

200—210 

33 

28 

) 

210—220 

42 

21 

}                  22 

220—2.30 

46 

30 

1 

230—240 

71 

68 

}         " 

above  240 

52 

13 

The  difference  in  the  weights  of  the  fractions  of  the  fatty  acids  obtained 
from  the  potash  and  soda  melts  respectively  is  so  marked  that,  for  the 
.sake  of  comparison,  the  following  data  are  here  inserted,  the  numbers 
given  being  the  weights  obtained  after  the  distillation  of  the  ammonium 
salts  in  steam.  For  this  purpose,  the  weights  have  been  put  in  per- 
centages, calculated  on  the  camphoric  acid  used,  this  being  necessary 
owing  to  the  fact  that  less  camphoric  acid  was  used  in  the  soda  than 
in  the  potash  fusions  ;  the  most  noticeable  differences  in  the  acids  from 
the  two  melts  are, 

1st.  The  large  amounts  of  the  lower  fractions  in  the  potash  melts 
as  compared  with  the  very  small  amounts  of  these  fractions  in  the  soda 
melts. 

2nd.  The  comparatively  large  amount  of  the  higher  fractions,  and  in 
particular  of  the  fraction  230 — 240°,  in  the  "  caustic  soda  "  acids  (see 
table,  p.  33). 

Residue  from  the  Steam  Bistillation.-^These  residues  were  worked 
up  as  already  described  in  the  case  of  the  potash  melts  (see  p.  11). 
When  the  "  crystalline  residue  from  partial  evaporation "  was  dis- 
solved in  acid,  a  thick,  black  scum  (A)  formed  on  the  surface,  which 
was  separated  by  filtration  ;  it  weighed  185  grams.  On  extracting 
the  filtrate  with  ether,  167  grams  of  a  nearly  colourless  oil  (B)  was 
obtained. 
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Caustic  Potash. 

Caustic  Soda. 

Fraction. 

Percentage  weight  in 

Percentage  weight  in 

grams  after  separation 

grams  after  separation 

by 

means  of  ammonia. 

by  means  of  ammonia. 

50—100° 

0-00 

0-17 

100—125 

14-02 

0-60 

125—135 

6-60 

0-30 

135—150 

5-70 

3-70 

150—160 

0-62 

0-10 

160—170 

0-50 

0-40 

170—180 

0-50 

0-70 

180—190 

0-70 

0-40 

190—200 

0-40 

0-70 

200—210 

0-86 

0-70 

210—220 

0-60 

0-50 

220—230 

1-08 

0-70 

230—240 

0-40 

1-70 

above  240 

0-12 

0-30 

The  "  residue  from  complete  evaporation "   gave    348  grams  of  a 
colourless  oil  (C). 

Volatile  Acids  Formed  in  the  Fusion  of  CanipJwric  Acid  with  Soda. 


contains   Acetic   Acid,  CHg'COOH. — The 


The  Fraction  100—125° 
fractions  100 — 125°  and  125 — 135°  were  dried  in  contact  with  con- 
centrated sulphuric  acid  and  refractionated  in  order  to  see  whether  any- 
acetic  acid  could  be  obtained.  After  repeated  distillation,  during 
which  most  of  the  already  small  fractions  passed  over  either  below 
100°  or  above  135°,  2'5  grams  boiling  between  116 — 120°  were  col- 
lected. On  converting  this  liquid  into  the  anilide,  the  product  was 
proved  to  be  acetanilide  from  its  melting  point  and  crystalline 
appearance. 

The  Fraction  135 — 150°  contains  Propionic  Acid,  CHg-CHg-COOH. — 
After  I'epeated  very  careful  fractionation  with  a  column,  an  acid  was 
isolated  which  distilled  constantly  at  140°,  and  was  evidently  propionic 
acid. 

0-1530  gave  0-2731  COo  and  0-1156  H2O.     0  =  48-62;  H  =  8-36. 
CgHgO^  requires  C  =  48-64 ;  H  =  8-10  per  cent. 

The  anilide  of  this  acid  was  prepared  by  heating  it  with  aniline  and 
recrystallising  the  product  from  light  petroleum  (b.  p.  100 — 120°) ;  the 
white  plates  thus  obtained  were  almost  insoluble  in  water,  more  soluble 
in  light  petroleum,  and  very  soluble  in  alcohol  and  ether.  The 
substance  melted  at  103 — 104°, 

VOL.   LXXIII.  D 
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0-2072  gave  16-8  c.c.  moist  nitrogen  at  15°  and  768  mm.     N  =  9-59. 
CgHj^NO  requires  1^  =  9  "SO  per  cent. 

The  melting  point  of  propionanilide  as  given  by  Sestini  (Zeit- 
schri/t/iirChemie,  1871,  35)  is  92°,  and  by  Kelbe  (Ber.,  1883,  16,  1200) 
as  105°.  A  specimen  of  the  anilide  which  we  prepared  from  pure  pro- 
pionic acid  and  pure  aniline  melted  at  103 — 104°,  and  was  identical 
with  the  anilide  obtained  by  us  as  described  above. 

The  Fraction  150—160°  contains  Isohutyric  Acid,  CH(CH3)2-COOH. 
After  repeated  fractionation  of  all  the  acids  boiling  between  150 — 180°, 
it  was  found  that  the  greater  portion  passed  over  between  150°  and 
160°  (30  grams).  Of  this  amount,  all  boiling  between  153 — 157°  was 
collected  separately,  and  a  portion  boiling  at  155°  submitted  to 
analysis,  when  numbers  were  obtained  which  indicated  that  the  acid 
was  iso-butyric  acid,  a  result  confirmed  by  the  examination  of  its 
properties. 

0-1112  gave  0-2210  CO,  and  0-0914  HgO.     C  =  54*22;  H  =  9-12. 
C4H3O2  requires  0  =  54-54  ;  H  =  9-09  per  cent. 

The  anilide,  prepared  from  this  acid  in  the  usual  way,  crystallised 
from  light  petroleum  (b.  p.  60 — 90°)  in  glistening,  white  needles, 
melting  at  105°. 

0-1058  gave  8  c.c.  moist  nitrogen  at  12°  and  754  mm.     N  =  8-90. 
CjoH^gNO  requires  N  =  8-59  per  cent. 

This  anilide  is  insoluble  in  cold  water,  but  melts  under  boiling  water 
to  an  oil  which  crystallises  on  cooling.  It  is  insoluble  in  cold  light 
petroleum  (b.  p.  60 — 90°),  but  dissolves  I'eadily  in  chloroform,  alcohol, 
ether  and  boiling  light  petroleum. 

Norton  {^Aiaer.  Chem.  J.,  7,  117)  describes  the  anilide  of  isobutyric 
acid  as  a  substance  easily  soluble  in  hot  water  and  melting  at  102-5°. 
As  the  melting  point  and  solubility  in  water  of  the  anilide  of  the  acid 
boiling  at  153 — 157°  did  not  agree  with  Norton's  observations,  some 
pure  isobutyranilide  was  made  from  pure  isobutyric  acid.  It  crystal- 
lised from  light  petroleum  (b.  p.  60 — 90°)  in  colourless,  feathery 
needles  which  melted  at  105°;  it  was  almost  insoluble  in  boiling 
water,  but  melted  to  a  colourless  oil  which  solidified  on  cooling,  and 
agreed  in  every  respect  with  the  properties  of  the  anilide  obtained 
from  the  acid  boiling  at  153 — 157°. 

The  calcium  salt  of  this  acid  was  prepared  by  boiling  the  purified  acid 
with  water  and  excess  of  calcium  carbonate ;  on  concentrating,  the 
tiltrate  deposited  colourless,  glistening,  feathery  needles,  which  were 
collected,  dried  by  exposure  to  air,  and  the  water  of  crystallisation 
determined. 
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0-2012  lost  0-0518  H,0  at  155°.     H20  =  25-74. 

{CJI^02).fsi,m.p  requires  H,0  =  25-17  per  cent. 
(CJl'^0^)lCii,oKlo  requires  HgO^  29-60  per  cent. 

This  number  is  practically  identical  with  the  one  obtained  for  calcium 
isobutyrate  from  the  potash  fusions  (p.  15).  A  calcium  determina- 
tion in  the  dry  salt  was  made. 

0-1506  gave  0-0976  CaSO^.     Ca=  19-05. 

(C^H,^02)2Ca  requires  Ca=  18*69  per  cent. 

It  was  pointed  out  in  discussing  the  acids  from  the  potash  melts 
(p.  15)  that  the  fraction  150 — 170°  could,  at  the  most,  only  contain 
traces  of  normal  butyric  acid  :  and  it  is  interesting  that,  in  the  case  of 
the  acids  from  the  soda  melts,  the  same  point  is  brought  out,  as, 
although  wo-butyric  acid  was  present  in  quantity,  no  butyric  acid 
could  be  detected. 


The  Investigation  of  the  Acids  from  the  Soda  Melts  boiling  between 
200°  and  250°. 

This  portion  of  the  acids,  which  weighed  about  160  grams,  was  ten 
times  carefully  fractionated,  when  the  following  fractions  were  obtained. 

195—200°=    9  grams.  225—230°=    9  grams. 

200—205  =7       „  230—235  =15       „ 

205—210  =14       „  235—240  =17       „ 

210—215  =15       „  240—245  =16       „ 

215—220  =8       „  245—250  =  10       „ 

220—225  =14       „  Residue      =4       „ 

The  acids  boiling  between  205°  and  215°  were  treated  exactly  in 
the  same  way  as  described  in  the  case  of  the  acids  from  the  potash 
melts  boiling  at  200 — 220°  {p.  18),  and  an  anilide  was  obtained 
which  melted  at  105°  and  was  sparingly  soluble  in  light  petroleum; 
on  analysis,  it  gave  the  following  results. 

01140  gave  6-6  c.c.  moist  nitrogen  at  13°  and  770  mm.     N  =  6-93. 
CeHjs-CO-NH-CeH^  requires  N  =  6-83  per  cent. 

The  anilide  (8  grams)  was  decomposed  by  heating  with  hydro- 
chloric acid,  and  the  liberated  fatty  acid  fractionated,  when  nearly  the 
whole  passed  over  at  209 — 210°,  and,  on  analysis,  gave  the  following 
result. 

0-1351  gave  0-3194  CO,  and  0-1304  H^O.     0  =  64-52;  H=  10-73. 
OgHjg-COOH  requires  0  =  64-62.     H  =  10-77  per  cent. 

D    2 
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The  silver  salt,  prepared  as  usual,  was  analysed. 

0-1197,  on  ignition,  gave  0-0542  Ag.     Ag=  45-28. 

CpHj3-C00Ag  requires  Ag  =  45*57  per  cent. 

It  is  therefore  clear  that  this  acid,  boiling  at  209 — 210°,  has  the 
composition  CgHj^'COOH,  and  as  the  boiling  point  of  the  acid,  and 
the  melting  point  and  general  proportion  of  its  anilide,  correspond 
exactly  with  those  of  the  corresponding  acid  and  anilide  derived  from 
the  potash  melts,  there  can  scarcely  be  a  doubt  that  the  two  acids  are 
identical. 

An  examination  of  the  table  given  at  the  head  of  this  section  would 
seem  to  indicate  that  a  fatty  acid  boiling  at  225°  was  present,  but 
after  repeated  fractionation,  the  boiling  point  gradually  rose,  until 
ultimately  the  principal  fraction  came  over  at  228 — 230°.  A  small 
quantity  boiling  at  229 — 230°,  collected  for  analysis,  gave  the  follow- 
ing numbers. 

0-1340  gave  0-3272  CO2  and  0-1336  H.,0.     0  =  66-59;  H  =  11-08. 
C.Hij-COOH  requires  0  =  66-66*;  H=  IMl  per  cent. 

It  is  very  probable  that  this  acid  is  the  same  as  the  acid  boiling  at 
230 — 232°  from  the  potash  melts,  but  owing  to  the  absence  of 
characteristic  derivatives,  there  appears  to  be  little  chance  of  deter- 
mining either  this  point  or  the  constitution  of  the  acid. 

Much  more  satisfactory  results  were  obtained  in  examining  the 
fraction  of  the  acids  boiling  between  235°  and  250°,  and  from  this, 
on  repeated  fractionation,  a  considerable  quantity  of  an  acid  was 
isolated,  which  boiled  remarkably  constantly  at  240 — 242°  and,  on 
analysis,  gave  the  following  results. 

0-1362  gave  0-3450  C02and  0-1260  H2O.  C- 69-01  ;  H  =  10-28. 
0-1100  „  0-2775  Cd!,  „  0-1040  H.O.  C  =  68-73  ;  H  =  10-50. 
0-1232     „     0-3104  CO2    „    0-1164  h'a       C  =  68-71  ;  H  =  1049. 

CgH^gOa  =  CgHij-COOH  requires  C  =  69-23  ;  H  =  10-25  per  cent. 

C9H18O2  =  CgHi/COOH  requires  C  =  68-35  ;  H  =  1 1-38  per  cent. 

The  silver  salt,  prepared  in  the  usual  way,  and  well  washed  with 
watei',  methylic  alcohol,  and  ether  was  analysed. 

0-2107  gave,  on  ignition,  0-0860  Ag.     Ag=  40-81 

CgHij'COOAg  requires  Ag  =  41-06  per  cent. 

These  analyses  (those  of  the  acid  in  particular)  clearly  show  that  the 
acid  obtained  from  the  soda  melts  and  boiling  at  240 — 242°  is  an 
unsaturated  acid  of  the  formula  CgHjj'COOH  ;  in  the  case  of  the 
potash  melts,  however,  the   acid    of  this  boiling  point,  although  con- 
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taining  traces  of  an  unsaturated  acid,  has  the  formula  CgHj^'COOH, 
and  is  a  saturated  acid.  It  will,  however,  be  shown  below  that  traces 
of  the  saturated  acid,  CgH^^'COOH,  are  present  in  the  unsaturated 
acid  from  the  soda  melts,  and  this  saturated  acid  is  no  doubt  identical 
with  that  obtained  from  the  potash  melts. 

The  solution  of  the  acid  CgHj^-COOH  in  dilute  soda  reduces  per- 
manganate instantly  in  the  cold,  and  also  slowly  decolorises  a  solution 
of  bromine  in  chloroform.  An  attempt  was  made  to  prepare  the 
dibromo-additive  product  of  the  acid,  by  exposing  a  weighed  quantity 
to  the  action  of  dry  bromine  vapour  in  the  dark,  and  then  removing 
the  excess  of  bromine  by  allowing  the  product  to  remain  for  some 
days  over  potash  in  a  vacuum  desiccator.  It  was  found  that  0'5017 
gram  of  the  oil  had  absorbed  0'6179  gram  of  bromine,  corresponding 
with  an  increase  in  weight  of  121  per  cent.,  whereas  on  the  assumption 
that  a  dibromo-acid  of  the  formula  CgH^.Bro'COOH  had  been  formed 
in  this  process,  the  increase  in  weight  should  have  been  115  per  cent. 
An  analysis  of  the  crude  product  gave  the  following  result. 

0-2300  gave  0-2954  AgBr.     Br  =  54-34. 

CgHj.Br^- COOK  requires  Br  =  50-63  per  cent. 

These  somewhat  high  results  are  explained  by  the  fact  that,  during 
the  bromination,  besides  addition,  a  certain  amount  of  substitution 
takes  place,  as  was  shown  by  the  formation  of  some  hydrogen  bromide 
during  the  experiment ;  nevertheless,  the  results  are  interesting  as 
confirming  the  unsaturated  nature  of  the  above  acid. 

Oxidation  of  the  Acid  CgH^g-COOH. — In  order  to  obtain,  if  possible, 
some  idea  of  the  constitvition  of  this  acid,  its  behaviour  towards 
oxidising  agents  was  investigated,  and  a  method  was  adopted  which 
had  been  found  to  give  valuable  results  in  a  somewhat  analogous  case, 
namely,  the  oxidation  of  the  acid,  first  with  alkaline  potassium  per- 
manganate, and  then  with  potassium  dichromate  and  sulphuric 
acid. 

Eleven  grams  of  the  acid  boiling  at  239—243°  were  dissolved  in  dilute 
sodium  carbonate,  the  solution  mixed  with  a  large  quantity  of 
powdered  ice  in  a  circular  porcelain  pan,  and  the  whole  stirred  with 
a  turbine  until  the  temperature  had  sunk  to  0°.  A  rapid  current  of 
carbonic  anhydride  was  now  passed  in,  and  then  a  cold  saturated 
solution  of  permanganate  run  in  drop  by  drop  until  the  colour  just 
remained  permanent.  The  product  was  heated  to  boiling,  and  after 
filtering  from  the  manganese  precipitate,  both  filtrate  and  washings 
were  evaporated  to  a  small  bulk.  The  concentrated  solution  was  then 
heated  to  70°  in  a  large  flask  on  a  water  bath,  and  a  solution  of 
potassium  dichromate  in  dilute  sulphuric  acid  run  in  in  small  quantities 
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at  a  time,*  until  no  further  action  seemed  to  take  place  ;  the  whole 
was  then  saturated  with  ammonium  sulphate  and  extracted  20  times 
with  ether. 

The  ethereal  solution  on  evajioration  deposited  a  viscid,  uninviting 
greenish  oil,  which  did  not  solidify  even  on  long  standing ;  ultimately, 
however,  a  crystalline  acid  was  isolated  from  it  in  the  following  way. 
The  crude  product,  mixed  with  water,  in  which  it  only  partially 
dissolved,  was  submitted  to  distillation  with  steam  until  oily 
drops  ceased  to  come  over ;  the  residue  in  the  distilling  flask  was  then 
boiled  with  soda  to  precipitate  any  chromium  present,  filtered,  the 
filtrate  evaporated,  acidified  and  again  extracted  with  ether.  The 
ethereal  solution,  after  drying  and  evaporating,  deposited  a  thick  oil 
which,  after  being  kept  for  some  weeks  at  0"",  deposited  about  1  gram 
of  a  solid  acid,  in  the  form  of  curious  nodular  masses.  These  crystals, 
after  being  freed  from  the  oily  mother  liquor,  by  spreading  the  semi- 
solid mass  on  porous  porcelain,  were  purified  by  recrystallisation  from 
hydrochloric  acid,  when  a  perfectly  colourless,  crystalline  acid  melting 
at  75^  was  obtained. 

0-1200  gave  0-2152  CO2  and  00757  H,0.     C  =  48-86 ;  H  =  7-00. 
CfiHjoO^  =  COOH-CH(CH3)-CH2-  CHg-GOOH  requires  C  =  49  32 ; 
H  =  6"85  per  cent. 

The  remainder  of  the  acid  was  converted  into  the  anhydride  by 
heating  with  acetyl  chloride,  and  from  this  the  anilic  acid  was  prepared 
in  the  usual  way,  and  recrystallised  from  dilute  methylic  alcohol.  The 
glistening,  crystalline  mass  thus  obtained  melted  at  113 — 115°,  and 
showed  all  the  properties  of  methylglutaric  acid. 

0-1238  gave  6-5  c.c.  moist  nitrogen  at  14°  and  765  mm.     ISr  =  6-20. 
^i2-f^i5^^3  I'equii'ss  N  =  6-33  per  cent. 

From  these  results,  itappears  that  the  unsaturated  acid,  CgHj^'COOH, 
when  oxidised  in  the  manner  described  above,  yields  a-methylglutaric 
acid  as  one  of  its  decomposition  products. 

The  oily  acid  which  had  been  separated  from  the  methylglutaric 
acid  by  distillation  with  steam,  as  explained  above,  was  exti-acted 
with  ether  and  carefully  fractionated,  when  nearly  half  a  gram  passed 
over  at  238 — 244°,  very  little  product  of  a  high  or  low  boiling  point 
being  present. 

The  fraction  which  did  not  reduce  permanganate  in  the  cold  was 
analysed. 

0-1508  gave  0-3754  CO2  and  0-1560  H^O.     0  =  67-87;  H  =  11-47. 
CgHj^-COOH  requires  C  =  6835  ;  H=  11-39  per  cent. 

*  During  the  early  stages  of  this  oxidation,  the  odour  of  acetone  was  distinctly 
noticeable. 
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There  can  be  no  doubt  that  this  acid  is  identical  with  the  acid, 
CgHj^'COOH,  obtained  from  the  potash  melts  and  boiling  at  240 — 242°, 
and  this  experiment  shows  that  the  unsaturated  acid,  CgHj^'COOH, 
from  the  soda  melts  contains  traces  of  this  saturated  acid. 


Acids  obtained  from  the  Eesidues  of  the  Steam  Distillation.     Pseudo- 
camphoric  Acid,  CjqHjqO^. 

The  first  treatment  of  the  residues  of  the  steam  distillation  from 
the  soda  melts  was  described  on  page  33,  and  in  subsequently 
working  up  the  various  products  then  obtained,  the  black  scum  A, 
weighing  185  grams,  was  first  investigated.  This  uninviting  looking 
mass  was  dissolved  in  ether,  the  ethereal  solution  washed  with  very 
dilute  hydrochloric  acid,  dried  over  calcium  chloride,  and  the  ether 
distilled  off ;  the  residue,  in  quantities  of  50  grams,  was  then  heated 
with  acetyl  chloride  (100  grams)  for  half  an  hour,  the  excess  of  the 
latter  distilled  off,  and  the  oils  thus  obtained  submitted  to  fractiona- 
tion under  a  pressure  of  46  mm.,  when  nearly  the  whole  passed 
over  between  200°  and  210°.  This  oily  distillate,  on  being  well 
shaken  for  some  time  with  excess  of  a  dilute  solution  of  caustic 
soda,  left  a  considerable  portion  undissolved  ;  this  was  extracted  with 
ether,  and  the  ethereal  solution  dried  and  evaporated,  when  it  de- 
posited crystals  of  camphoric  anhydride,  which  after  recrystallisation 
from  alcohol  melted  at  218°, 

0-1022  gave  0-2468  CO2  and  0-0718  H^O.     0  =  6587;  H  =  7-80. 
C^yH^^Og  requires  0  =  65-93  ;  H  =  7-69  per  cent. 

On  dissolving  the  anhydride  in  hot  potash  solution  and  acidifying, 
ordinary  f?-camphoric  acid  was  deposited ;  it  melted  at  183 — 184°,  and, 
in  alcoholic  solution,  had  a  rotatory  power  [a]D=  +41°. 

The  alkaline  solution  from  which  the  camphoric  anhydride  had 
been  removed  by  treatment  with  ether,  was  acidified  with  hydro- 
chloric acid  and  extracted  with  ether,  &c.  ;  the  oily  product  thus 
obtained  deposited  crystals  which,  after  being  purified  by  spreading 
them  on  porous  porcelain  and  repeated  recrystallisation  from  water, 
melted  constantly  at  119 — 120°,  and  gave  the  following  results  on 
analysis. 

0-1208  gave  0-2648  00.,  and  0-0890  H2O.     0  =  59*77  ',  H  =  8-19. 
0-1186     „     0-2602  00",    „    0-0844  H,0.     0  =  59-84  ;  H  =  7-93. 
0-1580     „     0-3486  002    »>    0-1149  HgO.     0  =  60-17 ;  H  =  8-0a. 
OiyHigO^  requires  0  =  60-00  ;  H  =  8-00  per  cent. 

This   very  interesting  acid  is  therefore  isomeric  with   camphoric 
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acid,  and  for  this  reason  we  have  called  it  pseudocamjjhoric  acid. 
Pseudocamphoric  acid  is  readily  soluble  in  hot  water,  crystallising 
out,  on  cooling,  in  colourless,  six-sided  plates  with  bevelled  edges, 
usually  in  stellate  groups  ;  it  is  also  readily  soluble  in  ether,  alcohol, 
and  benzene,  but  only  sparingly  in  light  petroleum.  The  solution  of 
the  acid  in  dilute  sodium  carbonate  does  not  decolorise  permanganate 
in  the  cold,  and  even  on  boiling  oxidation  takes  place  but  very 
slowly. 

Salts  of  Pseudocaviphoric  Acid. — The  silver  salt,  Cj,Hj^(C00Ag)2,  is 
obtained  as  a  sparingly  soluble,  white  precipitate  on  adding  silver 
nitrate  to  a  warm,  slightly  alkaline  solution  of  the  ammonium  salt  j 
after  being  well  washed  and  dried  at  100°,  it  was  analysed. 

0-2106  gave  0'2230  COo,  00650  H^O,  and  01094  Ag. 

C  =  28-91;  H  =  3-42;  Ag  =  51-94. 
Additional  silver  determinations  gave  Ag  =  51'76  and  51'86. 
C8Hi4(COOAg)2  requires  C  =  28-98  ;  H  =  3-38  ;  Ag  =  52-17  per  cent. 

The  neutral  solution  of  the  ammonium  salt  of  pseudocamphoric  acid 
shows  the  following  behaviour  with  reagents. 

Barium  nitrate,  no  precipitate. 

Copper  sidphate,  a  heavy,  pale  blue  precipitate. 

Calcium  chloride,  no  precipitate  in  the  cold,  but  on  boiling,  if  the 
solution  is  moderately  strong,  the  calcium  salt  separates  as  a  white, 
crystalline  precipitate. 

Lead  acetate,  a  heavy,  white,  very  insoluble  precipitate. 

It  was  noticed  during  these  experiments  that,  on  evaporating  a 
neutral  solution  of  the  ammonium  salt  in  the  water  bath,  it  becomes 
strongly  acid. 

Pseudocamphoric  Anhydride,  CgHj^^pz-v^^O. — In  order  to  determine 

whether  pseudocamphoric  acid,  like  camphoric  acid,  was  capable  of  form- 
ing an  anhydride,  the  pure  acid  (2  grams)  was  heated  with  acetyl  chloride 
(10  grams)  in  a  reflux  apparatus  for  15  minutes,  and  the  solution  then 
allowed  to  remain  over  solid  potash  in  a  vacuum  desiccator  until  the 
excess  of  acetyl  chloride  had  been  removed.  The  slightly  yellowish 
residue,  which  quickly  solidified,  was  left  in  contact  with  porous 
porcelain  until  colourless ;  it  melted  at  52 — 53°  and,  after  recrystal- 
lisation  from  light  petroleum,  at  53 — 54°. 

0-1524  gave  0-3664  CO,  and  0-1066  H,,0.     C  =  65-57;  H  =  7-77. 
CjoHj^Og  requires  C  =  65-93  ;  H  =  7*69  per  cent. 

Pseudocamphoric  anhydride  is  readily  soluble  in  the  usual  organic 
solvents,  with  the  exception  of  light  petroleum,  in  which  it  dissolves 
but  sparingly.     It  distils  without  decomposition,  and  the  distillate  on 
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cooling  at  once  solidifies  to  a  colourless,  crystalline  mass  melting  at 
52—53°. 

Pseudocaniphoranilic  Acid,  COOH'CgH^^'CO'NH'CgH.. — "When 
the  solution  of  pseudocamphoric  anhydride  in  benzene  was  mixed 
with  aniline,  the  mixture  became  warm  and  after  a  time  deposited  a 
few  crystals.  As  the  quantity  of  these,  however,  was  but  small,  the 
whole  was  heated  in  a  basin  on  the  water  bath  until  free  from  benzene, 
and  the  residue  mixed  with  ether  and  allowed  to  stand ;  the  white, 
sparingly  soluble  substance  which  separated  was  collected,  washed 
with  ether,  and  purified  by  recrystallisation  from  dilute  alcohol. 
The  colourless,  glistening,  crystalline  mass  obtained  in  this  way 
consisted  of  pure  pseudocaniphoranilic  acid,  as  the  following  analysis 
shows. 

0-2218  gave  10-3  c.c.  nitrogen  at  20"^  and  731  mm.     ISr  =  5-15. 
CjgHgjNOg  requires  N  =  5-09  per  cent. 

When  heated  moderately  rapidly  in  a  capillary  tube,  pseudocamphoi-- 
anilic  acid  melts  at  208°  without  decomposition  ;  it  is  almost  insoluble 
in  water,  benzene,  and  light  petroleum,  but  readily  soluble  in  hot 
alcohol  and  acetone.  When  heated  in  a  test  tube,  it  decomposes  at 
a  high  temperature,  with  elimination  of  water,  the  residue  distilling 
as  a  colourless  oil  which  solidifies  on  rubbing.  Unfortunately,  the 
amount  of  material  at  our  disposal  was  too  small  to  allow  of  the 
purification  of  this  crude  substance,  which  is  doubtless  the  anil  of 
pseudocamphoric  acid. 

Action  of  Sulphuric  Acid  on  Pseudocamphoric  Acid. 

As  camphoric  acid  when  heated  with  sulphuric  acid  is  converted 
into  sulphocamphylic  acid  with  evolution  of  carbon  monoxide,  C^QH-^gO^ 
+  HoSO^  =  CyH-^^S05  +  CO  +  2H.,0,  it  seemed  interesting  to  determine 
whether  pseudocamphoric  acid,  under  similar  conditions,  would  undergo 
an  analogous  decomposition. 

In  order  to  investigate  this  point,  pure  pseudocamphoric  acid  (0'5 
gram)  was  mixed  with  concentrated  sulphuric  acid  (3  c.c.)  and  the 
mixture  heated  at  100°  in  a  test  tube.  The  crystals  soon  dissolved 
and  the  solution,  which  at  first  was  nearly  colourless,  rapidly  became 
red  and  finally  black  ;  there  was  considerable  effervescence,  due  to 
the  evolution  of  carbon  dioxide,  and  some  sulphur  dioxide,  but  no 
trace  of  carbon  monoxide  could  be  detected.  As  at  the  end  of  10 
minutes  the  effervescence  had  ceased,  the  whole  was  poured  into  ice- 
cold  water,  when  it  gave  a  brown  solution  in  which  a  light  brown, 
flocculent  precipitate  was  suspended.     This  precipitate  was  collected, 
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but  its  nature  could  not  be  determined,  as,  although  a  sparingly 
soluble,  colourless,  crystalline  substance  resembling  paraxylic  acid  was 
obtained  from  it,  the  amount  was  too  small  for  analysis  or  further 
investigation.  The  filtrate  from  the  brown  precipitate  was  extracted 
several  times  with  ether,  and  the  ethereal  solution,  after  washing  and 
drying  over  calcium  chloride,  deposited,  on  evaporation,  a  slightly 
brownish  oil,  which  dissolved  readily  in  sodium  carbonate  ;  it  could 
not,  however,  be  obtained  in  a  crystalline  condition,  and,  therefore, 
was  not  analysed  :  it  did  not  contain  any  sulphur.  This  experiment 
shows  conclusively  that  pseudocamphoric  acid,  when  treated  with  sul- 
phuric acid,  does  not  yield  a  sulphonic  acid,  and  therefore  behaves 
differently  from  camphoric  acid. 

Oxidation  of  Pseudocamphoric  Acid. 

This  experiment  need  not  be  described  in  detail,  as  it  was  carried 
out  under  exactly  the  same  conditions  as  the  oxidation  of  dihydro- 
camphoric  acid  (p.  26),  the  quantities  used  being  pseudocamphoric  acid, 
1  "8  grams ;  caustic  soda,  1  gram ;  and  potassium  permanganate, 
4  grams  ;  oxidation  was  nearly  complete  after  5  weeks  at  the  ordinary 
temperature.  The  exchanged  pseudocamphoric  acid  (0'6  gram)  was 
isolated,  and  also  1*3  grams  of  a  thick,  yellow  oil,  which  from  its 
behaviour  with  bromine  and  potash  and  with  phenylhydrazine  evi- 
dently contained  a  ketonic  acid,  but  as  no  crystalline  derivative  could 
be  obtained  its  investigation  was  abandoned. 

Returning  to  the  investigations  of  the  oils  obtained  from  the 
residues  of  the  steam  distillation  of  the  soda  melts  (p.  33),  the  two 
products  B  and  C  were  mixed  and  treated  with  acetyl  chloride,  exactly 
as  described  in  the  case  of  the  similar  acids  from  the  potash  melts 
(p.  23).  After  distilling  off  the  excess  of  acetyl  chloride  and  fraction- 
ating under  reduced  pressure,  the  following  fractions  were  collected, 

150—175°     =150  grams 
175—200    \       onn 
200-240   I  =390  grams 

These  fractions  were  treated  separately  with  excess  of  dilute  soda, 
the  portion  remaining  insoluble  being  extracted  with  ether.  The 
combined  ethereal  solutions,  on  evaporation,  deposited  an  oil  which 
solidified  almost  completely  after  a  time  ;  the  crystals  of  c?-camphoric 
anhydride  thus  obtained,  after  crystallisation,  melted  at  218 — 219°. 

0-1140  gave  0-2745  COg  and  00769  H2O.     C  =  65-68;  H  =  7-50. 
C10H14O3  requires  C  =  65  93  ;  H  =  7-69  per  cent. 
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The  three  alkaline  extracts  were  also  mixed,  acidified  with  hydro- 
chloric acid  and  extracted  several  times  with  ether ;  the  residue  left 
on  evaporating  the  ethereal  solution  was  dissolved  in  a  slight  excess 
of  ammonia  and  boiled  with  calcium  chloride,  when  a  heavy,  white 
precipitate  of  calcium  pimelate  (isopropylsuccinate)  was  formed.  This, 
when  decomposed  by  hydrochloric  acid,  gave  large  quantities  of 
pimelic  acid  which,  after  reci-ystallisation  from  benzene,  melted  at 
115—116°. 

0-1008  gave  0-1940  CO^  and  0-0678  HgO.     C  =  52-47  ;  H  =  7-48. 
C^Hj^O^  requires  C  =  52*50 ;  H=  7*50  per  cent. 

The  filtrate  from  the  calcium  pimelate  was  treated,  in  the  first 
instance,  with  zinc  chloride  exactly  as  described  in  the  case  of  the 
potash  melts  (p.  24),  but  as  the  results  were  unsatisfactory,  the 
following  treatment  was  adopted.  The  concentrated  solution  of 
the  ammonium  salts,  after  acidifying,  was  extracted  with  ether  in 
the  usual  way,  and  the  thick  oily  product  distilled  under  a  pressure 
of  44  mm.,  collecting  the  fractions 

165—210°;  210—235°;  235—260°. 

The  first  of  these,  on  standing,  deposited  crystals  which,  after 
crystallisation  from  water,  melted  at  117 — 119°,  and  were  on  analysis 
found  to  consist  of  pseudocamphoric  acid. 

On  repeated  fractionation,  the  combined  fraction  210 — 260°  yielded 
a  considerable  quantity  of  a  very  thick  oil,  which  boiled  remarkably 
constantly  at  255 —  56°  (50  mm.),  and  on  analysis  gave  the  following 
results. 

0-1313  gave  0-2700  CO^  and  0-0951  H,A     0  =  56-09;  H  =  8-04. 
0-1293  gave  0-2645  Oo/and  0-0960  H2O''.    0  =  55-83  ;  H  =  8-  25  per  cent. 

We  were  for  a  long  time  very  much  puzzled  as  to  the  nature  of  this 
acid,  and  it  was  only  after  numerous  experiments,  extending  over  a 
long  period,  that  we  were  able  to  determine  its  composition. 

In  the  first  place,  we  found  that  the  oil  analysed,  although  boiling 
so  constantly  at  254 — 257°  (50  mm.),  was  nevertheless  not  quite  pure, 
as,  when  mixed  with  water,  in  which  the  bulk  of  the  substance  is 
excessively  soluble,  a  small  quantity  remained  undissolved,  even  after 
long  shaking.  In  order  to  get  rid  of  this  impurity,  the  whole  of  the 
oil  was  shaken  with  water,  filtered  from  the  small  quantity  of  un- 
dissolved oil,  the  filtrate  evaporated  to  a  small  bulk  on  the  water  bath 
at  a  temperature  of  about  70°,  and  the  residue  allowed  to  stand  over 
sulphuric  acid  in  a  vacuum  until  no  further  loss  in  weight  occurred. 
Three  analyses  of  the  colourless,  syrupy  residue,  obtained  in  two 
distinct  experiments,  gave  the  following  numbers. 
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0-1007  gave  0-2110  CO2  and  0-0748  HoO.     0  =  5714;  H  =  8-25. 
01247     „     0-2593  CO2    „    0-0938  h'^0.     C -56-71 ;  H  =  835. 
0-1123     „     0-2365  CO2    „    0-0853  H.p.     0  =  57-44;  H  =  8-43. 
OgHjgO^  i-equires  0  =  57-45;  H  =  8-51  per  cent. 

The  silver  salt  of  the  acid,  prepared  by  precipitating  the  slightly 
alkaline  solution  of  the  ammonium  salt  with  silver  nitrate,  is  a  white, 
insoluble  precipitate,  which,  after  washing  and  drying  at  100°,  gave  the 
following  results  on  analysis. 

0-2033  gave  0-2016  CO2,  0-0620  HA  and  0-1090  Ag. 

0  =  27-04;  H  =  3-39;  Ag  =  53-61. 
0  2070  gave  0-2094  OO2,  0-0635  H2O  and  0-0112  Ag. 

0  =  27-58;  H  =  3-40;  Ag  =  53-72. 
Additional  silver  determinations  gave  Ag  =  53-87,  53-58,  and  53-75. 
OgH^^O^ Ago  requires  0  =  26-86;  H  =  3-48;  Ag  =  53-73  per  cent. 

The  neutral  solution  of  the  ammonium  salt  of  this  acid  shows  the 
following  behaviour  with  reagents. 

Barium  chloride,  no  precipitate,  even  on  boiling. 

Calcium  chloride,  with  strong  solutions,  a  white,  gelatinous  precipitate 
but  this  dissolves  readily  in  water. 

Copper  sulphate,  a  bluish-green,  gelatinous  precipitate,  which  becomes 
caseous  on  warming. 

Lead  acetate,  a  heavy,  white,  amorphous  precipitate. 

The  anhydride  of  the  acid  was  prepared  by  boiling  the  acid  with 
excess  of  acetic  anhydride  for  two  days  in  a  reflux  apparatus,  and 
fractionating  the  product  under  reduced  pressure  (35  mm.);  the  colourless 
oil  thus  obtained,  which  was  far  less  viscid  than  the  acid,  boiled  at 
185—190° 

0-1345  gave  0-3142  00.,  and  0-0994  H.,0.     0  =  63-71 ;  H  =  8-21. 
0-1872     „     0-4368  OO2    „    0-1382  H^O.     0  =  63-66;  H  =  8-20. 
G^B.^S>^  requires  0  =  6353  ;  H  =  8-24  per  cent. 

From  the  results  given  above,  it  is  clear  that  the  oil  distilling  at 
254 — 257°  (50  mm.)  is  a  mixture  of  a  large  quantity  of  an  acid  of  the 
formula  OgHjgO^  with  a  small  quantity  of  an  oil  the  nature  of 
which  we  were  not  able  to  determine.  It  is  very  remarkable  that 
this  acid,  which  is  capable  of  forming  an  anhydride,  should  not  do  so 
at  the  high  temperature  at  which  it  was  distilled. 
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II. — Experiments  on  the  Synthesis  of  Camphoric  Acid. 

Part  I. 
By  William  Henry  Bentley  and  William  Henry  Perkin,  Jun. 

During  the  course  of  a  series  of  experiments  on  sulphocampliylic 
acid,  COOH-CsHi2-S03H,  on  which  one  of  us  has  been  engaged  for 
a  long  time,  many  results  have  been  obtained  which  are  very  difficult 
to  understand  if  we  assume  that  Bredt's  formula  for  camphoric  acid, 

CH(C00H)CH2 
(CH3),C  I 

CH3-C(C00H)— CH2 
is  correct. 

On  the  other  hand,  if  this  formula  be  slightly  modified  by  altering 
the  position  of  one  of  the  carboxyl  groups,  so  as  to  express  the 
constitution  of  camphoric  acid  thus, 

CH2 CH-COOH 

(CH3),C  I 

CH3-C(COOH)-CH2 

all  the  results  obtained  during  the  investigation  on  sulphocamphylic 
acid  may  be  readily  explained. 

As,  moreover,  it  appears  that  this  formula  is  capable  of  account- 
ing for  all  the  other  known  reactions  of  camphoric  acid,  it  seems  highly 
probable  that  it  may  actually  represent  the  constitution  of  camphoric 
acid. 

In  order,  if  possible,  to  decide  this  important  point,  experiments 
were  made  with  the  object  of  synthesising  an  acid  of  this  constitution, 
the  method  adopted  being  to  prepare,  in  the  first  place,  an  isobutyl- 
methylhydroxyglutaric  acid  of  the  formula 

CHo CH-COOH 

(CH3),CH*  I 

CHg-  C(0*H)(COOH)  •  CH2- 

and  then  to  endeavour  to  remove  the  elements  of  water  at  the 
points  *  *.  It  seemed  probable  that  this  might  be  effected  from 
the  consideration  that  the  elimination  of  water  in  this  way  would 
give  rise  to  a  5  carbon  ring — the  ring  which  is  supposed  to  be  capable 
of  the  most  ready  formation,  and  also  on  account  of  the  probability 
that  camphoric  acid,  which  is  such  an  exceedingly  stable  substance, 
would  be  very  likely  to  be  produced  if  the  conditions  necessary  for  its 
formation  presented  themselves. 

We  have  been  successful  in  preparing  isobutylmethylhydroxyglutaric 
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acid,  but  the  elimination  of  water  from  this  acid  in  the  direction 
shown  above  has,  so  far,  not  been  realised ;  it  is  to  be  hoped,  however, 
that  further  experiments  which  are  in  progress  may  yet  lead  to  the 
desired  result. 

The  starting  point  in  this  investigation  was  isobutylacetic  acid, 
CH(CH.,).,*CH.,*CH.,*COOH,  which  we  prepared  in  considerable 
quantity  in  the  usual  way  from  ethylic  isobutylmalonate  by  hydrolysis 
and  subsequent  distillation  of  the  isobutylmalonic  acid.  When  the 
product  formed  on  treating  this  acid  with  phosphorus  pentabromide 
and  bromine  was  poured  into  alcohol,  a  very  good  yield  of  ethylic 
a-bromisobutylacetate,  CH(CH3)2-CHo-CHBr-COOC2H5,  was  obtained 
as  a  colourless  oil  boiling  at  100 — 103°  (17mm.). 

If  now  the  sodium  compound  of  ethylic  acetoacetate  be  digested  in 
alcoholic  solution  with  this  brominated  ethereal  salt,  reaction  takes 
place  readily  with  elimination  of  sodium  bromide,  ethylic  acetyliso- 
butylsuccinate,  a  colourless  oil  boiling  at  160°  (25  mm.)  being  produced, 
according  to  the  equation, 

CH(CH3)2-CH2-CHBr-COOC2H5   +   CHa-CO-CHNa-COOC^Hs   = 
CH(CH3)2-CH2-CH.COOC2H5        ^^^^ 
CHa-CO-CH-COOOgHg 

The  hydrolysis  of  this  ethereal  salt  by  means  of  hydrochloric  acid 
was  next  investigated,  and  after  many  experiments  it  was  found  that 
the  course  of  the  hydrolysis  did  not  always  go  in  the  same  direction, 
the  nature  of  the  products  depending  principally  on  the  strength  of 
the  acid  employed.  If  the  hydrolysis  is  effected  by  boiling  with 
dilute  hydrochloric  acid,  the  principal  products  of  the  reaction  are 
isobutylsuccinic  acid  and  acetic  acid. 

CH(CH3)2-CH.,-CH-COOC2H5 

CH.-CO-CH-COOCX   +    ^^2^   = 
CH(0H,),.CHv9H.C00H     ^  ^jj^.^^OH   +   SCft-OH, 

On  the  otlier  hand,  boiling  with  concentrated  hydrochloric  acid  decom- 
po.ses  the  ethereal  .salt  in  a  different  manner,  isobutyllevulinic  acid 
being  produced. 

CH(CH3)2-CH2-CH.COOC2H,    ,    or  O   = 
CH./CO-CH-COOCaH^  ^ 

CH(CH,)2-CH2-CH-COOH    ,    ^^      ,    2C  H -OH 

Isobutyllevulinic  acid,  which  is  a  viscid,  odourless  oil  boiling  at  about 
190°  (30  mm.),  shows  all  the  properties  of  a  ketonic  acid,  since,  in  ad- 
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dition  to  dissolving  in  alkalis,  it  yields  a  well-defined  semicarbazone, 
NH,-C0-NH-N:C(CH3)-CH2-CH(C00H)-CH2-CH(CH3)2,  melting  at 
192°.  Its  constitution  is  proved  by  the  fact  that  when  oxidised  by 
bromine  in  the  presence  of  potash,  it  gives  an  almost  quantitative  yield 
of  isobutylsuccinic  acid, 

CH(CH3)2-CH2-CH.COOH  OH(CH3)2-CH2-CH.COOH 

CHg-CO-CHa  ^  C00II-CH2 

The  next  step  was  to  investigate  the  action  of  hydrocyanic  acid  on 
isobutyllevulinic  acid,  and  it  was  ultimately  found  that,  if  the  con- 
ditions given  in  this  paper  are  observed,  addition  readily  takes  place 
with  formation  of  isobutylhydroxycyanovaleric  acid. 

CH3-C(OH)(CN)-CH2-CH(C4H9)-COOH. 

Thishydroxycyanide  is  a  crystalline  substance  which  melts  at  95 — 96°, 
and  on  distillation  is  decomposed  with  loss  of  water  and  formation  of 
the  corresponding  lactone  which  melts  at  63°, 

CH3-C(CN)-CH2-CH-0,H9, 
6 CO 

a  behaviour  which  was  to  be  expected,  since  the  hydroxycyanide  is  at 
the  same  time  a  y-hydroxy-acid. 

The  hydrolysis  of  the  hydroxycyanide  was  carried  out  by  saturating 
its  alcoholic  solution  with  hydrogen  chloride,  and  in  this  way  an 
ethereal  salt  was  obtained  which  was  doubtless  the  ethereal  salt  of 
isohutylmethylhydroxyglutaric  acid, 

CHg-  C(OH)(COOC2H5)  •  CH2-  CH(C4H9)  •  COOC2H5, 
but  if  this  ethereal  salt  be  distilled  under  reduced  pressure  (17  mm.), 
an  oil  passes  over  at  168°  which,  on  analysis,  proved   to  be  the  ethylic 
salt  of  the  lactone  of  isohutylmethylhydroxyglutaric  acid^ 

CH3-C(C0002H,)-CH2-CH.C,H„ 
O CO 

alcohol  having  been  eliminated  during  the  distillation.  From  the 
ethylic  salt,  isohutylmethylhydroxyglutaric  acid, 

CH3-C(OH)(COOH)-CH2-CH(04Hg)-COOH, 
is  readily  obtained   by  hydrolysing   it  with   alcoholic  potash  and  pre- 
cipitating the  cold  solution  with  hydrochloric  acid  ;  it  is  a   beautifully 
crystalline  substance  which  melts  at  134°  with  elimination  of  water 
and  formation  of  the  lactone,     CH3-C(COOH)-CH2'CH-0,H9. 

O CO 

The  latter,  which  is  best  prepared  by  treating  the  hydroxydibasic 
acid  with  acetyl  chloride,  is  crystalline,  and  melts  at  about  80°.  When 
dissolved  in   potash,  it  is   converted  into    the  potassium  salt  of    the 
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hydroxy-acid,  and  this,  on  acidifying  in  the  cold,  yields  the  free  acid, 
showing  that  this  y-hydroxy-acid  is  not  so  readily  converted  into  its 
lactone  as  is  the  case  with  most  y-hydroxy-acids. 

The  following  experiments  were  instituted  in  order,  if  possible,  to 
obtain  either  camphoric  acid  or  an  isomeride  by  the  elimination  of 
water  from  isobutylmethylhydroxyglutaric  acid  in  the  manner  indicated 
at  the  commencement  of  this  paper,  but  so  far  we  have  been  unable 
to  obtain  the  desired  result. 

I.  The  diethylic  salt  of  the  acid,  prepared  from  the  silver  salt  by 
the  action  of  ethylic  iodide,  was  distilled  under  the  ordinary  pressure, 
when  the  whole  passed  over  at  290°  as  a  colourless  oil ;  this,  on 
analysis,  was  found  to  consist  of  the  ethylic  salt  of  the  lactone  of  the 
hydroxy-acid,  alcohol  having  been  eliminated  during  the  operation. 

II.  The  diethylic  salt  was  left  in  contact  with  excess  of  phosphorus 
pentoxide  for  eight  days,  and  the  product,  after  extraction  with  ether, 
was  fractionated  under  the  ordinary  pressures  ;  in  this  case,  also,  the 
distillate  was  found  to  consist  of  the  ethylic  salt  of  the  lactone  acid. 

III.  In  order,  if  possible,  to  prevent  the  formation  of  the  lactone, 
the  hydroxy-dibasic  acid  was  fused  with  potash  at  about  300°,  at  which 
temperature  camphoric  acid,  if  formed,  would  remain  unattacked.  It 
was,  however,  found  that,  during  this  experiment,  the  hydroxy-acid  had 

en  completely  decomposed,  isobutylsuccinic  acid  being  produced. 

IV.  The  carefully  dried  silver  salt  of  the  hydroxy-dibasic  acid  was 
submitted  to  distillation  under  reduced  pressure.  An  oily  distillate 
was  obtained  which,  on  refractionation,  gave  a  large  quantity  of  a 
fraction  220 — 222°  (30  mm.) ;  this,  which  solidified  on  standing,  was 
found  to  be  the  lactone  of  the  hydroxy-acid. 

Several  other  substances  of  interest  which  were  obtained  during  the 
course  of  this  investigation  are  described  in  this  paper. 

Isohutylacetic  Acid,  CH(CH3)2-CH.2-CH./COOH. 

This  acid  has  already  been  prepared  synthetically  by  the  hydrolysis 
of  isoamylic  cyanide  with  alkalis  (Frankland,  Kolbe,  Annalen,  65, 
303),  and  also  by  the  hydrolysis  of  ethylic  isobutylacetoacetate  with 
baryta  (Rohn,  Annalen,  1878, 190,  316);  the  isohutylacetic  acid  which 
was  employed  in  this  research  was  prepared  from  isobutylmalonic  acid, 
a  method  which  does  not  appear  to  have  been  described,  and  which  we 
found  to  yield  the  acid  in  a  very  pure  state. 

Ethylic  isobutylmalonate  was  prepared  in  the  usual  way  by  treating 
ethylic  sodiomalonate  with  isobutylic  bromide  (compare  Guthzeit, 
Annalen,  1881,  209,   236),  and  after  careful  fractionation  *  the  pure 

*  During  the  fractionation,  a  small  quantity  of  an  oil  of  high  boiling  point, 
ethylic  di-isobutyl  malonate  (see  p.  61),  is  always  obtained. 
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ethereal  salt  was  bydrolysed  by  boiling  with  excess  of  alcoholic  potash 
for  four  hours.  After  being  mixed  with  water  and  freed  from  alcohol  by 
evaporation,  the  residue  was  dissolved  in  a  little  water,  acidified,  and 
extracted  six  times  with  pure  ether  ;  the  ethereal  solution  was  then 
dried  over  calcium  chloride,  evaporated,  and  the  residual  crude  isobutyl- 
malonic  acid  decomposed  by  distillation.  In  this  way,  about  70  per  cent, 
of  the  theoretical  yield  of  pure  isobutylacetic  acid  was  readily  obtained 
as  a  colourless,  disagreeably-smelling  oil  boiling  constantly  at 
200—201°. 

0-1840  gave  0-4191  CO.,  and  0-1738  H^O.    0  =  62-12;  H  =  10-48. 
CjH^i-COOH  requires  C  =  62-07  •  H=  10-35  per  cent. 

Ethylic  Bromisohutylacetate,  CH(CH3)2*CH2-CHBr-COOC2H5. — In 
order  to  prepare  this,  isobutylacetic  acid  (85  grams)  was  mixed  with 
phosphorus  pentabromide  (127  grams),  and  after  some  time  dry  bromine 
(140  grams)  was  added  in  small  quantities  at  a  time,  and  the  mixture 
heated  at  50°  for  about  2  hours,  until  the  evolution  of  hydrogen 
bromide  had  nearly  ceased  ;  the  temperature  was  then  raised  to  100° 
in  order  to  drive  off  the  last  traces  of  bromine.  When  cold,  the  pro- 
duct was  poured  into  alcohol  and  the  whole  allowed  to  stand  over- 
night. A  large  quantity  of  water  was  then  added,  the  heavy  oil 
which  was  precipitated  was  extracted  with  ether,  and  the  ethereal 
solution,  after  being  washed  with  sodium  carbonate  solution  and  with 
water,  was  dried ;  the  ether  was  then  distilled  off,  and  the  oily 
residue  fractionated  under  reduced  pressure.  Pure  ethylic  bromiso- 
hutylacetate is  thus  readily  obtained  as  a  heavy,  colourless,  pleasant- 
smelling  oil  which  boils  at  100 — 103°  (17  mm.)  and  has  properties 
similar  to  other  ethereal  salts  of  a-bromo-fatty  acids.  The  yield  is 
about  90  per  cent,  of  the  theoretical, 

0-1522  gave  01280  AgBr.     Br  =  35-78. 

Q^^-GKBvGOOC^^  requires  Br- 35-87  per  cent. 

Mhylxc  AcetiinsoouMsuccinate,        \       3/2        2   |  ^    5_ 

CHg-CO-CH-COOCaHg 

This  is  produced  by  the  interaction  of  ethylic  a-bromisobutylacetate 
with  ethylic  sodacetoacetate,  as  explained  in  the  introduction  of  this 
paper.  Sodium  (11-5  grams)  was  dissolved  in  alcohol  (130  grams), 
the  solution  mixed  with  ethylic  acetoacetate  (65  grams),  ethylic  brom- 
isobutyl  acetate  (112  grams)  added,  and  the  mixture  heated  for  12 — 15 
hours  in  a  reflux  apparatus  on  the  water  bath.  The  product,  when 
cold,  was  mixed  with  water  and  extracted  with  ether,  &c.,  the  residue 
being  fractionated  under  reduced  pressure  (25  mm.).  The  ethylic 
acetylisobutylsuccinate  commences  to  distil  at  140°,  almost  the  whole 
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passing  over  between  140''  and  180°;  a  small  quantity  of  oil  boiling 
at  200 — 230°  was,  however,  obtained  in  each  case,  but  this  was  not 
examined. 

The  fraction  boiling  at  140 — 180°  varies  from  65 — 70  per  cent,  of 
the  theoietical ;  a  small  portion  of  this,  which  was  specially  collected, 
distilled  at  about  160°  (25  mm.)  and  gave  the  following  numbers  on 
analysis. 

0-1188  gave  0-2660  CO2  and  0-0935  H^O.    C- 61-06  ;  H  =  8-74. 

Ethylic  acetylisobutylsuccinate  requires  0  =  61-76  ;  H  =  8-82  per  cent. 
Other  analyses  gave  a  similar  result,  and  it  was  subsequently  ascer- 
tained that  the  somewhat  low  numbers  found  were  due  to  the  substance 
containing  traces  of  bromine  (see  p.  65). 

Hydrolysis  of  Ethylic  Acetylisohitylsuccinate.     Formation  of  Isobutyl- 

succimc  Acid,         \       <j/^         ^    I  cma   of    a-lsooutyllevu- 

CH^-COOH 

;.   .    ,  .;  CH(CHA-CH,-CH-COOH 
linic  Acid,         V       d/j         J    I 

CH3-CO-CH2 

a.  The  hydrolysis  of  ethylic  acetylisobutylsuccinate  with  dilute 
hydrochloric  acid  yields  isohutylauccinic  acid. 

The  fraction  of  the  ethereal  salt  boiling  at  about  150 — 155°  (20  mm.) 
and  weighing  48  grams  was  digested  for  about  15  hours  in  a  reflux 
apparatus  with  220  grams  of  dilute  hydrochloric  acid  (1  acid  :  2  of 
water),  but  even  after  boiling  for  this  length  of  time,  comparatively 
little  of  the  ethereal  salt  had  been  hydrolysed.  The  liquid  was  ac- 
cordingly extracted  several  times  with  ether,  and  the  ethereal  solution 
repeatedly  shaken  with  small  quantities  of  sodium  carbonate ;  the 
aqueous  solution,  after  being  separated  from  the  ether,  was  acidified 
and  again  extracted  with  ether.  This  second  ethereal  solution,  after 
being  dried  and  evaporated,  left  a  yellowish  oil  which  soon  solidified. 
The  crude  crystalline  mass,  after  being  left  in  contact  with  porous 
porcelain,  was  purified  by  crystallisation  from  water,  when  it  separated 
in  colourless  prisms  which  molted  at  109°,  and  gave  off  water  at 
about  150°. 

0-1172  gave  0-2368  CO2  and  0-0854  HgO.     C  =  55-10;  H  =  809. 
CsHj^O^  requires  C  =  55-17  ;  H  =  8-04  per  cent. 

It  seemed  likely  that  this  acid  was  isobutylsuccinic  acid,  identical 
with  the  acid  which  Demargay  {Ann.  Chim.  Ph.,  [v],  20,  492)  ob- 
tained by  the  reduction  of  isobutylfumaric  acid,  and  for  which  he  gives 
the  melting  point  103 — 104°.  As,  however,  it  was  important  to  be 
quite  sure  of  the  identity  of  our  acid,  we  prepared  isobutylsuccinic  acid 


SYNTHESIS   OF   CAMPHORIC   ACID.      PART    I.  51 

by  a  method  which  left  no  doubt  as  to  its  constitution,  namely,  the 
action  of  ethylic  monochloracetate  on  ethylic  isobutylsodiomalonate  ; 
the  acid  prepared  in  this  way  melted  at  109°,  and  has  all  the  properties 
of  that  obtained  by  the  hydrolysis  of  ethylic  acetylisobutylsuccinate. 

The  amhc  acid,        v       3/2         2    ,  n\    was  pre- 

pared  from  both  specimens  by  the  following  method.  The  acid 
(1  gram)  was  heated  with  a  few  grams  of  acetyl  chloride  for  half  an 
hour,  the  liquid  placed  over  solid  potash  in  a  vacuum  desiccator  until 
the  excess  of  acetyl  chloride  had  been  removed,  and  the  oily  residue 
dissolved  in  a  little  benzene  and  mixed  with  aniline  (1  gram)  ;  the 
crystals  which  soon  separated  on  standing  were  collected,  dried  on  a 
porous  plate,  and  purified  by  crystallisation  from  benzene  mixed  with 
a  little  alcohol  ;  the  isobutylsuccinanilic  acid  was  thus  obtained  in 
glistening  plates  melting  at  138 — 139°. 

0-1792  gave  9-1  c.c.  nitrogen  at  17°  and  745  mm.     N  =  5-82. 
C^^H^gNOg  requires  N  =  5-62  per  cent. 

The  same  anilic  acid  was  obtained  from  both  preparations  of  iso- 
butylsuccinic  acid ;  subsequently  it  was  also  discovered  that  iso- 
butylsuccinic  acid  is  formed  when  ethylic  acetylisobutylsuccinate  is 
hydrolysed  by  heating  it  with  a  mixture  of  sulphuric  acid,  acetic  acid, 
and  a  little  water. 

h.  The  hydrolysis  of  ethylic  acetylisobutylsuccinate  with  strong 
hydi'ochloric  acid  results  mainly  in  the  formation  of  isohutijllevulinic 
acid.  After  numerous  experiments  had  been  tried  in  order  to 
ascertain  the  most  favourable  conditions  for  the  formation  of  iso- 
butyllevulinic  acid,  the  following  method  was  adopted.  Ethylic  acetyl- 
isobutylsuccinate was  digested  in  a  reflux  apparatus  with  about  four 
times  its  volume  of  concentrated  hydrochloric  acid  for  10  hours,  but  a 
portion  only  of  the  ethereal  salt  was  hydrolysed.  The  product  was 
shaken  several  times  with  ether,  and  the  isobutyllevulinic  acid 
separated  from  the  unchanged  ethereal  salt,  by  extracting  the  ethereal 
solution  with  strong  sodium  carbonate  solution,  the  ethylic  salt 
recovered  from  the  ethereal  solution  by  evaporation  being  again  sub- 
mitted to  hydrolysis  as  before ;  these  operations  were  repeated  until 
the  concentrated  hydrochloric  acid  had  no  further  action  on  the  oily 
layer  (see  p.  65).  The  combined  sodium  carbonate  extracts  were  then 
acidified  and  extracted  repeatedly  with  ether,  &c.,  and  the  oil  thus 
obtained  was  purified  by  distillation  under  reduced  pressure  ;  almost 
the  whole  distilled  between  160°  and  180°  (20  mm.),  and  consisted  for 
the  most  part  of  the  ketonic  acid,  as  the  following  analysis  shows. 

0-101  gave  0-2278  COg  and  0-0770  H2O.     0  =  61-51 ;"  H  =  8-47. 
Isobutyllevulinic  acid,  CgHigOg,  requires  C  =  62-79  ;  H  =  9-30  per  cent. 

E  2 
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From  this  crude  product,  pure  isobutyllevulinic  acid  may  be  readily 
obtained  by  converting  it  into  the  semicarbazone,  purifying  this,  and 
subsequently  decomposing  the  pure  semicarbazone  by  means  of  hydro- 
chloric acid. 

Semicarbazone  of  Isohutyllevulimc  Acid, 

CH(CH3)2-  CH^-  CH-  COOH 
NH,- CO -nh-n:  CXCHgVcH, 

— This  is  readily  prepared  by  adding  the  crude  ketonic  acid  (30  grams), 
dissolved  in  a  little  alcohol,  to  a  strong  solution  of  semicarbazide 
hydrochloride  (20  grams)  and  sodium  acetate  (32  grams),  stirring  the 
mixture  vigorously,  and  heating  to  boiling  for  a  few  minutes ;  on  cool- 
ing, a  crystalline  mass  separates,  which  is  collected,  dried  on  a  porous 
plate,  and  recrystallised  from  70  per  cent,  alcohol ;  it  is  thus  obtained 
in  glistening  plates  melting  at  192°  with  decomposition. 

0-1594  gave  25-4  c.c.  nitrogen  at  16°  and  762  mm.     N=  18-63. 
C^pH^gNgOg  Tequlrcs  ]S[  =  18-34  per  cent. 

The  semicarbazone  of  isobutyllevulinic  acid  is  almost  insoluble  in 
water,  benzene,  and  light  petroleum,  but  dissolves  readily  in  alcohol 
and  in  acetic  acid.  It  is  readily  decomposed  by  hydrochloric  acid  into 
semicarbazide  hydrochloride  and  isobutyllevulinic  acid. 

The  pure  semicarbazoue  (20  grams)  was  heated  on  the  water  bath 
with  hydrochloric  acid  (30  c.c.  of  sp.  gr.  1-1)  and  water  (30  c.c.)  until 
the  crystals  had  been  entirely  decomposed  and  changed  to  an  oil  ; 
the  product  was  then  extracted  with  ether  in  the  usual  way,  and  the  oily 
residue  fractionated  under  reduced  pressure.  The  whole  distilled  at 
about  190°  (30  mm.)  as  a  colourless  oil,  consisting  of  pure  isobutyl- 
levulinic acid. 

0-1150  gave  0-2646  CO2  and  0-0964  H2O.     C  =  62-75;  H  =  9-31. 
CgHj^Og  requires  C  =  62-79  ;  H  -  9-30  per  cent. 

Oxidation  of  Pure  Isohutyllevidinic  Acid  by  means  of  Potassium  Hypoh'O- 
inite.     Formation  of  I sobuty  I  succinic  Acid. 

It  has  already  been  pointed  out  (p.  50)  that  isobutylsuccinic  acid 
is  formed  in  considerable  quantity  during  the  hydrolysis,  by  means  of 
dilute  hydrochloric  acid,  of  that  portion  of  the  proriuct  of  the  action  of 
ethylic  bromoisobutylacetate  on  ethylic  sodacetoacetate  which  boils  at 
150 — 155°  (20  mm.),  and  the  formation  of  this  acid  proves  that  this 
oily  product  contains  ethylic  acetoisobutylsuccinate. 

It  seemed,  however,  quite  likely  that  this  oil  might  contain  a 
second  isomeric  constituent  formed  by  the  elimination  of  hydrogen  bro- 
mide from  ethylic  bromisobutylacetate,  and  the  subsequent  condensa- 
tion of  the  ethylic  /3-isopropylacrylate  CH(CH3)2-CH:CH-C00C2H5, 
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thus  formed,  with  the  ethylic  acetoacetate,  a  series  of  reactions  which 
have  been  repeatedly  noticed  in  cases  analogous  to  the  above. 

Since,  then,  it  was  possible  that  the  substance  we  call  isobutyllevuli- 
nic  acid  might  have  been  derived  from  this  second  constituent,  it 
became  necessary,  before  using  this  acid  for  synthetical  work,  to  be 
quite  sure  as  to  its  constitution,  and  this  was  proved  by  oxidising  the 
acid  to   isobutylsuccinic  acid    by   means    of    potassium  hypobromite. 

Some  of  the  ketonic  acid  which  had  been  regenerated  from  the  pure 
carbazone  was  dissolved  in  a  considerable  excess  of  strong  potash  solution 
and  bromine  added  until,  on  standing  for  an  hour,  the  solution  liberated 
iodine  from  a  solution  of  potassium  iodide.  The  first  drop  of  bromine 
produced  a  turbidity  in  the  alkaline  solution  and  then  an  oil  separated 
which  ultimately  solidified ;  this,  which  consisted  of  carbon  tetrabromide, 
was  removed  by  filtration,  the  solution  acidified  with  hydrochloric  and 
sulphurous  acids,  and  the  oily  acid  extracted  with  ether.  After  dis- 
tilling off  the  ether,  an  almost  colourless  oil  was  left,  which  showed  no 
signs  of  solidifying  ;  when,  however,  it  had  been  dissolved  in  dilute 
sodium  carbonate,  the  solution  boiled  with  animal  charcoal,  filtered,  and 
the  filtrate  acidified  and  allowed  to  stand  for  some  days  in  a  cold  place, 
the  acid  was  deposited  in  a  semi-solid  state,  and  in  contact  with  porous 
porcelain  became  quite  hard.  After  being  purified  by  recrystallisation 
from  water,  pure  isobutylsuccinic  acid  was  obtained  in  colourless  plates 
melting  at  109°. 

0-1364  gave  0-2748  CO.3  and  0099  H.,0.     C  =  54-95;  H  =  8-06. 
CgHi^O^  requires  C  =  55-17  ;  H  =  8-04  per  cent. 

The  identity  of  this  acid  was  further  demonstrated  by  converting  it 
into  isobutylsuccinanilic  acid  and  isobutylsuccinanil,  which  were  found 
to  be  identical  with  the  substances  obtained  from  synthetical  isobutyl- 
succinic acid  (see  p.  51). 

Action  of  Hydrogen  Cyanide  on  a-Isohutyllevulinic  Acid.     Formation  of 

a-Isohutyl-yy-hydroxycyanovaleric  Acid, 

CHg-  C(OH)(CN)  •  CHg-  CH(C4H9)  •  COOH. 

In  the  first  experiments  on  the  action  of  hydrogen  cyanide  on  isobutyl- 
levulinic  acid,  the  pure  ketonic  acid  prepared  from  the  semicarbazone 
was  employed,  and  it  was  then  found  that  this  reaction  gave  rise  to  a 
solid  hydroxycyanide  and  an  oil  containing  much  nitrogen ;  the  latter 
was  at  first  thought  to  be  a  stereoisomeric  modification  of  the  solid 
cyanide. 

Subsequently,  when  it  was  found  that  it  was  unnecessary  to  employ 
such  carefully  purified  ketonic  acid,  the  usual  method  of  procedure  was 
as  follows. 
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Isobutyllevulicic  acid  (b.  p.  185 — 195°  at  30  mm.),  in  quantities  of  30 
grams,  was  mixed  with  water  (45  grams),  and  pure  potassium  cyanide 
(18  grams)  added  in  small  quantities  at  a  time,  the  whole  being 
cooled  in  a  freezing  mixture  during  the  operation.  The  mixture,  which 
soon  became  almost  solid,  was  allowed  to  stand  for  about  an  hour,  and 
concentrated  hydrochloric  acid  (12  grams)  then  added,  care  being 
taken  that  the  temperature  did  not  rise  much  above  0°.  After  2 
hours,  more  hydrochloric  acid  (30  gi*ams)  was  added,  and  the  whole  kept 
at  0°  for  about  20  hours.  At  the  end  of  this  time,  it  was  seen  that  the 
oil  which  separated  on  adding  the  second  quantity  of  hydrochloric  acid 
had  almost  completely  solidified  ;  this  semi-solid  mass,  after  being 
washed  and  left  in  contact  with  porous  porcelain  until  quite  free  from 
oily  impurity,  was  recrystallised  from  dilute  methylic  alcohol,  from 
which  it  separated  in  the  form  of  beautiful,  colourless  needles  melting 
at  95 — 96°.  For  analysis,  the  substance  was  dried  over  sulphuric  acid 
in  a  vacuum,  as  it  decomposes  even  below  its  melting  point  when 
heated  in  a  water  bath. 

0-1220  gave  0-2484  CO^  and  0-0980  H^O.     C  =  55-54;  H  =  8-92. 
0-2356     „      13-2  c.c.  nitrogen  at  14°  and  764  mm.     N  =  6-63. 
C^oHi^NOg  +  H2O  requires  C  =  55-30 ;  H  =  8-75  ;  N  =  6-45  per  cent. 

Isobutylhydroxycyanovaleric  acid  appears,  therefore,  to  crystallise 
from  dilute  methylic  alcohol  with  IH.^O.  It  is  readily  soluble  in  acetic 
acid,  alcohol  and  hot  water,  but  only  sparingly  in  benzene,  chloroform 
or  light  petroleum  ;  if  warmed  for  some  time  with  hot  water,  it  decom- 
poses, yielding  hydrocyanic  acid  and  an  oil  which  is  possibly  regenerated 
isobutyllevulinic  acid. 

Lactone  of  Isobutylhydroxycyanovaleric  Acid, 
CH3-C(ON)-OH2-CH-C4H9. 

6 Ico 

When  pure  isobutylhydroxycyanovaleric  acid  is  distilled  under  re- 
duced pressure  (40  mm.),  water  is  first  eliminated,  and  then  the 
temperature  rises  rapidly  to  175°,  nearly  the  whole  of  the  residue 
distilling  between  178°  and  180°  (40  mm.)  as  a  colourless  oil;  this, 
however,  is  not  the  pure  lactone,  as  is  shown  by  the  following  analysis. 
Found,  N  =  5-75  per  cent.;  O^o^ia^^L'  I'equires  N  =  7-73  per  cent. 

This  oil,  which  appeared  to  contain  some  isobutyllevulinic  acid,  on 
long  standing  at  0°,  deposited  colourless  plates  which,  after  being  spread 
on  porous  porcelain  until  quite  dry  and  then  washed  with  light  petroleum, 
melted  at  40 — 50°.     The  analysis  now  gave  the  correct  numbers. 

0-1550  gave  10-1  c.c.  nitrogen  at  22°  and  760  mm..    N  =  7-45. 
CjqHjjNO.^  requires  N  =  7-73  per  cent. 
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This  substance,  which  is  evidently  the  lactone  of  isobutylhydroxy- 
cyanovaleric  acid,  melts  at  53^.  It  crystallises  in  beautiful,  glistening 
plates,  and  is  readily  soluble  in  alcohol  and  ether,  but  almost  insoluble 
in  water.  It  is  insoluble  in  cold  soda  solution,  and  when  warmed 
the  crystals  melt  and  swim  about  in  the  hot  alkaline  solution  as 
an  oil. 

a-Isohutyl-a^a^-methylhydroxyglutaric  Acid. 

CH(CH3)2-CH2-CH'COOH 

CH3-C(0H)-C00H 

This  acid  is  formed  by  the  hydrolysis  of  isobutylhydroxycyano valeric 
acid  by  means  of  hydrochloric  acid,  the  method  which  was  adopted 
for  the  hydrolysis  and  isolation  of  the  acid  being  as  follows.  Absolute 
alcohol  (60  grams)  was  saturated  with  dry  hydrogen  chloride,  and  to 
the  cold  liquid  the  solid  cyano-acid  (30  grams)  was  added,  and  the 
mixture  then  allowed  to  stand  at  the  ordinary  temperature  for  two 
days.  At  the  end  of  this  time,  a  considerable  quantity  of  ammonium 
chloride  had  separated,  and  the  process  appeared  to  be  complete ;  in 
order,  however,  to  make  sure  that  the  whole  of  the  cyano-acid  had 
been  hydrolysed,  the  product  was  heated  on  the  water  bath  for  4 
hours  before  being  worked  up.  The  whole  was  then  cooled,  diluted 
with  water,  and  the  oily  ethereal  salt  which  separated  extracted  with 
ether ;  this  was  washed,  dried,  and  evaporated,  and  the  oily  residue 
purified  by  fractionation  under  reduced  pressure.  In  this  way,  a 
colourless  oil  was  obtained,  which  distilled  almost  constantly  at  168° 
(17  mm.). 

0-1152  gave  0-2666  CO^  and  0-0930  H^O.     0  =  63-11 ;  H  =  8-97. 
0-1080     „     0-2502  CO2   „  0-0874  R,6.    0  =  63-18;  H  =  8-99  per  cent. 
C12H20O4  requires  0  =  63-16  ;  H  =  8-77. 
Oj^HggOg  requires  0  =  61-31 ;  H  =  9-48  per  cent. 

This  substance  is  therefore  not  the  ethereal  salt  of  isobutylmethyl- 
hydroxyglutaric  acid  itself  (Oj^H^p^Og),  but  of  the  lactone  of  this  acid 
(0^oHoo04),  that  is, 

OH(OH3)2- OH  2- OH— CO 
O 


It  is  a  colourless  oil  of  faint  odour,  and  distils  without  decomposition 
at  about  290°  under  the  oi-dinary  pressures  (see  p.  57).  In  order  to 
prepare  the  dibasic  acid  from  this  ethereal  salt,  the  pure  substance 
(25  grams)  was  added  to  a  solution  of  potash  (20  grams)  in  pure  ethylic 
alcohol,  and  the  solution  heated  in  a  reflux  apparatus  on  the  water 
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bath.  In  a  short  time,  a  solid  potassium  salt  began  to  separate,  which 
increased  rapidly  in  quantity  until  the  whole,  after  about  an  hour  and 
a  half,  had  become  quite  thick  ;  the  mass  was  then  cooled,  the  solid 
crystalline  precipitate  collected  with  the  aid  of  the  pump,  washed  with 
alcohol,  and  dried  at  lUO"^. 

This  substance,  which  proved  to  be  the  potassium  salt  of  an  organic 
acid,  was  dissolved  in  water,  and  the  solution,  after  filtering,  was  cooled 
with  ice  and  carefully  acidified  with  hydrochloric  acid,  when  a  beauti- 
fully cx^ystalline  acid  was  precipitated ;  this  was  collected,  washed, 
dried,  and  analysed,  with  the  following  result. 

0-1164  gave  0-2348  CO^  and  0-0876  HgO.     0  =  55-01  ;  H  =  8-36. 
CjoHjgOg  requires  C  =  55-04  ;  H  =  8-26  per  cent. 

The  silver  salt  of  the  acid  precipitated  from  a  neutral  solution  of 
the  ammonium  salt  is  a  white,  amorphous,  very  insoluble  substance. 
On  analysis,  it  gave  the  following  result. 

0-1008  gave  0-0508  Ag.    Ag  =  50-39. 

Cj^H^gAggOg  requires  Ag  =  50-00  per  cent. 

These  analyses  prove  that  the  acid  obtained  in  this  way  is  isohutyl- 
methylhydroxyglutaric  acid.  "When  heated  in  a  capillai'y  tube,  it  softens 
at  128°  and  melts  at  134°  with  evolution  of  gas,  due,  no  doubt,  to  the 
elimination  of  water  and  formation  of  the  lactone  (p.  58).  It  is 
sparingly  soluble  in  cold,  but  dissolves  in  warm  water ;  if  the  solution, 
however,  be  boiled,  an  oil  separates,  a  change  which  is  obviously 
due  to  lactone  formation.  The  dibasic  acid  is  sparingly  soluble  in 
cold  benzene  and  light  petroleum,  but  dissolves  readily  in  alcohol  and 
acetic  acid.  It  may  be  obtained  in  a  beautifully  crystalline  condition 
by  dissolving  it  in  much  warm  ether,  distilling  off  the  ether  until 
crystals  begin  to  separate,  and  then  allowing  the  solution  to  stand, 
when  the  greater  part  of  the  acid  separates  in  beautiful,  glistening, 
silky  plates. 

Elhylic  Isohutyhnethylhydroxyglutarate,  OH* OgIIj5(COOCoH^)2. — In 
order  to  prepare  this,  experiments  were  first  tried  on  the  action  of 
hydrogen  chloride  on  the  alcoholic  solution  of  the  acid,  but  as  the 
ethereal  salt  which  was  formed  proved  on  investigation  to  be  the 
ethylic  salt  of  the  lactonic  acid,  we  were  forced  to  make  the  ethylic 
salt  of  the  dibasic  acid  from  the  silver  salt  by  the  action  of  ethylic 
iodide. 

The  dry  silver  salt  of  the  dibasic  acid  (10  grams)  was  heated  in  a 
reflux  apparatus  with  ethylic  iodide  (10  grams)  and  pure  dry  ether 
for  2  hours  on  the  water  bath  ;  the  silver  iodide  was  then  filtered 
off,  washed  with  ether,  the  ethereal  solution  evaporated,  and  the 
residual  almost  colourless  oil  left  in  a  vacuum  desiccator  over  sulphuric 
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acid  for  about  a  week.     The  analysis  of  the  oil  gave  numbers  showing 
that  it  was  the  ethereal  salt  of  the  dibasic  acid. 

0-148  gave  0-3297  CO^  and  0-126  H2O.     C  =  60-72  ;  H  =  9-46. 
OH-C8Hi5(COOC2H5)2  requires  C  =  61-31  ;  H  =  9-48  per  cent. 

When  this  oil  is  distilled  under  the  ordinary  pressure,  alcohol  is 
eliminated  and  a  colourless,  oily  ethereal  salt  distils  remarkably  con- 
stantly at  290°  with  scai^cely  any  decomposition ;  this,  on  analysis, 
proved  to  be  the  ethylic  salt  of  the  lactonic  acid, 

01362  gave  0-3136  CO.,  and  0-1116  H.,0.     C  =  62-79;  H  =  910. 
COOC^Hj-  CsHi5<(l,Q  requires  C  =  63-16  ;  H  =  8-77  per  cent. 

This,  after  being  hydrolysed  by  boiling  with  excess  of  potash  or 
mothylic  alcohol,  was  diluted  with  water,  evaporated  to  dryness,  and  the 
residue,  dissolved  in  a  little  water,  was  cooled,  and  acidified,  when  the 
colourless  crystalline  hydroxydibasic  acid  was  precipitated. 

0-1280  gave  0-2572  CO2  and  0-0960  H2O.     C  =  54-80;  H  =  8-33. 
CjQH^gOj  requires  C  =  55-04  ;  H  =  8-26  per  cent. 

In  a  preliminary  experiment,  in  which  less  alkali  was  used,  some  of 
the  ethereal  salt  on  hydrolysis  yielded  a  solid  melting  at  78°,  which 
evidently  consisted  of  the  lactonic  acid  produced  by  direct  hydrolysis. 

Action  of  Phos2)horus  Pentoxide  on  Ethylic  Isohutylmethylhydroxy- 
glutarate, — As  stated  in  the  introduction,  this  experiment  was  insti- 
tuted with  the  object  of  eliminating  water  from  the  ethereal  salt,  and 
of  thus  forming  a  closed  chain,  but  the  reaction  evidently  proceeds 
differently,  alcohol  being  eliminated  and  the  ethereal  salt  of  the 
lactonic  acid  formed.  The  diethylic  salt  (5  grams)  was  mixed  with  a 
large  excess  of  phosphorus  pentoxide  and  allowed  to  stand  in  a 
desiccator  over  phosphorus  pentoxide  for  8  days ;  the  gelatinous  mass 
thus  formed  was  then  mixed  with  water,  the  oil  which  separated 
extr'acted  with  ether,  the  ethereal  solution  washed  with  sodium 
carbonate,  dried  over  calcium  chloride,  and  evaporated.  The  oily  residue, 
after  standing  for  7  days  over  sulphuric  acid  in  a  vacuum  desiccator, 
was  analysed. 

01434  gave  0-3356  COo  and  0-1196  H,0.     C  =  63-82;  H  =  9-26. 

On  distillation  under  the  ordinary  pressure,  nearly  the  whole 
passed  over  at  290 — 292°,  and  on  analysis  and  further  examination 
it  proved  to  be  the  ethylic  salt  of  the  lactonic  acid. 

0-1290  gave  0-2976  00^  and  0-1060  H^O.     0  =  62-91  ;  H  =  9-13. 

COOCgHj- C8Hj5<  I      requires  0  =  63-16  ;  H  =  8-77  per  cent. 
00 
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From  this  ethereal  salt,  by  hydrolysis,  both  the  lactonic  acid  and  the 
dibasic  acid  were  obtained,  and  the  latter  was  analysed. 

0-1024  gave  0-2064  COg  and  0-0767  H2O.     C  =  54-97 ;  H  =  8-33. 
Cj^HjgOg  requires  C  =  55-04 ;  H  =  8-26  per  cent. 

There  can  therefore  be  no  doubt  that  the  oily  ethereal  salt  was 
simply  the  ethereal  salt  of  the  lactonic  acid. 

Fusion  of  Isohutylmethylhydroxyglutario  Aoid  with  Potash. — This  ex- 
periment was  made  in  the  hope  that  elimination  of  water  might  take 
place  at  the  tempei'ature  of  fusion  with  formation  of  a  closed  ring, 
which  would  probably  be  very  stable,  since  camphoric  acid  itself  is 
hardly  attacked  by  fused  potash  at  300°.  About  5  grams  of  the 
pure  acid  was  fused  with  potash  at  220 — -230°  for  half  an  hour  ; 
the  melt  was  then  dissolved  in  water,  and  the  clear  solution  acidified 
and  extracted  with  ether.  On  evaporating  the  ether,  an  oil  was  left 
which,  on  standing  for  some  days  at  0°,  gradually  became  nearly  solid  ; 
it  was  then  placed  on  porous  porcelain  and  subsequently  crystallised 
from  water.  The  crystalline  acid,  melting  at  108 — 109°,  thus  obtained, 
proved  to  be  isobutylsuccinic  acid. 

0-1219  gave  02472  CO^  and  0-0892  Hp.     C  =  55-25  ;  H  =  8-12. 
CgHjjO^  requires  C  =  55-17  ;  H  =  8-04  per  cent. 

This  experiment  was  repeated  several  times  under  different  con- 
ditions, but  isobutylsuccinic  acid  was  formed  in  all  cases. 

Lactone  of  Isohutylniethylhydroxyglutaric  Acid, 
CH(CH3)2'CH,-CH-CO 
(jJHg^O 
CHg'C— COOH. 

This  lactone  may  be  obtained  from  the  hydroxydibasic  acid  in 
several  ways,  but  we  found  that  treating  the  acid  with  acetyl  chloride 
yielded  the  best  results.  The  pure  hydroxydibasic  acid  boiled  for  a 
few  minutes  with  a  little  pure  acetyl  chloride  and  then  allowed  to 
evaporate  in  a  vacuum  desiccator  over  solid  potash,  deposited  prismatic 
crystals  on  standing  overnight.  These  were  collected,  drained  on  a 
porous  plate  until  quite  dry,  and  then  analysed  without  further 
purification. 

0-1200  gave  0-2636  CO.,  and  00882  HA     C  =  59-91  ;  H  =  8-16. 
CioH^6<^4  requires  C  =  60-00  ^H  =  8-00  per  cent. 

The  lactone  of  isohutyhaelhi/lhydroxyglutariG  acid  melts  at  about 
80°,  dissolves  readily  in  alcohol  and  acetic  acid,  but  is  nearly  insoluble 
in  cold  benzene,  light  petroleum,  and  water.  When  left  in  contact 
with  water  at  about  60°,  it  gradually  dissolves,  probably  with  forma^ 
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tion  of  the  hydroxy-dibasic  acid  ;  in  alkalis,  it  dissolves  readily,  and  if 
the  solutions  are  precipitated  at  once  by  hydrochloric  acid,  the  lactone 
sepai'ates  unchanged.  If,  however,  the  lactone  is  heated  with  excess 
of  alkali  for  some  time,  and  the  solution  then  cooled  with  ice  and 
cautiously  acidified,  the  precipitate  consists  of  the  hydroxy-dibasic  acid. 

Investigation  of  the  Liquid  Formed  during  the  Action  of  Hydrogen 
Ci/anide  on  Isohutyllevulinic  Acid. 

It  has  already  been  stated  that  isohutyllevulinic  acid  reacts  with 
hydrogen  cyanide  with  formation  of  isobutylhydroxycyanovaleric  acid, 
but  the  yield  of  the  latter  is  not  more  than  50 — 60  per  cent,  of  the 
theoretical,  owing  to  the  fact  that  some  oily  substance  is  always 
obtained  at  the  same  time;  this  is  absorbed  by  the  porous  plates 
during  the  process  of  purification  of  the  solid  nitrile,  and  as  it 
seemed  possible  that  the  examination  of  this  oil  might  yield  interesting 
results,  these  plates  were  broken  up  and  extracted  with  ether  in  a 
Soxhlet  apparatus.  On  distilling  off  the  ether  from  the  extract,  a 
thick,  dark  brown  oil  containing  nitrogen  was  left,  and  with  this  the 
following  experiments  were  made. 

Behaviour  of  the  Oil  on  Distillation. — About  one-third  of  the  oil  was 
distilled  under  reduced  pressure  (30  mm.),  when,  after  a  little  water 
had  come  over,  the  temperature  rose  rapidly  to  140°,  most  of  the  oil 
distilling  at  175—185°. 

Etherification  of  the  Crude  Oil. — The  crude,  dark  brown  oil  was 
dissolved  in  alcohol,  the  alcoholic  solution  saturated  with  hydrogen 
chloride,  and  the  mixture  left  in  the  cold  for  two  days,  during  which 
time  a  considerable  quantity  of  ammonium  chloride  separated.  The 
liquid  was  then  heated  in  a  reflux  apparatus  for  one  hour,  diluted 
with  water,  and  the  oil  which  separated  extracted  with  ether  ;  the 
ethereal  solution,  after  being  washed  with  water  and  with  sodium 
carbonate  solution,  dried  over  calcium  chloride,  and  the  ether  distilled 
off,  left  an  oil  which  was  distilled  under  reduced  pressure  (25  mm.)  ; 
almost  the  whole  passed  over  between  140°  and  200°,  by  far  the  larger 
portion  at  150—160°.  The  latter  fraction  gave  the  following  results 
on  analysis. 

0-1170  gave  0-2810  CO.,  and  0-0992  H.,0.     0  =  65-50  ;  H  =  9-41. 
0-1285     „     0-3102  CO^,,    0-1132  H^O.     0  =  65-84;  H  =  9-80. 
Ethylic  isobutyllevulinate^CiiH2o03,  requires  C  =  66-0;  H  =  10-0  p.  cent. 

As  this  oil  on  hydrolysis  gave  a  liquid  acid  which,  with  semi- 
carbazide  hydrochloride  yielded  a  semicarbazone  melting  approximately 
at  185°,  there  can  be  no  doubt  that  it  is  ethylic  isobutyllevulinate, 
and  this  experiment  shows  that  the  originq,l  brown  oil  either  contained 
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isobutyllevulinic  acid,  or  that  the  latter  had  been  produced  by  the 
action  of  hydrochloric  acid  on  the  hydroxycyanide  contained  in 
the  oil. 

A  remarkable  result  was  obtained  in  an  experiment  in  which  some 
of  the  fraction  150 — 160°  (25  mm.)  was  boiled  with  water  for  four 
days  in  a  reflux  apparatus,  as  at  the  end  of  this  time  almost  the 
whole  had  been  converted  into  a  solid  crystalline  substance.  This 
after  being  washed  with  water  and  allowed  to  remain  in  contact  with 
porous  porcelain  until  quite  free  from  oil,  was  purified  by  recrystallisa- 
tion  from  70  per  cent,  acetic  acid,  from  which  it  separated  in  beautiful, 
rhombic  crystals  melting  at  175 — 180°. 

0-1230  gave  0-2980  CO^  and  0-1050  H.3O.     0  =  66-07;  H  =  9-48. 

0-1210     „     0-2942  CO2   „     0-1030  H2O.     C  =  66-31  ;  H  =  9-45. 

CjgHg^jOg  requires  C  =  66-28  ;  H  =  9-20  per  cent. 

This  acid  is  readily  soluble  in  alcohol  and  acetic  acid  ;  but  almost 
insoluble  in  water  and  light  petroleum.  It  dissolves  readily  in  dilute 
solutions  of  alkalis  or  alkali  carbonates. 

The  silver  salt,  CjgH.^gAgOj,  was  prepared  from  a  slightly  alkaline 
solution  of  the  ammonium  salt ;  it  is  a  white,  amoi'phous  precipitate, 
which  was  analysed  after  washing  and  drying, 

0-1230  gave  0-2236  COg,  00770  H^O,  and  0-0302  Ag.  C- 49-57; 
H  =  6-95;  Ag  =  24-55. 

Q^^^^LgOr^  requires  0  =  49-88  ;  H  =  6-69  ;  Ag  =  24-94  per  cent. 

It  is  evident,  therefore,  that  the  substance  Cj^gHg^Oj  is  a  monobasic 
acid,  and  it  seems  likely  that  it  is  formed  by  the  elimination  of  water 
from  two  molecules  of  isobutyllevulinic  acid,  thus, 

2C,Hi,03  =  CisH3o05  +  H20. 

We  have  obtained  no  clue  to  the  constitution  of  the  acid,  nor  has 
any  attempt  been  made  to  prepare  the  acid  from  pure  isobutyllevulinic 
acid  by  boiling  with  water. 

The  higher  fraction  of  the  ethereal  salt  prepared  as  described  above 
by  the  etherification  of  the  crude  brown  oil,  and  which  boiled  at 
170 — 190°  (25  mm.),  was  hydrolysed  by  potash  in  the  usual  way. 
The  acid  which  was  thus  obtained  I'emained  liquid  for  a  long  time, 
but  after  being  in  an  exhausted  desiccator  for  some  weeks  it  had 
become  .semi-solid.  The  crude  mass,  spread  on  porous  porcelain,  was 
left  until  the  crystals  had  become  quite  white ;  they  wei-e  then 
dissolved  in  benzene,  and  the  solvent  allowed  to  evaporate  slowly. 
The  crystalline  mass  thus  obtained,  after  drying  on  porous  porcelain, 
gave  the  following  results  on  analysis. 
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0-1168  gave  0-2564  CO,  and  0-0852  H.O.     0  =  59-87;  H  =  8-10. 
C^oHj^O^  requires  C  =  60-00  ;  H  =  800  per  cent. 

As  this  substance  melts  at  75 — 80°,  it  is  evidently  the  hxctone  of 
isobutylmethylhydroxyglutaric  acid  (p.  58). 

The  crude  brown  oil  so  often  referred  to  above  may  then  very 
probably  be  simply  a  solution  of  some  isobutylhydroxycyanovaleric 
acid  in  a  considerable  quantity  of  unchanged  isobutyllevulinic  acid, 
and,  so  far,  there  is  no  evidence  of  two  stereoismeric  hydroxycyanides 
being  produced  by  the  action  of  hydrogen  cyanide  on  isobutyllevulinic 
acid. 

Ethijlic  Di-isohutylmalonate,  [CH(CH3)2-  CH2]2C(COOC^H5)2. 

During  the  preparation  of  ethylic  isobutylmalonate,  varying  quanti- 
ties of  an  ethereal  salt  boiling  at  about  240 — 260°  were  always  obtained, 
and  this,  on  examination,  proved  to  be  ethylic  di-isobutylmalonate.  As 
this  substance,  or  rather  the  di-isobutyl  acetic  acid  prepared  from  it, 
was  required  for  some  synthetical  work  which  is  in  progress,  we  have 
investigated  the  matter  carefully,  and  give  here  a  description  of  our  ex- 
periments, instead  of  publishing  them  in  a  separate  paper.  The  ethylic 
di-isobutylmalonate  employed  for  this  purpose  was  partly  that  obtained 
as  a  bye-product  in  the  preparation  of  ethylic  isobutylmalonate,  but  the 
bulk  of  it  was  specially  prepared  in  the  following  way. 

Sodium  (4-6  grams)  was  dissolved  in  absolute  alcohol  (55  grams)  and 
mixed  with  ethylic  isobutylmalonate  (45  grams),  isobutyl  bromide 
(30  grams)  was  then  added,  and  the  whole  heated  in  a  reflux  apparatus 
on  the  water  bath  for  several  hours.  The  alcohol  was  distilled  off, 
water  was  added,  and  the  product  extracted  three  times  with  ether ;  the 
ethereal  solution,  after  being  washed  with  water,  was  dried  over  calcium 
chloride,  the  ether  distilled  off,  and  the  residue  purified  by  fractionation 
at  the  ordinary  pressure. 

In  this  way,  ethylic  di-isobutylmalonate  (43  grams)  was  obtained  as 
a  thick,  colourless  oil  boiling  at  245 — 255°.     Analysis. 

0-0994  gave  0-2404  CO2  and  0-0912  H^O.     0  =  65-96;  H  =  10-19. 
{Q^B.^).f{GOO0.^B.^)^^  requires  0  =  66"l7  ;  H=  10-29  per  cent. 

Di-isohutylmalonic  Acid,  [CH(CH3)2-  CH2]20(OOOH)2. 

This  acid  is  readily  obtained  by  hydrolysing  its  ethylic  salt  with 
potash.  Oaustic  potash  (25  grams),  dissolved  in  90  per  cent,  alcohol, 
was  mixed  with  ethylic  di-isobutylmalonate  (40  grams),  and  the 
whole  heated  on  the  water  bath  for  3  hours ;  the  product  was  then 
diluted  with  water,  evaporated  until  quite  free  from  alcohol,  acidified, 
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and  extracted  with  pure  ether.  The  ethereal  solution,  after  being 
dried  over  calcium  chloride  and  evaporated,  gave  an  oily  residue  which 
solidified  only  very  slowly,  even  when  placed  in  a  vacuum  desiccator 
over  sulphuric  acid.  After  14  days,  the  solid  acid  was  pressed  on 
porous  plates  in  order  to  remove  oily  matter,  and  then  purified  by  re- 
crystallisation  from  light  petroleum  (b.p.  80 — 90^),  when  it  was  obtained 
in  thick  prisms  melting  at  145 — 150^  with  evolution  of  gas. 

0-1054  gave  0-2352  OO2  and  0-0884  HoO.     C  =  60-86;  H  =  9-32. 
{CJi^),G{C00Ii.).2  requires  0  =  61-11 ;  H  =  9-26  per  cent. 

Di-isobutylmalonic  acid  is  almost  insoluble  in  water  and  benzene, 
but  dissolves  readily  in  alcohol  and  in  hot  light  petroleum  (b.  p. 
80 — 90^) ;  it  is  only  sparingly  soluble  in  cold  light  petroleum. 

Di-isohutylaceiic  Acid,  [GH(CH3)2*  CH2]2CH'  COOH,  and  its  Derivatives. 

In  order  to  prepare  this  acid,  crude  di-isobutylmalonic  acid  was 
heated  until  carbon  dioxide  was  no  longer  evolved,  and  it  was  then 
distilled.  From  the  distillate,  by  fractional  distillation,  pui-e  di-isobutyl- 
acetic  acid  was  readily  obtained  as  a  viscid,  colourless  oil,  of  feeble 
odour,  and  boiling  at  225—230°  (730  mm.). 

0-1004  gave  0-2560  CO2  and  0-1050  H2O.     0  =  69-54;  H  =  11-61. 
CioH2o02  requires  0  =  69-77  ;  H=  11-62  per  cent. 

Di-isohutylacetyl  c/i?om?e,  0H(0^H,j)./0001. — This  was  obtained  by 
the  action  of  phosphorus  trichloride  on  di-isobutylacetic  acid.  The 
acid  (9  grams)  and  the  phosphorus  trichloride  (4  grams)  were  heated 
together  for  10  minutes  in  an  oil  bath,  the  liquid  was  then  decanted 
from  the  phosphorous  acid,  and  distilled  under  reduced  pressure.  Di- 
isobutylacetyl  chloride  is  a  coloui'less,  pungent-smelling  liquid  which 
boils  at  95°  (20  mm.)  ;  it  was  not  analysed,  but  at  once  convei-ted  into 
the  undermentioned  derivatives. 

Di-isohutylacetanilide,  (yR{Q,^(^.,'  00  'NH*  Oglij. — This  was  prepared 
by  dissolving  the  acid  chloride  (3  grams)  in  pure,  dry  ether,  and  adding 
aniline  (5  grams)  also  dissolved  in  ether.  After  some  time,  water  was 
added,  the  ethereal  solution  separated  and  washed  with  dilute  hydro- 
chloric acid  until  free  from  aniline,  then  with  water,  dried  over  calcium 
chloride,  and  the  ether  di.stilled  off.  The  oil  which  was  left  slowly 
solidified,  and  after  being  spread  on  a  porous  plate  to  remove  oily  im- 
purities, was  ci'ystallised  from  light  petroleum  (b.  p.  100 — 120°).  The 
pure  substance  was  thus  obtained  in  needles  melting  at  111°.    Analysis, 

0-1738  gave  9  c.c.  nitrogen  at  17°  and  750  mm.     N  =  5-92. 
CH(04Hg)2-00-NH-OgHji  requires  5-66  per  cent. 

Di-isobutylacetanilide  dissolves  in  benzene,   alcohol  and  hot  light 
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petroleum  (b.  p.  100 — 120°),  but  is  only  spai'ingly  soluble  in  cold  light 
petroleum. 

Di-isohutylacelojyaratoluidide,  CH(C^Hg)^'CO*NH'  CgH^-CH^,  was  pre- 
pared from  the  acid  chloride  and  paratoluidirue  in  precisely  the  same 
manner  as  the  anilide  ;  it  crystallises  from  light  petroleum  (b.  p, 
100 — 120°)  in  prismatic  needles,  melts  at  140 — 141°,  and  is  sparingly 
soluble  in  cold  light  petroleum,  but  readily  in  alcohol,  chloroform,  and 
benzene. 

0-2661  gave  12-6  c.c.  nitrogen  at  17°  and  746  mm.     N  =  5-36. 
CH(C4H9)2-CO-NH-CeH^-OH3  requires  N'  =  5-36  per  cent. 

Di-isohutylacetamide,  CH(C4Hg)2'CO*NB[2,  was  prepared  by  adding 
the  acid  chloride  (3  grams)  to  concentrated  aqueous  ammonia  (10  c.c), 
allowing  the  mixture  to  stand  for  some  time,  and  then  exti'acting  with 
ether;  the  ethereal  solution,  dried  over  potassium  carbonate  and  evapo- 
rated, left  an  oil  which  slowly  solidified.  This  was  purified  by  crystal- 
lising it,  first  from  petroleum  boiling  at  40 — 60°,  and  afterwards  from 
petroleum  of  high  boiling  point  (100 — 120°)  mixed  with  a  little  alcohol, 
when  it  was  obtained  in  minute  needles  melting  at  120 — 121° 

0-1472  gave  10-8  c.c.  N  at  17°  and  750  mm.     N"  =  8-40. 
CH(C^H9)o-CO-NH2  requires  N  =  8-18  per  cent. 

Di-isobutylacetamide  is  very  soluble  in  alcohol,  but  almost  insoluble 
in  water,  and,  when  pure,  almost  insoluble  in  petroleum  of  high  boiling 
point. 

Preparation  of  Isohutylsuccinic  Acid, 
CH(CH3)2-  CHg-  CH(C00H)-CH2-  COOH. 

As  this  acid  was  needed  for  the  purpose  of  comparison  with  the  acid 
of  the  formula  CgH^^O^,  which  had  been  obtained  by  the  hydrolysis  of 
ethylic  acetylisobutylsuccinate  as  explained  on  p.  50,  we  prepared  a 
considerable  quantity  of  isohutylsuccinic  acid  by  a  process  which  has 
not  been  described  before.  Sodium  (2  grams)  was  dissolved  in  absolute 
alcohol  (24  grams),  mixed  with  ethylic  isobutylmalonate  (25  grams), 
ethylic  monochloracetate  (14  grams)  was  added,  and  the  mixture  allowed 
to  stand  for  some  hours ;  it  was  then  heated  on  the  water  bath  for 
4  hours,  water  was  added,  and  the  oil  which  separated  extracted 
with  ether.  The  ethereal  solution,  after  being  well  washed  with  water, 
dried  over  calcium  chloride  and  evaporated,  left  an  oil  which  was  puri- 
fied by  fractionation  under  reduced  pressure.  In  this  way  a  moderately 
good  yield  of  a  substance  was  obtained  which  distilled  at  170 — 180° 
(25  mm.),  and,  on  analysis,  gave  the  following  results. 

0-1146  gave  0-2484  CO2  and  0-0886  HgO.     0  =  59-11  ;  H  =  8-58. 
CisHgeOe  requires  C  =  59-60  ;  H  =8-60  per  cent. 


64       BENTLEY  AND  PERKIN  :  EXPERIMENTS  ON  THE 

Ethylic  isohutylethanetricarhoxylate, 

CH(CH,),-  CH^-  C(COOC2H5),-  CH,-  COOC^H^, 
is  a  colourless  oil  Avhich,  when  distilled  under  ordinary  pressures,  ap- 
pears to  undergo  but  very  little  decomposition  ;  on  hydrolysis,  it  yields  a 
solid,  tribasic  acid,  which,  when  heated  at  180°,  loses  carbon  dioxide 
with  formation  of  isobutylsuccinic  acid. 

The  oily  ethylic  salt  was  hydroiysed  with  alcoholic  potash  in  the 
usual  way,  the  product  evaporated  until  free  from  alcohol,  acidified 
and  repeatedly  extracted  with  ether ;  after  drying  over  calcium 
chloride  and  evaporating,  the  residual  tribasic  acid  immediately 
solidified.  This  was  not  analysed,  but  at  once  converted  into  isobutyl- 
succinic acid  by  heating  at  180 — 200°  until  carbon  dioxide  ceased  to 
be  evolved ;  the  crude  product  was  then  dissolved  in  hot  water,  filtered, 
and  saturated  with  hydrogen  chloride ;  on  standing,  a  mass  of  crystals 
separated,  which,  after  two  recrystallisations  from  water,  melted  at 
109°,  and  consisted  of  pure  isobutylsuccinic  acid. 

0-1354  gave  0-2764  CO^  and  0-1002  H^.     C  =  55-67  ;  H  =  8-22. 
OgHj^O^  i-equires  0  =  55-17  ;  H  =  8-04  per  cent. 

IsohuUjlsuccinanilic  acid,  C^Hg-  CH(COOH)-  CHo*  CO  -NH-  CgH^  (?). 
— In  order  to  prepare  this  substance,  the  acid  (2  grams)  was  digested 
with  acetyl  chloride  for  a  few  minutes,  the  excess  of  the  latter 
removed  by  exposure  over  potash  in  a  vacuum  desiccator,  and  the 
residual  liquid  anhydride  dissolved  in  a  little  benzene  and  mixed  with 
aniline  (1-5  grams).  The  solid  matter  which  soon  separated,  after 
being  drained  on  a  porous  plate  and  recrystallised  from  dilute  alcohol, 
yielded  the  anilic  acid  in  beautiful  leaflets  melting  at  138-5°. 

0-1818  gave  8-8  c.c.  nitrogen  at  15°  and  558  mm.     ISr  =  5-66. 
C^^H^gNOg  requires  N  =5-62  per  cent. 

Isohutyhuccinanil,    4    9    ,  ^^■N*  CgHg. — This  was  prepared  by 

heating  the  anilic  acid  at  200°  for  5  minutes,  and  treating  the  gummy 
mass  obtained  with  dilute  ammonia,  when  it  solidified  immediately. 
This  was  ground  up  with  dilute  ammonia,  collected,  washed,  and 
recrystallised  from  dilute  alcohol. 

01352  gave  7-1  c.c.  nitrogen  at  16°  and  752  mm.     N  =  6-05, 
O^^Hj-NOo  requires  N  =  6-06  per  cent. 

IsobutylsuccincmU  melts  at  109°,  and  is  readily  soluble  in  alcohol 
and  hot  light  petroleum,  but  only  sjmringly  in  cold  light  jiJctroleum  ; 
it  is  almost  insoluble  in  water  and  in  dilute  sodium  carbonate  solution. 


I 


SYNTHESIS    OF    CAMPHORIC   ACID.      PART   I.  €5 


rr   J        ^-^    J..J     .■         -1      OH(CH,),-CH.,-C(OH)-COOH          , 
o.-Hydroxudi-isooutylacetic    acid,  ^       ■^'-         -   n       '  ana 

J        -^  ^  CH(CH3),-CHo 

a-lsobutyi-i-isopropylacrykc  acid,        ^       ■^'■'         -  1 1 

•J  I        i     i'^       !^  CH(CH3),-CH 

In  spite  of  the  fact  that  the  boiling  point  of  ethylic  acetylisobutyl- 
succinate  (p.  50)  is  so  constant,  the  numbers  obtained  on  analysis 
were  always  nearly  1  per  cent,  low  ;  this  was  subsequently  found  to 
be  due  to  the  fact  that  it  contains  traces  of  bromine.  When  this 
ethylic  acetylisobutylsuccinate  is  hydrolysed  with  hydrochloric  acid, 
there  is  always  a  small  quantity  of  oil  which  remains  unattacked,  even 
after  the  treatment  with  hydrochloric  acid  has  been  repeated  several 
times ;  in  order  to  ascertain  the  nature  of  this  oil,  the  small  quantities 
from  several  operations  were  united  and  fractionated,  when  nearly  the 
whole  passed  over  at  138 — 140°  (27  mm.),  and  on  examination  was 
found  to  contain  bromine.  The  analysis  of  different  samples  gave  the 
following  results. 

0-1365  gave  0-2649  CO,  and  0-1060  H^O.  C  =  52-93  ;  H  =  8-63. 

0-1705     „     0-3340  CO,'    „    0-1320  H^O.  C  =  53-43 ;  H  =  8-6. 

0-1460     „     0-2880  CO2    „    0-1166  H^.  0  =  53-80 ;  H  =  8-87. 

0-1214     „     0-2394  00^    „    0-0936  H2O.  C  =  53-78 ;  H  =  856. 
0-2844     „     0-1748  AgBr.     Br  =  26-15. 
0-2387     „     0-1502  AgBr.     Br  =  26-77. 

These  numbers  agree  with  the  formula  CigHojBrO^,  which  requires 
C  =  53-2^  H  =  8-5;  Br  =  27-3  per  cent. 

A  careful  examination  of  this  oil  appears  to  us  to  prove  that  the  true 
formula  of  the  brominated  ethylic  salt  is  CigHggBrO,,  and  that  it  is, 
in  fact,  ethylic  a-bromodi-isohutylacetate,  C(C4H9)2Br*COOC.3H5.  This 
formula  requires  0  =  51-61  ;  H  =  8'24;  Br.  =  28-67  per  cent.,  and  the 
discrepancy  between  these  and  the  numbers  actually  found  was  at  first 
thought  to  be  due  to  the  possibility  of  some  of  the  bromine  having 
been  replaced  by  chlorine  during  the  prolonged  boiling  with  hydro- 
chloric acid.  That  this  is  not  the  case  to  any  appreciable  extent  is 
shown  by  the  fact  that  the  01502  gram  of  silver  haloid  obtained  in 
one  of  the  above  analyses,  after  being  reduced  to  silver,  dissolved  in  nitric 
acid,  and  precipitated  with  hydrobromic  acid,  yielded  0-1478  gram  of 
AgBr.  Most  probably  the  impurity  in  the  brominated  ethylic  salt 
consists  of  traces  of  ethylic  acetoisobutylsuccinate,  which  had  escaped 
the  hydrolysing  action  of  the  hydrochloric  acid. 

The  presence  of  this  brominated  substance  in  the  crude  ethylic  aceto- 
isobutylsuccinate is  explained  by  the  fact  that  when  the  sodium 
compound  of  ethylic  malonate  is  treated  with  isobutylic  bromide,  the 

VOL.   LXXIil.  ^ 


66  BENTLEY  AND  PERKIN  :  EXPERIMENTS  ON  THE 

principal  product  is  ethylic  isobutylmalonate,  but  there  is  always  formed 
at  the  same  time  some  ethylic  di-isobutylmalonate,C(C^IIj,)o"(COOCoH-)o. 

This  ethereal  salt,  on  hydrolysis  and  subsequent  elimination  of  carbon 
dioxide,  yields  di-isobutylacetic  acid,  CH(C^Hg)o'COOH,  traces  of  which 
were  evidently  present  in  the  isobutylacetic  acid  used  in  these  experi- 
ments. In  the  subsequent  bromination,  this  would  be  converted  into 
a-bromodi-isobutylacetic  acid,  CBr(C4Hg)2"COOH,  the  ethylic  salt  of 
which  is  apparently  not  readily  acted  on  by  the  sodium  compound  of 
ethylic  acetoacetate,'  since  it  is  found  unchanged  in  the  product  of  the 
reaction. 

Hydrolysis  of  Ethylic  Di-isobutylbroniacetate. — When  the  brominated 
ethylic  salt  (12  grams)  was  digested  in  alcoholic  solution  with  potash 
(15  grams)  in  a  reflux  apparatus,  potassium  bromide  soon  began  to  be 
deposited  in  crystals  on  the  side  of  the  flask.  After  boiling  for  8  hoiars, 
the  product  was  diluted  with  water,  traces  of  a  neutral  oil  removed  by 
extraction  with  ether,  and  the  aqueous  solution  evaporated  with 
water  until  quite  free  from  alcohol.  The  alkaline  solution  was  then 
acidified,  and  the  oily  acid  which  separated  was  removed  by  treatment 
with  ether.  The  ethereal  solution,  after  drying  over  calcium  chloride 
and  evaporating,  left  a  thick  syrup  which,  on  standing  for  some  days 
over  sulphuric  acid  in  a  vacuum-desiccator,  gradually  deposited  hair- 
like crystals  ;  these  were  collected  with  the  aid  of  the  pump,  drained 
on  a  porous  plate,  and  then  recrystallised  from  light  petroleum. 

0-1243  gave  0-2890  CO2  and  0-1206  H2O.     0  =  63-42;  H=1077 
OH-C(C4H9)2-COOH''requires  C  =  eS^SS  ;  H  =  10-64  per  cent. 

This  beautifully  crystalline  substance  melts  at  123 — 124°  and  evi- 
dently consists  of  a-hydroxydi-isohutylacetic  acid  ;  it  is  readily  soluble  in 
hot  light  petroleum  (b.  p.  60 — 80°),  sparingly  so  in  the  cold,  and  crystal- 
lises from  this  solvent  in  slender  needles  which,  when  dry,  resemble 
cotton  wool. 

This  acid  is  isomeric  with  a-isopropyl-^-isohutylhydracrylic  acid 
(m.  p.  120°),  CH(CH3)2-CH2-CH(OH)-CH(COOH)-CH(CH3),,  which 
WohlbrUck  {Berichte,  1887,  20,  2337)  and  Hantzsch  {Annalen,  1888, 
249,  65)  obtained  by  the  action  of  sodium  on  ethylic  isovalerate. 

The  oily  filtrate  from  the  crude  crystals  of  the  a-hydroxydi-isobutyl- 
acetic  acid  was  fractionated  under  reduced  pressure  (35  mm.)  when 
nearly  the  whole  distilled  constantly  at  153°.  The  very  thick,  colour- 
less syrup  thus  obtained  gave  the  following  results  on  analysis. 

0-1793  gave  0-4569  COo  and  0-1725  H2O.     C  =  69-50;  H  =  10-69. 
CioHisOg  requires  C  =  70-06  ;  H  =  10-60. 

This  substance  is  evidently  isopo'opylisohutj/lacrylic  acid,  and  the 
fraction  analysed  may  contain  traces  of  hydroxydi-isobutylacetic  acid, 
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which  would  account  foi*  the  results  of  the  above  analysis  beiug  some- 
what too  low. 

Isobutylisopropylacrylic  acid  distils  without  decomposition  vinder 
the  ordinary  pressure  at  240 — 241°.  It  is  almost  insoluble  in  water, 
but  dissolves  readily  in  dilute  sodium  carbonate  solution,  and  this  solu- 
tion of  the  sodium  salt  rapidly  decolorises  permanganate,  although, 
perhaps,  not  so  readily  as  is  usual  with  unsaturated  acids. 

Bromine  is  slowly  decolorised  by  a  solution  of  the  acid  in 
chloroform. 

Salts  of  Isohutylisoiyi-opi/lacrylic  ylciVZ.  — The  ammonium  salt  of  this 
acid  dissociates  on  evaporating  its  solution  on  a  water  bath,  ammonia 
being  evolved,  and  the  oily  acid  separating  out.  The  silver  salt, 
C^pH^-AgO,,  was  obtained  as  a  white,  caseous  precipitate  on  adding 
silver  nitrate  to  a  solution  of  the  acid  in  a  slight  excess  of  ammonia ; 
after  washing  well  and  drying  first  on  a  porous  plate  and  then  at 
100°  it  was  analysed. 

0-2658  gave,  on  ignition,  0-1040  Ag.     Ag  =  39-12. 
0-2555      „      „         „        0-0998  Ag.     Ag  =  39-06. 

C^^H-^-AgOo  requires  Ag  =  38-99  per  cent. 

The  neutral  solution  of  the  ammonium  salt  shows  the  following 
behaviour  with  I'eagents. 

Bariiua  cldoride,  no  precipitate. 

Calcium  chloride. — If  calcium  chloride  is  added  to  a  hot  dilute  solu- 
tion of  the  ammonium  salt,  a  beautifully  crystalline  characteristic  cal- 
cium salt  rapidly  separates ;  this  dissolves  in  much  hot  water,  but  does 
not  appear  to  crystallise  out  again  on  cooling. 

Copper  sulphate  gives  a  vei-y  insoluble  bluish-green,  caseous  precipitate. 

Lead  acetate,  a  white  caseous  precipitate. 

Isopropylisobutylacrylic  acid  is  probably  identical  with  the  amy- 
decylenic  acid  which  Borodin  (Jahresbericht,  1870,  680;  Berichte,  1872, 
5,  481)  obtained  by  the  oxidation  of  di-isovaleraldehyde,  Cj,jH^gO,  a 
substance  which  is  produced  when  isovaleraldehyde  is  digested  with 
potassium  carbonate. 

If  we  assume,  as  is  probable,  that  in  the  formation  of  di-isovaleral- 
dehyde two  molecules  of  isovaleraldehyde  condense  in  the  following 
way, 

CH(CH3)./CH;>CH0  _  CH(CH3),.C-CH0       „  ^ 

CH(CH3),-CH,-CH:0j  -  CH(CH3)o-CH2-CH  '   ' 

then  an  aldehyde  of  this  formula  should,  on  oxidation,  yield  iso- 
propylisobutylacrylic acid  and,  this  appears  to  be  the  case,  since  amy- 
decylenic  acid  is  described  by  Borodin  as  an  oil  boiling  at  241-5°  with- 
out decomposition. 

E   2 
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111. — Synthesis  of  an  Isomeride  of  Camplioronic  Acid. 

By  Samuel  Barnett  Schkyver,  Pli.D, 

Some  years  ago,  Wreden  {Ann.,  1877,  187,  156)  showed  that  when 
cauiphoronic  acid  was  heated  with  concentrated  hydriodic  acid,  it 
yielded  a  tetrahydroisoxylene.  Again,  oxycamphoric  acid,  when  dis- 
tilled, gives  a  hydrocarbon  isomeric  Avith  this  and  having  similar 
properties,  although  it  is  not  identical  with  it,  as  Atchan,  who  called 
it  laurene  (Ann.,  1896,  290,  185),  subsequently  proved. 

These  facts,  together  wdth  others  since  observed  by  myself,  and 
which  I  hope  soon  to  communicate  to  the  Society,  led  me  to  the  con- 
clusion that  camphoric  acid  w-as  a  derivative  of  metadimethylhexa- 
metbylene  ;  and  on  this  assumption  the  foimula  for  this  acid  most  in 
agreement  with  its  reaction  seemed  to  be 

CH         H 

C 

/\ 
H,0         CH2 

I  I  /CH3 

COOH-HC         C< 

^COOH 


C 

This  constitution  would  explain  the  following  facts. 

a.  That  when  brominated  by  the  action  of  phosphorus  and  bromine 
only  a  monobromo-derivative  is  obtainable,  for  more  than  one  bromine 
atom  has  not,  as  yet,  been  introduced  into  the  molecule  by  these 
means.  In  accordance  with  the  researches  of  Hell,  Auwers,  and 
others,  the  bromine  always  enters  in  the  a-position  relatively  to  the 
carboxyl  group,  and  in  the  above  formula  only  one  leplaceable  hydrogen 
atom  exists  in  such  a  position. 

b.  When  a  hydroxyl  group  is  substituted  for  the  bromine  atom,  a 
lactonic  acid  is  produced,  hence  the  bromine  atom  must  be  in  the 
y-position  relatively  to  the  second  carboxyl  group. 

Moreover,  Reyl  er  {Inauy.  Disaert.  Leipzig,  1891)  has  shown  that  this 
lactonic  acid  (camphanic  acid),  on  oxidation,  yields  camphoronic  acid. 

On  these  assumptions,  a  formula  for  camphoronic  acid  would  be 
derived  as  follows  : 
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CH3  ^^H 

^^3\/^ 

0 

0 

0  H  ..^X                     TT 

/\ 

/\ 

■^\  /H 
COOH-C<^ 

HoC      CH, 

H9C       CHg 

"  1        1  /CH3 
\/  \COOH 

c 

OH.  ^  1        1  /CH3 

COOH/^  \/  \C00H 
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CH2 

i/CH3 

COOH-C^   ^COOH 

H2 

H, 
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Camphoric  acid. 

Caraphanic  acid. 

Camphoronic  acid. 

The  latter  substance  was  synthesised  in  the  following  way. 

Ethylic  methacrylate  was  heated  with  ethylic  sodioinethylmalonate 
according  to  the  method  of  Anwers,  Kobner,  and  v.  Meyenburg  {Ber., 
1891,  24,  2887),  and  the  sodio-additive  product,  without  being  iso- 
lated, was  treated  directly  with  ethylic  sodacetate  and  then  bydrolysed. 

CH.,:C(CH3)-COOaH5  +  CHg-  CN"a(C000.,Hg)2  = 

CHg- C(COOC2H5),- CHg- C^^a(CH3^•COOC2H-,. 

CHo-  C(COOCoH5).,-CH,-CXa(CH,>COOCoH5  +  CH,I-  COOCH^  = 
"  CH3-CXCboaH5)2-CHo-C(OH3)(COOaH5)-CH.-COOC.3'H:,  +  Nal. 

CH,;  C(COOC,H,),-  C  H,-  C(CH3)(C00C,H-)  •  CH",-  COOO2H5  +  AU.p  = 
4C2H5-OH  +  CO,  +  COOH-  CH(CH3)-CH2-  C(CH3XCOOH)-CH2'COOH. 


Ethylic  Methacrylate. 

Ethylic  methacrylate  is  most  conveniently  prepared  by  a  modifica- 
tion of  Frankland  and  Duppa's  method  {Ann.,  1865,  136,  12),  namely, 
by  the  action  of  phosphorus  trichloride  on  ethylic  hydroxyisobutyrate. 

Preparation  of  Ethylic  Hydroxyisohuti/rate. — Hydroxyisobutyric  acid 
dissolved  in  twice  its  weight  of  absolute  alcohol  containing  3  per  cent. 
of  hydrogen  chloride  is  left  for  a  couple  of  days  over  fused  sodium 
sulphate,  and  then  heated  for  2  hours  on  a  water  bath.  After  fractiona- 
tion, a  portion  boiling  between  145°  and  155°  was  obtained  and  used 
for  subsequent  operations.  The  yield  is  about  50  per  cent,  of  the 
theoretical. 

Preparation  of  Ethylic  Methacrylate. — To  the  ethylic  hydroxyisobuty- 
rate prepared  as  above,  about  twice  the  theoretical  quantity  of  phospho- 
rus trichloride  is  added  drop  by  drop  ;  the  mixture  is  then  heated  gently 
for  a  few  minutes  on  a  sand  bath,  using  a  reflux  condenser,  until  it 
begins  to  get  turbid  owing  to  the  separation  of  phosphorus  ;  it  is  then 
distilled,  tfec,  one  fractionation  being  sutScient  to  separate  the  ethylic 
methacrylate  from  the  phosphorus  compounds.  In  order  to  remove 
the  last  traces  of    the  latter,  the  distillate  is  shaken  with  a    dilate 


70        SYNTHESIS   OF   AN    ISOMERIDE   OF   CAMPHORONIC   ACID. 

solution  of  potassium  carbonate.  It  is  advisable  to  avoid  frequent 
fractionation  owing  to  the  ease  with  which  the  methacrylate  poly- 
merises. 

Synthesis  of  the  IsomeriJe  of  Camphoronic  acid. 

For  this  purpose,  the  ethylic  methacrylate  is  treated  with  ethylic 
sodiomethylmalonate,  according  to  the  method  employed  by  Auwers 
and  others  (loc.  cit.)  in  the  preparation  of  dimethylglutaric  acid. 
Instead  of  decomposing  the  sodium  additive  product,  however, 
ethylic  iodacetate  is  added  directly  to  the  alcoholic  solution  ;  the 
mixture  becomes  hot,  and  the  reaction  is  completed  by  heating  it  in  a 
corked  soda  water  bottle  at  100°  until  it  is  nearly  neutral.  The 
alcohol  is  then  distilled  off,  and  the  oily  residue  washed  with  water. 
As  the  molecular  weight  of  the  ethylic  salt  thus  obtained  is  so  high 
that  it  cannot  be  advantageously  submitted  to  fractional  distillation, 
it  is  hydrolysed  directly  with  twice  its  volume  of  hydrochloric 
acid  (1  water  :  1  acid),  as  recommended  by  Auwers  in  similar  cases. 

The  product,  after  being  filtered  and  distilled  with  steam,  to  separate 
tte  propionic  and  other  volatile  acids  formed,  is  extracted  several 
times  with  ether.  It  is  advisable  to  put  a  little  animal  charcoal  into 
the  flask  during  the  steam  distillation,  so  as  to  decolorise  the  liquid. 
The  ethereal  extract  contains  much  methylsuccinic  acid  formed  by  the 
action  of  the  ethylic  iodacetate  on  unchanged  ethylic  methylmalonate  ; 
there  is,  however,  another  acid  present,  which  can  be  separated  from 
the  rest  owing  to  the  fact  that,  like  camphoronic  acid,  it  forms  a  lead  salt 
insoluble  in  acetic  acid.  Accordingly,  the  residue  left  on  evaporating  the 
ethereal  extract  is  dissolved  in  water,  and  lead  acetate  is  added  without 
2»'eviously  neutralising  the  solution ;  the  precipitate  of  lead  salt,  after 
being  washed  with  water,  alcohol,  and  ether,  is  dried,  suspended  in 
ether,  and  decomposed  by  dry  hydrogen  sulphide.  On  evaporating  the 
filtrate  from  the  lead  sulphide,  an  almost  colourless  syrup  is  left, 
which  does  not  crystallise  even  after  standing  for  several  months  in  a 
desiccator. 

Attempts,  were  made  to  prepare  a  crystalline  anhydride  from  it 
on  the  assumption  that  the  syrup  was  a  mixture  of  geometrical 
isomerides  and  therefore  not  easily  crystallisable.  For  this  purpose, 
it  was  treated  with  acetyl  chloride,  when  a  minute  quantity  of  crystals 
separated  ;  water  was  then  added  to  the  acetyl  chloride  solution,  the 
acetic  acid  removed  by  evaporation,  and  a  silver  salt  prepared  by 
precipitation.  This,  after  being  washed  and  dried,  was  suspended  in 
ether  and  decomposed  by  hydrogen  sulphide,  but  on  evaporating  the 
ether  a  syrup  was  again  obtained.  This  was  dissolved  in  strong  nitric 
acid,  when'a  slight  oxidation  took  place,  and  the  solution  was  imme- 
diately diluted  with  an  equal  bulk  of  water.     After  some  time,  crystals 
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of  the  hydroxy-acid  began  to  separate  iu  hard,  indistinct  crusts,  and 
these,  after  being  separated  from  the  mother  liquor,  and  dried  over 
sulphuric  acid  and  caustic  soda  in  a  vacuum,  so  as  to  free  them  from 
the  last  traces  of  water  and  nitric  acid,  were  recrystallised  once  or 
twice  from  ether  which  had  been  distilled  over  sodium.  The  substance 
was  thus  obtained  in  snow  white,  microscopic  crystals  melting  sharply 
at  137°. 

0-1448  gave  0-2452  CO2  and  0-794  H2O.     C  =  46-18;  H  =  6-09. 
CgHj^Oy  requires  0  =  46-15  ;  H  =  5-98  per  cent. 

It  may  be  remarked  that  camphoronic  acid,  when  treated  with 
nitrohydrochloric  acid,  is  also  oxidised  to  oxycamphoronic  acid. 

It  had  been  my  intention  to  prepare  this  acid  in  larger  quantities 
and  investigate  its  salts,  but  the  synthesis  takes  a  long  time  to  carry 
out  and  is  costly.  As,  moreover,  Drs.  W.  H.  Perkin,  jun.,  and  J.  T. 
Thorpe  published  their  synthesis  of  the  true  camphoronic  acid  at  the 
time  my  work  had  reached  the  stage  described,  the  main  object  with 
which  it  had  been  undertaken  was  accomplished,  and  I  have  therefore 
been  compelled  to  relinquish  any  further  investigations  in  this 
direction. 

IV. — Properties  and  Relationships  of  Diliydroxy- 
tartaric  Acid.     Part  I. 

By  Henky  J.  HoRSTMAN  Fenton,  M.A. 

This  acid  was  first  observed  by  Griiber,  who  obtained  it,  in  solu 
tion,  by  the  action  of  nitrous  acid  on  protocatechuic  acid  (Ber., 
1879,  12,  514).  It  was  afterwards  prepared  from  pyrocatechol  by 
Barth  (Sitz.  Acad.  Wein,  82,  ii,  1024) ;  from  guaiacol  by  Werzig,  and 
from  "  nitrotartaric  acid  "  by  Kekule  (4nwaZe?^,  1883,  221,230)  in 
a  similar  manner  ;  these  authors  isolated  it  in  the  form  of  the  spar- 
ingly soluble  sodium  salt,  and  from  this  the  free  acid  was  subse- 
quently obtained  by  Miller  {Ber.,  1889,  22,  2015).  The  salt  was  de- 
composed by  hydrogen  chloride  under  ether,  excess  of  hydrogen 
chloride  being  avoided  and  moisture  carefully  excluded  j  but  since 
its  isolation  by  Miller,  the  free  acid  appears  to  have  been  scarcely 
examined. 

In  a  former  communication  (Trans.,  1895,  67,  48),  it  was  shown 
that  a  solution  of  dihydroxy tartaric  acid  may  very  easily  be  obtained 
by  the  oxidation  of  the  new  acid  C^H^Og  (dihydroxymaleic  acid)  with 
bromine  in  presence  of  water.  The  change  takes  place  nearly  quanti- 
tatively according  to  the  equation 

C^H^Og  +  2H2O  +  Br2  =  C^HgOg  +  2HBr. 
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The  solution  was  precipitated  Avith  sodium  carbonate,  and  the  free 
acid  prepai'ed  from  the  sodium  salt  by  Miller's  method.  The  yield  of 
free  acid  obtained  by  this  method  appears  to  be  small,  probably 
owing  to  its  very  sparing  solubility  in  anhydrous  ether.  It  was 
mentioned,  however,  that  the  free  acid  might  be  directly  obtained  from 
the  solution  after  oxidation  with  bromine,  without  first  preparing 
the  sodium  salt ;  this  was  effected  by  concentrating  the  solution 
in  a  vacuum  desiccator  over  solid  potash,  but  the  purity  of  the  pro- 
duct was  uncertain.  Further  experiments  have  now  shown  that,  by 
modifying  the  details  previously  given,  this  process  affords  a  very 
simple  and  productive  method  for  the  preparation  of  the  acid  in  a 
state  of  purity. 

Having  regard  to  the  vei'y  interesting  constitution  of  this  acid  and 
to  the  close  relation  which  has  been  shown  to  exist  between  it  and 
dihydroxymaleie  acid,  it  was  considered  desirable  to  take  advantage 
of  this  new  method  of  pi'eparation  and  to  make  a  study  of  the  proper- 
ties of  the  acid. 

Preparation  of  the  Acid. 

Crystallised  dihydroxymaleie  acid,  C^H^Og,2H20,*  is  well  triturated 
with  from  4  to  5  times  its  weight  of  glacial  acetic  acid  ;  and  rather 
more  than  the  calculated  quantity  of  bromine,  dissolved  in  a  little 
glacial  acetic  acid,  is  added  to  the  mixture  in  small  portions  at  a  time. 
The  first  portions  are  almost  instantly  bleached,  but  the  action  after- 
wards becoviies  more  sluggish  and  apparently  ceases — a  few  drops  of 
water  are  then  added,  whereupon  the  colour  of  the  bromine  is  again  im- 
mediately discharged.  The  addition  of  bromine  is  continued  until  the 
colour  is  quite  permanent  on  standing,  even  when  a  drop  or  two  of  water 
is  added.  It  has  been  previously  shown  [loc.  cit.)  that  this  final  stage 
is  reached  when  the  bromine  has  been  added  in  about  the  calculated 
proportion  (1  mol.  acid  to  1  mol.  bromine)  ;  fumes  of  hydrogen  bro- 
mide are  freely  evolved  during  the  operation.  The  dihydroxymaleie 
acid  is  nearly  insoluble  in  cold  glacial  acetic  acid,  but  when  the 
oxidation  is  finished  complete  solution  takes  place.  The  solution  is 
allowed  to  stand  for  an  hour  or  two,  and  then  vigorously  stirred, 
when  the  dihydroxytartaric  acid  quickly,  sometimes  suddenly,  sepa- 
rates as  a  heavy,  white,  crystalline  powder. 

The  product  is  now  collected  and  drained  with  the  aid  of  the  pump, 
washed  once  or  twice  with  small  quantities  of  anhydrous  ether,  and 
kept  in  a  vacuum  desiccator  over  solid  potash  and  sulphuric  acid  to 
remove  the  last  traces  of  hydrobromic  acid,  acetic  acid,  bromine  and 
ether.  The  yield  of  purified  product  thus  obtained  is  70  per  cent,  or 
more  of  the  theoretical.  Thus,  using  IS"!  grams  of  dihydroxy- 
*  For  the  preparation  of  this  acid,  see  Trans.,  1894,  65,  901, 
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raaleic  acid,  80  c.c.  of  acetic  acid,  and  5 "5  c.c.  of  bromine,  the  yield  of 
pure  product  was  13-3  grams.  Tiieory  =  18'2  grams.  Again,  with 
28  grams  of  dihydroxymaleic  acid,  120  c.c.  of  acetic  acid,  and  9  c.c. 
of  bromine,  the  yield  was  21  grams.  Theory  =  27*7  grams.  The 
remainder  may  of  course  be  recovered  as  sodium  salt  by  neutralising 
with  sodium  carbonate. 

The  product  thus  obtained,  when  heated  in  a  capillary  tube,  melts 
sharply,  and  decomposes,  at  114 — 115°.  The  acid  previously  prepared 
by  Miller's  method  melted  and  decomposed  at  98°. 

I.  0-1492  gave  0-1421  00^  and  0*0443  HA    C  =  25-97;  H  =  3-29. 
II.  0-1736     „     0-1667  CO2    „    00516  H^O.    C  =  26-18 ;  H  =  3-30. 
C^HgOg  requires  C  =  26-37  ;  H  =  3-30  per  cent. 

Action  of  Heat. 

Preparation  of  Tartronic  Acid. 

Dry  Acid. — It  might  perhaps  be  expected  from  the  constitution  of 
dihydroxy tartaric  acid  that  it  would   tend  to  lose  water  on  heating, 

giving    the    diketonic    acid,     1  ,  especially  as   Anschlitz    has 

*        *=  CO-COOH       ^  ^ 

shown  {A7inalen,  1891,  261,  130)  that  the  ethylic  salt  has  a  composi- 
tion corresponding  to  this  acid  ;  it  is  found,  however,  that  the  free 
acid  when  heated  at  90°  in  a  current  of  dry  hydrogen  for  about  one 
hour,  undergoes  no  loss  in  weight.  Heated  in  a  vacuum  on  a  water 
bath  at  90 — 100°,  it  loses  weight  slowly  and  somewhat  irregularly, 
and  gradually  turns  dark  brown  without  melting  ;  the  loss  of  weight 
after  5  hours  heating  was  about  42  per  cent.,  that  is,  considerably 
more  than  is  represented  by  the  loss  of  all  the  hydrogen  as  water. 
The  residue,  moreover,  when  dissolved  in  water  and  tested  with 
sodium  carbonate,  no  longer  gives  the  reaction  of  dihydroxytartaric  acid. 

Aqueous  Solution, — Griiber  showed  that  the  sodium  salt,  when  heated 
with  water,  is  resolved  into  sodium  tartronate  and  carbon  dioxide. 
An  aqueous  solution  of  the  free  acid  is  found  to  undergo  a  similar 
change  ;  when  this  is  gently  heated,  carbon  dioxide  is  freely  evolved,, 
and  the  solution,  after  concentration,  yields  crystals  of  pure  tartronic 
acid,  as  will  be  seen  from  the  following  results. 

A  few  grams  of  dihydroxytartaric  acid  were  dissolved  in  water, 
the  solution  heated  on  a  water  bath  until  carbon  dioxide  ceased  to  be 
evolved,  and  then  concentrated  to  a  small  bulk  and  allowed  to  stand 
in  a  desiccator;  in  a  few  days,  long,  transparent  prisms  separated, 
which,  after  being  drained  on  filter  paper,  air  dried,  and  then  heated 
at  100°  until  the  weight  was  constant,  were  analysed. 

I.  0-1603  gave  0-1750  CO.  and  00476  HoO.     0  =  2976  ;  H  =  3-29. 
Tartronic  acid,  C3H4O5  requires  C  =  3000  ;  H  =  3-33  per  cent. 
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II.  0  6067  substance,  on  titration,  required  12 '4  c.c.  of  a  solution 
of  caustic  soda  containing  00187  Na  per  c.c.  Theory  for  a  dibasic 
acid,  CMfi^=l2-0  c.c. 

The  crystals  melted  at  158 — 159°;  the  melting  point  of  tartronic 
acid  has  been  very  variously  given  by  different  authors,  but  Griiber 
(loc.  clt.),  and  Massol  {Compt.  rend.,  1892,  114,  422),  both  obtained 
anhydrous  crystals  melting  at  155°. 

[Tlie  crystals  appear  to  separate  from  the  solution  in  the  anhydrous 
state,  and  not  with  |HoO  as  sometimes  stated,  since  they  undex'go 
scarcely  any  change  in  appearance  when  heated  at  100°.  The  air 
dried  crystals  gave,  on  analysis, 

0  =  29-14;  H-3-27.     C3H405,-JH20  would  require  C  =  27-9;  H  =  3-8. 

The  water  is,  therefore,  probably  only  "mechanical."] 

This  reaction,  then,  affords  an  extremely  easy  and  productive  method 
for  the  preparation  of  pure  tartronic  acid ;  the  yield  is  almost 
theoretical,  and  the  product  is  pure  without  recrystallisation.  Thus 
09696  gram  of  dihydroxytartaric  acid  was  dissolved  in  water,  the 
solution  heated  as  described  above,  taking  care  to  avoid  loss  by  spirting, 
and  then  allowed  to  evaporate  in  a  vacuum  desiccator ;  the  crystalline 
residue  dried  at  100°  until  the  weight  was  constant,  melted  at 
157 — 158°,  and  its  weight  was  0'6237  gram,  theory  requiring  0"6392 
gram. 

Titration  hy  Alkalis. 

Judging  from  the  observation,  above  referred  to,  that  sodium  dihydr- 
oxy tartrate,  when  heated,  decomposes  into  sodium  tartronate  and 
carbon   dioxide,  Griiber  considered    that  the    acid  was  "  carboxytar- 

tronie "   acid,    p^^TT/>C(OH)'COOH,    and    consequently    that    the 

sodium  compound  was  an  acid  salt.  Attempts  to  prepare  the  normal 
salt  were,  however,  unsuccessful.  Griiber  found  that  the  sodium  salt 
was  not  acted  on  by  a  dilute  solution  of  caustic  soda,  and  Barth  showed 
that  dry  ammonia  was  also  without  action  on  it  ;  a  strong  solution  of 
caustic  soda  dissolves  it,  but  apparently  decomposes  it,  since  the 
sparingly  soluble  salt  cannot  be  again  obtained  from  the  solution  after 
acidification.  Barth,  however,  prepared  and  analysed  the  barium  salt 
and  found  its  composition  to  be  'BA^{C^i0.j). 21^15. ,,0,  corresponding 
with  the  normal  salt  of  a  tribasic  acid  C.H.O-. 

4       4      / 

SiuL-e  this  acid  had  been  obtained  from  benzenoid  compounds  and 
was  regarded  as  tribasic,  with  one  carbon  atom  directly  associated  to 
three  others,  arguments  were  advanced  from  its  supposed  constitution 
which  wereat  variance  with  Kekule's  well  known  benzene  symbol.  Kekul<5 
then  made  an  exhaustive  study  of  the  sodium  salt  obtained  fx-om 
various  sources.      He   showed  also  that  it  could  be  prepared  from 
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■"  nitrotartaric  "  acid,  and  tliat  by  reduction  with  zinc  and  acid,  modifi- 
cations of  tartaric  acid  were  produced.  His  results  indicated  that  the 
iicid  is  in  reality  dibasic,  having  the  formula  C^HgOg  (dihydroxytartario 
acid,  or  tetrahydroxysuccinic  acid),  and  that  the  sodium  compound  is 
a  normal  salt ;  he  suggests  that  the  barium  salt  obtained  by  Barth,  if 
it  is  a  homogeneous  substance,  may  be  a  basic  salt,  or  that  replace- 
ment may  have  taken  place  in  the  hydroxy!  groups. 

The  acid  being  now  available  in  quantity,  and  in  a  pure  state, 
it  was  considered  that  the  results  of  titration  by  various  alkalis  might 
be  of  interest,  as  affording  further  evidence  with  regard  to  the 
basicity  of  the  acid.  Experiments  were  accordingly  made,  using 
sodium,  potassium,  and  barium  hydroxides,  as  well  as  ammonia  and 
sodium  carbonate,  with  the  following  results. 

I.  03778  gram  of  acid  dissolved  in  5  c.c.  of  water  required  6*9  c.c.  of 
a  solution  of  caustic  soda,  prepared  from  metallic  sodium,  containing 
0'01877  Na  per  c.c.  ;  phenolphthalein  was  used  as  indicator,  and  the 
most  minute  precautions  were  taken  in  order  to  ensure  the  exclusion 
of  carbon  dioxide,  not  only  during  the  preparation  of  the  solution,  but 
also  from  the  water  employed,  and  during  the  operation  of  titration. 

One  mol.  of  acid  required,  therefore,  2*7  mols.  NaOH  for  neutralisa- 
tion. 

II.  0  6035  gram  of  acid  in  5  c.c.  of  water  required  87  c.c.  of  normal 
KOH  solution.  (Phenolphthalein  as  indicator.)  One  mol.  of  acid 
neutralised  26  mols.  of  KOH. 

III.  06035  gram  of  acid  in  5  c.c.  of  water  required  6*4  c.c.  of  normal 
sodium  carbonate.  (Methyl-orange  as  indicator.)  One  mol.  of  acid 
neutralised  0-96  mol.  of  Na^COg. 

IV.  0  2910  gram  of  acid  required  15 "5  c.c.  of  barium  hydroxide 
solution  containing  0'0225  gram  of  Ba(OH)^  per  c.c.  (Phenolphthalein 
as  indicator.)     One  mol.  of  acid  neutralised  1'27  mols.  of  Ba(0H)2. 

Y.  0'4218  gram  of  acid  in  about  10  c.c.  of  water  required  11*3  c.c. 
of  a  solution  of  pure  ammonia  containing  7*5555  gram  NHg  per  litre. 
(Litmus    as    indicator.)      One    mol.    of    acid    neutralised    2-16    mols. 

of   NH3. 

The  colour  indications  with  phenolphthalein,  although  sharp  at  first, 
quickly  faded,  and  another  drop  or  so  of  alkali  was  required  to  restore 
the  colour;  in  the  case  of  litmus,  the  blue  colour  quickly  changed  to 
wine-red  in  a  similar  way.  The  numbers  given  repi-esent  the  amount 
of  alkali  required  to  give  a  colour  change  which  was  permanent  for  a 
few  minutes ;  the  differences  between  the  initial  and  final  colour- 
change,  however,  were  small,  amounting  only  to  about  0  2  to  O'S  c.c. 

These  results  would  appear  to  indicate  that  dihydroxy tartaric  acid 
behaves   normally   as  a  dibasic  acid  towards  sodium   carbonate  and 
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ammonia,  but  that  with  the  hydroxides  of  sodium,  potassium,  and 
barium,  its  behaviour  is  intermediate  between  that  of  a  dibasic  and  a 
tribasic  acid. 

At  first  it  seemed  probable  that  the  high  results  obtained  when 
*' strong "  bases  are  employed  might  be  explained  by  supposing  that 
one  or  moi'e  of  the  alcoholic  hydroxyl  groups  in  the  acid  exerted 
"acid"  functions  and  that  the  compounds  formed  are  more  or  less 
hydrolysed  ;  or  that  the  acid  might  in  reality  be  tribasic  carboxy- 
tartronic  acid  as  was  formerly  believed,  the  replacement  of  the  third 
atom  of  hydrogen  giving  rise  to  an  unstable  salt  as  in  the  case- 
of  orthophosphoric  acid. 

Dilution  of  the  solution,  however,  has  but  little  effect,  as  seen  by 
the  following  experiments. 

VI.  0'3158  gram  of  acid  dissolved  in  50  c.c.  of  water  required 
5*45  c.c.  of  NaOH  solution  containing  0*0189  gram  Na  per  c.c.  One 
mol.  of  acid  neutralised  2*6  mols.  of  NaOH. 

VII.  0"3391  gram  of  acid  dissolved  in  150  c.c.  of  water  required 
5 "8  c.c.  of  the  same  NaOH  solution.  One  mol.  of  acid  neutralised 
2-5  mols.  of  NaOH. 

The  high  results  might,  on  the  other  hand,  be  due  to  the  partial 
decomposition,  at  the  ordinary  temperature,  of  the  acid  into  dibasic 
tartronic  acid  and  carbon  dioxide  ;  such  a  decomposition  woiald  not 
influence  the  result  when  methyl-orange  was  used  as  indicator,  but 
would  give  a  high  result  with  phenolphthalein.  Various  experiments 
Avere  therefore  made  in  order  to  throw  light  upon  this  question. 

YIII. — A  standard  solution  of  the  acid  was  prepared  and  a  portion 
titrated  immediately  with  soda ;  the  remainder  of  the  solution  was 
allowed  to  stand  for  about  2  hovirs  and  an  equal  portion  again  titrated 
with  the  same  soda.     The  two  results  were  practically  identical. 

IX. — Air,  carefully  purified  from  carbon  dioxide  by  passing  it 
through  strong  caustic  soda  solution  and  then  through  baryta-water, 
was  allowed  to  bubble  through  a  freshly  pi-epared  solution  of  0-3208 
gram  of  acid  in  about  10  c.c.  of  water  contained  in  a  small  flask. 
The  issuing  gas  was  carefully  tested  for  carbon  dioxide  by  passing  it 
through  a  series  of  bulbs  containing  baryta  water ;  no  trace  of 
turbidity  could  be  detected  for  the  first  10  or  12  minutes,  after  which, 
however,  a  faint  cloudiness  was  perceptible  in  the  first  bulb. 

From  the  results  of  these  last  two  experiments  it  appears  to  be 
very  improbable  that  the  high  results  on  titration  can  be  due  to  the 
decomposition  of  the  acid  itself.  But  it  may  be  that  the  salt  produced 
is  Ipss  stable  than  the  acid,  and  breaks  up  in  the  manner  indicated. 

X. — 0-3223  gram  of  acid  was  dissolved  in  about  10  c.c.  of  water  and 
the  experiment  conducted  exactly  as  in  IX,  but  with  the  alteration  that, 
as  soon  as  the  acid  had   dissolved,  standard  caustic   soda   was    run   ia 
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from  a  burette  in  quantity  insuificient  for  neutralisation  (about  0'054 
gram  Na).  Carbon  dioxide  was,  in  this  case,  given  off  almost  im- 
mediately ;  after  3  minutes  there  was  a  dense  turbidity  in  the  first 
baryta  bulb  and  after  5  minutes  all  three  bulbs  were  turbid.  The 
soda  solution  had  been  prepared  from  metallic  sodium  with  great 
precautions  to  exclude  carbon  dioxide,  and  the  apparatus  from  which 
it  was  supplied  was  constructed  so  as  to  avoid  the  possibility  of 
contamination.  Still  it  was  considered  advisable  to  make  a  blank 
test  with  the  whole  apparatus,  and  this  was  done,  dilute  sulphuric  acid 
being  partially  neutralised  with  the  same  soda  solution  and  the 
experiment  conducted  exactly  as  before.  No  trace  of  carbon  dioxide 
could  be  detected  after  passing  the  air  for  10  minutes. 

It  is  tolerably  certain  therefore  that  the  high  results  on  titration 
are  due  to  the  splitting  up  of  the  salts  produced  into  tartronate  and 
carbon  dioxide ;  if  this  is  so,  one  would  expect  that  lower,  if  not 
normal,  results  should  be  obtained  on  cooling  the  solutions,  the 
titrations  mentioned  all  having  been  performed  at  the  ordinary 
tempei'ature  of  the  laboratory.     This  indeed,  is  found  to  be  the  case. 

XI. — 0"4498  gram  of  acid  in  about  10  c.c.  of  water  was  cooled  by 
ice  and  standard  caustic  soda  containing  0*02183  gram  of  Na  per  c.c. 
was  slowly  run  in,  phenolphthalein  being  used  as  indicator.  5*4  c.c. 
were  required  for  neutralisation.  One  mol.  of  acid  neutralised  2'07 
mols.  of  NaOH. 

XII. — 0  3201  gram  of  acid  in  about  10  c.c.  of  water  was  cooled,  as 
above,  and  titrated  with  pure  ammonia  solution  containing  7"5555 
grams  of  NHo  per  litre ;  7*9  c.c.  were  required.  Litmus  was  used 
as  indicator  and  the  final  blue  colour  was  permanent  for  5  minutes 
or  more.     One  mol.  of  acid  neutralised  1-99  mols.  of  NH^. 

XIII. — 03076  gram  of  acid  in  about  10  c.c.  of  water,  cooled  as 
before,  required  14*7  c.c.  of  baryta  water  containing  0'02244  gram  of 
Ba(OII).^  per  c.c.  (phenolphthalein  as  indicator).  One  mol.  of  acid 
neutralised  1"14  mols.  of  Ba(OH).,. 

Reduction  of  Dilcydroxy tartaric  Acid  to  the  Acid  C^H^O^. 

It  has  already  been  pointed  out  (Trans.,  1895,  67,  48)  that  the  new 
acid,  C^H^Og  (dihydroxymaleic  acid  and  its  isgmeride),  may  be  regarded 
as  intermediate  between  tartaric  and  dihydroxytartaric  acids ;  that  is, 
the  anhydrous  acid  contains  2  atoms  of  hydrogen  less  than  tartaric 
acid,  and  the  hydrated  acid  contains  two  atoms  of  hydrogen  ??iO»'e  than 
dihydroxytartaric  acid 

I.  C,H,0,.  II.  C,H,0„2H,0.  III.  C^H.Og. 

Or,  if  it  be  assumed,  as  is  not  improbable  (loc.  cit.,  Ql,  777),  that  a 
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solution   of    the  acid    C^H^O^    contains    trihydroxysuccinic    acid,   the 
relation  is  perhaps  better  illu&trated  thus, 

T.  C.H2(0H).,(C00H).,.  IL  C2H(OH)3(COOH),. 

III.  C2(0H),(C0OH)o. 

The  convei'sion  of  I  into  II  is  brought  about  by  the  oxidation  of  tartaric 
acid  in  presence  of  ferrous  iron,  of  II  into  I  by  hydrogen  iodide,  and 
II  is  easily  oxidised  to  III  by  bromine  and  water. 

The  missing  transformation  was  that  of  III  into  II,  that  is,  the  re- 
duction of  dihydroxytartaric  acid  to  the  acid  C^H^Og.  This  trans- 
formation has  now  been  effected  in  several  ways,  and  can  be  very  easily 
recof^nised  owing  to  the  striking  difference  in  properties  between  the 
two  acids  ;  for  example,  dihydroxytartaric  acid  is  very  easily  soluble  in 
cold  water,  deliquesces  slowly  on  exposure  to  the  air,  and  its  aqueou-s 
solution  gives  no  colour  reaction  with  ferric  chloride.  On  the  other 
hand,  both  the  a  and  /3  forms  of  the  acid  C^H^O^  are  very  sparingly 
soluble  in  cold  water,  and  the  hydrated  crystals,  0^11^05,21120,  are 
quite  permanent  in  the  air  ;  moreover,  their  aqueous  solutions  give  a 
transient,  emerald-green  coloration  with  ferric  chloride  in  presence  of 
mineral  acids,  and  a  beautiful  blue-violet  with  ferric  chloride  followed 
by  caustic  alkali  in  excess. 

Action  of  Zinc  and  Dilute  Acid. — Kekule  {loc.  cit.,  239)  showed  that 
sodium  dihydroxy tartrate,  when  treated  with  excess  of  zinc  and  hydro- 
chloric acid,  gave  rise  to  racemic  and  inactive  tartaric  acids  (together 
with  a  small  quantity  of  a  substance  assumed  to  be  tartronic  acid). 
This  change  is  usually  explained  by  supposing  the  dihydroxytartaric 

..       ,    ,  j-i    ^     •        -1   CO-COOH 

acid  to  behave  as  a  diketonic  acid,    i  • 

OO'OOOxl 

It  is  now    found  that,   by   using  a  limited  quantity  of    zinc,  the 
acid  C^H^Og  may  be  isolated  as  an  intermediate  stage.     To  dihydroxy- 
tartaric acid  (1  mol.)  dissolved  in  water,  and  mixed  with  granulated 
zinc  (1  atom),  dilute  sulphuric  acid  was  gradually  added,  the  mixture 
being  kept  cold  by  ice ;  when  all  the  zinc  had  dissolved,  a  portion  of 
the  liquid,  on  being  tested   with   ferric  chloride,  was   found   to  give 
strongly  marked  colour  reactions  characteristic  of   the  acid  C^H^Og. 
The  remainder  of  the  liquid  was  carefully  mixed  with  about  one-tenth 
of  its  volume  of  strong  sulphuric  acid,  twice  extracted  with  ether,  and 
the  ethereal  solution  evaporated  ;  the  white  residue  thus  obtained  was 
very  sparingly  soluble  in  cold  water,  but  dissolved  readily  in  warm 
water,  and  the  aqinous  solution  showed  all  the  reactions  of  the  acid 
C  H  O..     On  cooling  this  solutiou,  crystals  separated  which,  when  ex- 
amined under  tlie  microscope,  were  found   to  consist  entirely  of  the 
^modification  of  the  acid.* 

*  C'oinmprcinl  .'ojinm  dihydroxytartrate  gave  an  exactly  similar  result. 
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The  constitution  of  this  /3-modification  has  not  yet  been  ascertained, 
but  it  was  shown  {loc.  cit.,  69,  561)  that,  not  improbably,  it  is  dihydroxy- 
fumaric  acid.  If  so,  its  production  in  the  manner  just  described  would 
seem  to  be  somewhat  analogous  to  the  formation  of  piuacones,  the  group 

-C=0  -C-OH 

(^_(i._  becoming       qjj_m_       . 

But  this  /3-acid  may,  instead,  have  the  alternative  formula  suggested. 

namely, 

CH(OH)-COOH 

CO-COOH 

in  which  case  the  change  would  be  readily  understood. 

Hydrogen  sulphule  or  stannous  chloride,  when  used  in  limited  quan- 
tity, eifects  a  similar  reduction. 

Action  of  Hydrogen  Bromide. — Attempts  were  made  by  various 
methods  to  bring  about  the  dehydration  of  dihydroxytartaric  acid,  and, 
with  this  object  in  view,  the  action  of  hydrogen  bromide'was  studied. 
It  has  been  previously  shown  that,  in  the  case  of  dihydroxymaleic  acid, 
the  action  of  hydrogen  bromide  in  glacial  acetic  acid  solution  brings 
about,  as  a  final  effect,  the  loss  of  1  mol.  H2O  with  production  of  the 
substance  C^HoOg  (which  appears  to  be  the  lactonic  acid  cori'esponding 
with  the  /3-form  of  the  acid). 

Dihydroxytartaric  acid,  however,  Avhen  submitted  to  this  treatment, 
gave  an  altogether  unexpected  result.  Abovit  25  grams  of  the  acid 
were  mixed  with  250  c.c.  of  glacial  acetic  acid,  and  the  mixture  satu- 
rated with  dry  hydrogen  bromide  at  about  15°,  when  the  acid  dissolved 
completely  after  standing  and  shaking.  The  solution,  after  about 
2  days,  was  heated  in  a  pi-essure-bottle  at  60 — 70°  for  2  hours,  and  the 
product,  which  was  bright  orange-red,  was  then  distilled  down  to  a 
small  bulk  under  reduced  pressure.  It  was  observed  that  practically 
all  the  colour  passed  over  with  the  first  half,  or  so,  of  the  distillate, 
leaving  a  colourless  residue  in  the  distilling  flask.  This  residue,  which 
set  to  a  crystalline  mass  on  cooling,  was  found  to  consist  of  two  sub- 
stances, one  of  which  was  very  easily  soluble  in  ether,  glacial  acetic 
acid,  or  cold  water,  whilst  the  other  was  very  sparingly  soluble  in  these 
solvents ;  the  appearance  of  the  product  was  exactly  like  that  which 
had  been  obtained  in  the  case  of  dihydroxymaleic  acid,  and  on  testing 
it  with  ferric  chloride  and  alkali,  both  the  easily  and  the  sparingly 
soluble  portions  were  found  to  give  the  reactions  of  that  acid. 

The  sparingly  soluble  substance  was  then  dissolved  in  the  smallest 
possible  quantity  of  hot  water  and  cooled  as  quickly  as  possible,  to 
avoid  loss  by  decomposition,  which  began  on  heating,  when  crystals 
began  to  separate  almost  immediately ;  these,  on  examination  under 
the  microscope,  were  seen  to  consist  of   the  characteristic  diamond- 
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shaped  plates  of  dihydroxymaleic  acid.  A  few  crystals  of  the  y3-acid 
could  also  be  distingviished,  but  this,  of  course,  might  be  expected  since 
the  a-form  is  slowly  transformed  into  the  /i-form  by  hydrogen  bromide. 
The  crystals  were  collected,  washed  with  a.  small  quantity  of  cold  water, 
air  dried  on  filter  paper  for  24  hours,  and  analysed. 

0-1538  gave  0-1459  COg  and  0-0577  H2O.     C  =  25-87  ;  H  =  4-16. 
C^H40e,2H20  requires  0  =  26-08";  H  =  4-02  per  cent. 

That  part  of  the  residue  which  dissolved  easily  in  ether,  &,c.,  cor- 
lesponded  exactly  with  the  product  obtained  when  dihydroxymaleic 
acid  was  acted  on  by  hydrogen  bromide  in  acetic  acid  solution ;  the 
ethereal  solution,  on  evaporation,  gave  radiating,  feathery  crystals 
which  were  extremely  deliquescent.  It  dissolved  in  alkalis  giving  a 
bright  lemon-yellow  solution,  and  on  adding  ferric  chloride,  the  cha- 
racteristic blue-violet  coloration  was  produced.  The  aqueous  solution, 
on  standing  for  some  hours,  gave  short  prisms  of  the  j3-acid. 

It  follows,  therefore,  from  these  results,  that  when  dihydroxy tartaric 
acid  is  acted  on  by  excess  of  hydrogen  bromide  in  presence  of  acetic 
acid,  and  the  mixture  afterwards  distilled,  a  crystalline  product  is  left 
which  is  identical  with  that  obtained  when  dihydroxymaleic  acid  is 
treated  in  the  same  manner.  The  liquid  distillate,  however,  is  quite 
different.  In  the  case  of  dihydroxymaleic  acid,  it  is  practically  colour- 
less and  consists  only  of  acetic  and  hydrobromic  acids ;  but  with 
dihydroxytartaric  acid  the  first  portions  of  the  distillate  are  bright 
orange-red.  When  this  distillate  is  diluted  with  water  and  shaken 
with  ether  or  with  carbon  bisulphide,  the  orange-red  substance  may  be 
extracted,  and  is  found,  by  all  the  usual  tests,  to  be  bromine. 

Dihydroxytartaric  acid  therefore  acts  as  an  oxidising  agent  towards 
hydrogen  bromide,  liberating  bromine,  and  becoming  itself  reduced  to 
the  acid  C^H^O,;. 

This  is  the  converse  of  the  change  by  which  dihydroxytartaric  acid 
was  prepared  in  the  manner  described  above.     The  reaction 

C4H,06-l-2H20-hBr,  :^  C,H,0s  +  2HBr 

is  therefore  a  reversible  one,  the  direction  depending  on  the  masses  of 
the  reacting  substances,  and  pi-obably  to  some  extent  on  the  tempera- 
ture. The  forward  *  change  is  brought  about  at  the  ordinary  tem- 
perature, when  bromine  is  added  in  excess,  some  water  introduced, 
and  the  operation  conducted  in  an  open  dish  so  as  to  allow  of  the  free 
escape  of  hydrogen  bromide.  The  reverse  change  takes  place  when  a 
large  excess  of  hydrogen  bromide  is  used,  and  the  mixture  is  heated  in 
a  closed  vessel  and  afterwards  distilled ;  it  can  take  place,  to  Kome 

*  The  terms  "forward"  and  "reverse"  are  used,  for  sliortiiess  '  iu  the  seuse 
iudicated  by  the  arrows. 
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extent  at  any  rate,  at  the  ordinary  temperature,  for  if  dihydroxy- 
tartaric  acid  is  mixed  with  excess  of  a  satm-ated  solution  of  hydrogen 
bromide  in  glacial  acetic  acid,  allowed  to  stand  a  few  hours,  and  then 
kept  in  a  vacuum  desiccator  over  solid  potash  and  sulphuric  acid,  the 
residue  gives  sti-ongly  marked  reactions  of  dihydroxymaleic  acid  as 
well  as  of  those  of  dihydroxytartaric  acid.  If  the  orange-yellow  solu- 
tion, referred  to  above,  be  treated  with  water,  it  is  instantly  bleached, 
whereas  the  orange-yellow  distillate  obtained  from  it  is  not  affected  by 
water. 

It  is  possible  that,  both  in  the  forward  and  reverse  changes,  the 
unstable  compound,  C2(OH)2Br2(COOH)2  (dibromotartaric  acid),  is  first 
produced  as  an  intermediate  stage,  and  that  this,  by  the  action  of 
water,  gives  dihydroxytartaric  acid,  or  by  loss  of  bromine  gives 
dihydi'oxymaleic  acid. 

The  reversibility  of  this  action  explains  the  fact,  above  mentioned, 
that,  on  adding  bromine  to  the  crystallised  acid,  the  action  appears  to 
cease  considerably  before  the  calculated  quantity  of  bromine  has  been 
introduced,  but  again  proceeds  rapidly  on  the  addition  of  a  small 
quantity  of  water. 


V. — Stereochemistry  of  Unsaturated  ■Carbon  Compoimds. 
Part  I.     Etherification  of  Substituted  Acrylic  Acids. 

By  John  J.  Sudborough  and  Lorenzo  L.  Lloyd. 

In  a  series  of  communications  presented  to  the  German  Chemical 
Society  {Ber.,  1894,  27,  510,  1580,  and  3146),  Victor  Meyer  and  one  of 
us  were  enabled  to  show  that,  as  regards  the  ease  with  which  they  are 
etherified,   diortho  substituted   benzoic    acids    differ    completely   from 

COOH 
their  isomerides.     Acids  of  the  type  „//\„    ,  where  X  =  CI, Br,  NO2, 

COOH,  &c.,  are  entirely  unacted  on  when  their  methyl  alcoholic  solu- 
tions are  saturated  with  dry  hydrogen  chloride,  either  in  the  cold  or  at 
the  boiling  point  of  the  alcohol.  Acids  in  which  X  =  CHg,  OH,  F,  &c.> 
that  is  in  which  the  weights  of  the  substituting  groups  are  small,  yield 
minute  quantities  of  their  methylic  salts  when  their  boiling  solutions 
are  treated  with  hydrogen  chloride  for  some  time  (V.  Meyer,  Ber.,  1895, 
28,  1259).  Y.  Meyer  has  since  shown  that  the  method  of  etheri- 
fication suggested  by  E.  Fischer  and  Speier  {Ber.,  1895,  28,  3252),  in 
VOL.   LXXill  G 
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wliich  the  acid  is  boiled  with  a  3  per  cent,  solution  of  hydrogen  chloride, 
yields  similar  results,  and  is  preferable  to  the  method  first  adopted,  as 
many  acids,  which  are  but  sparingly  soluble  or  practically  insoluble  in 
cold  methylic  alcohol,  dissolve  readily  on  warming.  It  was  stated 
by  Victor  Meyer  and  one  of  us  that  this  abnormal  behaviour  of  diortho- 
substituted  benzoic  acids  is  to  be  attributed  to  stereochemical  causes, 
and  Wegscheider  [Monatsh.,  1895,  16,  75)  has  since  suggested  that,  if 
etherification  be  preceded  by  the  formation  of  an  additive  compound 
of  the  acid  and  alcohol,  the  groups  or  atoms  in  the  ortho-positions  may 
be  in  such  proximity  to  the  carboxylic  group  as  to  hinder  or  completely 
prevent  the  formation  of  the  additive  compound.  This  view  is  sup- 
ported by  the  fact  that  the  radicle  weight  or  volume  plays  an  important 
part  in  the  retai'dation  or  prevention  of  etherification  (Meyer,  Ber.,  1895, 
28,  1259).  Recent  investigations  by  Kellas  {Zeit.  2)hys.  Chem.,  1897, 
24,  221)  prove  that  the  retai'dation  is  not  merely  due  to  the  weight  of 
the  group  in  the  ortho-position,  as  among  oi'tho-substituted  benzoic 
acids  the  nitro-group  (NOo  =  46)  has  a  greater  retarding  influence  than 
either  bromine  or  iodine  (Br  =  80, 1  =  127). 

Menschutkin  has  also  been  able  to  draw  generalisations  regarding 
the  etherification  of  saturated  acids  of  the  aliphatic  series  from  his 
researches  on  primary,  secondary,  and  tertiary  fatty  acids  *  (^Annalen, 
1879, 195,  334,  and  1879,  197,  193). 

Formic  acid 61-7  p.  cent.  Isobutyric  acid    290p.cent. 

Acetic  acid 44*4      „  Methylacetic  acid  21-5        ,, 

Propionic  acid...  41-2       „  Trimethylacetic  acid  8-3        „ 

Butyric  acid    ...  33'3       „  Dimethylethylacetic    acid     3*5        „ 

From  these  results,  it   is   evident  that  an   acid  with  the  grouping 

E,  -yC'COOH  is  much  more  diflicult  to  convert  into  its  ethereal   salt 

than  acids  of  the  types  RCHg*  COOH  and  RR.CH-  COOH,  where  R,  R„ 
and    R„  represent    alkyl  groups.     The    broader    generalisation,    that 

acids  of  the  type  X,  -)G  •  COOH,  where  X  not  only  represents  alkyl 

X,/ 
groups  but  also  CI,  Br,  NOg,  &c.,  are  difficult  to  etherify,  does  not,  how- 
ever, hold  good,  since  trichloracetic  acid  is  more  readily  etherified  than 
acetic  acid  itself.  A  reason  for  this  anomalous  behaviour  of  tri- 
halogenised  acetic  acid  has  been  put  forward  by  Feilmaun  and  one  of 
us  (Proc,  1897,  241). 

*  These  numberg  represent  the  initial  velocity  or  the  amount  of  acid  (in  percentage 
of  the  quantity  originally  present)  converted  into  ethereal  salt  when  molecular 
quantities  of  the  acid  and  isobutylic  alcohol  are  heated  at  155°  for  1  hour. 
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Although  generalisations  of  the  above  nature  have  been  made  with 
reference  to  substituted  benzoic  acids,  and  also  to  the  fatty  acids,  no 
systematic  study  of  unsaturated  acids  appears  to  have  been  made ;  we 
therefore  determined  to  prepare  a  number  of  the  latter  and  to  study 
the  amounts  of  ethereal  salt  formed  under  different  conditions,  in  order 
to  find  whether  any  general  rules  could  be  drawn  from  the  results.  A 
farther  incentive  to  this  study  was  the  suggestion  made  by  one  of  us 
{Chem.  News,  1895,  72,  187)  with  reference  to  the  constitution  of -cam- 
phoric acid.  In  that  note,  attention  was  drawn  to  the  fact  that  Bredt's 
constitutional  formula  accounts  for  the  characteristic  behaviour  of  cam- 
phoric acid  on  etherification  with  ethylic  alcohol  and  hydrogen 
chloride,  if  the  assumption  be  made  that  an  acid  with  the  grouping 
-CH., 
CX'COOH  is  diflScult  to  etherify.      At  the  time  this  suggestion  was 

-ex, 

put  forward,  no  facts  were  known  which  justified  the  assumption,  and 
it  was  partly  with  the  object  of  determining  whether  further  investiga- 
tions might  supply  satisfactory  evidence  on  this  point  that  the  present 
reaeai-ch  was  started.  Acids  of  the  type  mentioned  are  by  no  means 
common,  whereas  many  acids  are  known  of  somewhat  similar  coustitu- 

CXY 

tion,  namely,  unsaturated  acids  of  the  type  1 1 

We  selected  the  latter  class  of  acids  as  being  the  most  suitable,  and 
also  because  it  seemed  interesting  to  determine  whether  there  was  any 
great  difference  in  tlie  amounts  of  ethereal  salt  formed  by  the  stereo- 
isomeric  acids 

X-C-H  X-C-H 

II  nnd  " 

During  the  course  of  this  investigation,  a  communication  by  Anschiitz 
{Ber.,  1897,  30,  2652)  appeared  which  bears  on  the  same  subject,  with 
the  exception  that  he  investigated  a  few  dicarboxylic  acids,  whereas 
we  have  restricted  ourselves  to  the  study  of  monobasic  acids.  In 
the  svimmary  at  the  end  of  this  paper,  we  discuss  Anschiitz's  results 
and  compare  them  with  our  own. 

The  following  is  a  list  of  the  acids  we  have  investigated. 

Cinnamic  acid,  allocinnamic  acid,atropic  acid,  ortho-,  meta-,  and  para- 
niti'ocinnamic  acids. 

a-Bromocinuamic  acid  and  a-bromallocinnamic  acid. 

The  two  isomeric  /?-bromocinnamic  acids. 

The  two  isomeric  a/8-dibromocinnamic  acids. 

Dichloro-  and  di-iodo-cinnamic  acids. 

G  2 
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a-Cy:inocinnamic  acid,  orthonitro-a-cyano-  and  meta,nitro-a-cyano- 
cinnamic  acid. 

a-Phenylcinnamic  acid  and  a-phenylallocinnamic  acid. 

a-Phenylorthonitrocinnamic  acid,  a-phenylorthouitro-allocinnamic 
acid  and  the  corresponding  meta-  and  para-compounds. 

Triphenylacrylic  acid. 

a^-Di-iodoacrylic  acid. 

The  results  obtained  are  given  in  tabular  form  at  pp.  91 — 92. 

In  some  of  our  earlier  experiments,  we  attempted  to  etherify  the 
acids  by  saturating  their  methyl  alcoholic  solutions  with  hydrogen 
chloride  in  the  cold  and  allowing  the  mixture  to  stand  for  some  time, 
but  we  found  that  this  method  was  not  adapted  to  our  purpose,  as 
certain  acids,  especially  nitrated  acids,  were  almost  insoluble  in  cold 
methylic  alcohol  and,  therefore,  yielded  little  or  no  ethereal  salt  by  this 
treatment.  In  all  the  later  expei  iments,  namely,  those  described  in 
this  paper,  we  used  the  Fischer-Speier  method.  A  considerable  amount 
of  a  3  per  cent,  solution  of  hydrogen  chloride  in  pure  methylic 
alcohol  (3  grams  HCl  in  100  grams  of  solution)  was  prepared,  and  half 
a  gram  of  the  acid  was  boiled  with  10  c.c.  of  this  solution  for  an  hour 
on  the  water  bath,  in  a  small  flask  fitted  with  a  reflux  condenser.  For 
this  purpose,  the  condenser  described  by  Feilmanu  and  one  of  us  {J.  Soc. 
Chem.  Ind.,  1897,  16,  979)  is  admirably  adapted,  as  it  does  away  with 
the  possibility  of  moisture  permeating  the  cork  and  thus  vitiating  the 
result.  At  the  end  of  the  specified  time,  water  was  added  and  the  whole 
extracted  twice  with  ether,  any  unaltered  acid  was  removed  by  the  aid 
of  dilute  sodium  carbonate,  and  the  ethereal  solution,  after  drying  with 
calcium  chloride,  was  slowly  distilled  from  a  tared  flask.  The  amount 
of  ethereal  salt  formed  was  weighed  after  the  flask  had  been  standing 
over  sulphuric  acid  for  several  hours.  In  all  cases  where  the  ethereal 
salts  were  solid,  the  residue  was  crystallised  from  methylic  alcohol  and 
the  melting  point  taken.  Oily  ethereal  salts  were  hydrolysed,  and  the 
melting  points  of  the  acids  thus  obtained  were  detei'mined.  Tlie 
melting  points  of  recovered  acids,  in  cases  where  etherification  did 
not  take  place,  or  took  place  to  but  a  slight  extent,  were  also  taken. 

Cinnamic  Acid,  Allocinnamic  Acid,  and  Atropic  Acid. 

Ph-C-H  H-C-Ph  H-C-H 

H-C-COOH  H-C-COOH  Ph-iJ-COOH 

Cinnamic  acid.  Allocinnamic  acid.  Atropic  acid. 

The.'^e  three  isomei-ic  phlenylacrylic  acids  were  first  investigated.  The 
cinnamic  acid  obtained  from  Kahlbaum  melted  at  133^^.  The  results, 
Nos.  1 — 8,  obtained  are  given  in  the  Table  (p.  91). 
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The  ethereal  salt,  after  recrystallisation  from  methylic  alcohol ,  melted 
at  34°  (Anschutz  and  Kinnicutt,  Ber.,  1879,  11,  1220,  give  33-4°), 
and  the  regenerated  acid  obtained  by  hydrolysis  melted  at  133°  (Kraut, 
Annalen,  1865,  133,  193,  gives  133°). 

Allocinnamic  Acid, — Prof.  C  Liebermann,  of  Charlottenberg,  was 
kind  enough  to  provide  us  with  about  2  grams  of  this  acid,  and  we 
desire  to  expi-ess  our  thanks  to  him  for  his  kindness.  Tiie  acid 
melted  at  68°  (Liebermann,  68°).  The  results,  Nos.  9 — 14,  are  given 
in  the  Table,  p.  91. 

The  oily  ethereal  salt,  after  hydrolysis  with  warm  potash,  yielded  an 
acid  melting  at  66 — 67°.  It  is  thus  evident  that  Fischer's  method  of 
etherificatiou  yields  the  salt  of  allocinnamic  acid  and  not  of  ciuuamic 
acid. 

--'Atropic  Acid. — This    acid,    which    we    obtained    from   Schucharat, 
melted  at  106°.     The  i-esults.  No.  15—22,  are  given  in  the  Table. 

The  oily  product,  after  hydrolysis  with  potash,  gave  an  acid  melting 
at  105°. 


Ortho-,  2Ieta-,  and  Para-nitrociiinarnic  Acids  from  KaJdhaum. 

Orthomtrocinnamic  Acid. — See  Table,  Nos.  23  and  24. 

The  ethereal  salt,  after  crystallisation  from  methylic  alcohol,  melted 
at  73°  (Beilstein  and  Kuhlberg,  Annalen,  1872,  163,  126,  give  72—73°). 

Metanitrocinnamic  Acid. — See  Table,  Nos.  25  and  26. 

This  ethereal  suit  does  not  appear  to  have  been  described  before. 
It  crystallises  from  methylic  alcohol  in  pale  yellow  prisms  melting  at 
123 — 124°.  It  is  only  sparingly  soluble  in  methylic  or  ethylic  alcohol, 
and  in  ether  or  carbon  bisulphide,  but  dissolves  readily  in  chloroform 
or  benzene. 

0-500  gave  28-8  c.c.  of  moist  nitrogen  at  17°  and  757  mm.    N  =  665. 
Theory  reqviires  6 '76  per  cent. 

Parayiitrocinnamic  Acid. — See  Table,  Nos.  27  and  28. 

As  the  ethereal  salt  is  almost  insoluble  in  ether,  the  amount  formed 
could  not  be  determined  by  the  usual  method.  The  process  we  adopted 
was  as  follows :  water  was  added  at  the  end  of  the  hour,  the  pre- 
cipitate collected,  treated  with  dilute  sodium  carbonate  solution  in 
order  to  remove  any  unaltered  acid,  and  then  washed,  dried  at  100°, 
and  weighed.  After  recrystallisation  from  alcohol,  in  which  it  is  only 
slightly  soluble,  it  melted  at  160°  (Kopp,  Jahresbericht,  1861,  410,  gives 
16l°). 
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a-  and  (i-Broinocinnamic  Acids, 

Ph-C-H  H-C-Ph  Ph-C-Bi-  Br-C-Ph 

Br-C-COOH     Br-C-COOH         H-C-COOH        H-C-COOH 

o-Bromoeinnamic      o-Bromallo-  )3-Bromocinnamic       )3-Bromallo- 

acid.  'ciunamic  acid.  acid.  cinnamic  acid. 

The  two  a-acids  were  obtained  by  the  method  described  by  Scock- 
roeyer  (Diss.,  1883),  namely,  by  the  action  of  alcoholic  potash  on 
cinnamic  acid  dibromide,  and  were  separated  by  fractionally  precipi- 
tating the  solutions  of  their  potassium  salts  with  hydrochloric  acid. 
The  a-bromocinnamic  acid,  purified  by  crystallisation  of  its  sparingly 
soluble  ammonium  salt,  melted  at  131°. 

0-200  gave  01656  AgBr.     Br  =  35-21. 

CgHj-CHlCBr-COOH  requires  Br  =  35-24  per  cent. 

The  results  obtained  with  a-bromocinnamic  acids,  Nos.  29  and  30, 
are  given  in  the  Table  (p.  91). 

The  a-bromallocinnamic  acid,  after  purification  by  recrystallisation 
from  water,  was  obtained  in  glistening  plates  melting  at  120°. 

0-200  gave  0-1662  AgBr.  Br  =  35-36.  Theory  requires  35-24  per  cent. 

The  results  obtained  with  a-bromallocinuamic  acid,  Nos.  31 — 34, 
are  given  in  the  Table. 

As  we  thought  the  somewhat  high  numbers  in  31 — 32  might  be 
due  to  the  presence  of  a  small  quantity  of  the  isomeric  acid  melting  at 
131°,  we  took  the  acid  recovered  fi'om  the  above  experiments,  and 
determined  ^the  amount  of  ethereal  salt  formed  from  this  ;  the  results, 
Nos.  33  and  34,  agree  with  those  given  above. 

The  oily  ethereal  salts,  when  hydrolysed  with  cold  aqueous  potash, 
yielded  an  acid  melting  at  1 1 9°.  From  the  fact  that  it  crystallised 
from  water  in  plates,  that  it  dissolved  with  the  greatest  readiness 
in  ammonia,  and  also  from  its  melting  point,  the  acid  thus  obtained 
was  undoubtedly  the  a-allo-acid.  From  this,  it  is  apparent  that 
a-bi'omallocinnamic  acid  is  converted  into  its  true  ethereal  salt, 
and  not  into  the  isomeric  a-bromocinnamate,  when  etherified  by 
Fischer's  method  ;  whereas,  when  its  alcholic  solution  is  saturated 
with  hydrogen  chloride,  molecular  reai'rangement  occurs,  and  the  salt 
oF  a-bromocinnamic  acid  is  obtained. 

The  isomeric  /?-brom-acids  were  obtained  by  the  method  described 
by  Michael  and  Brown  {Ber.,  1886,  19,  1379,  and  1887,  20,  552),  and 
we  are  able  to  confirm  their  work  in  every  respect ;  the  two  acids 
were  separated  by  crystallisation,  first  from  alcohol  and  then  from 
chloroform,  as  these  chemists  recommend. 
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Tlie  ^-broinociuuamic  acid  melting  at  134—135^  crystallises  from 
its  chloroform  solution  on  spontaneous  evaporation  in  well-developed 
cubical  crystals. 

0-200  gave  0-1645  AgBr.  Br  =  35-0.  Theory  requires  35-24  per  cent. 

The  results  obtained  with  this  acid,  Nos.  35 — 42,  are  given  in  the 
Table,  p.  91. 

The  oily  ethereal  salt,  on  hydrolysis,  gave  an  acid  which  melted 
at  133 — 134°,  after  recrystallisation  from  carbon  bisulphide. 

fS-BromaUocinnamic  acid  {see  Erlenmeyer,  Annalen^  1895,  287,  1), 
melting  at  159°,  is  readily  obtained  pure  after  one  recrystallisation 
from  a  small  quantity  of  alcohol. 

0-2044gaveO-1701  AgBr.   Br  =  35'42.  Theoryrequires35-24  per  cent. 

Tlie  results,  Nos.  43 — 48,  a,re  given  in  the  Table. 

The  methylic  salt  crystallises  from  alcohol  in  thick,  colourless  prisms 
melting  at  58°.  It  is  moderately  soluble  in  ethylic  alcohol  or  benzene, 
and  dissolves  with  great  readiness  in  ether,  chloroform  or  carbon 
bisulphide. 

0*2423  gave  01887  AgBr.     Br  =  33-06. 
0-2582      „     0-2019  AgBr.     Br  =  33-28. 

Theory  requires  33-19  per  cent. 

The  ease  with  which  the  two  ^-brom -acids  can  be  obtained  pure  by 
following  Michael  and  Brown's  directions  renders  inexplicable  such 
statements  as  those  of  Liebermann  and  Scholz  [Ber.,  1892,  25,  552) 
and  of  Erlenmeyer  {ibid.,  1886,  19,  1936)  that  the  acid  melting  at 
133 — 134°  does  not  exist. 


Dichloro-,  Dibromo-,  and  Di-iodo-cinnamic  Acids, 

n-  77         •  •     A    -1   Ph-C-Cl  Ph-C-Cl       T.,  .  ., 

DichlorocinnamiG  Acid,         1 1  or  1 1      . — inis   acid 

Cl-C-COOH  COOH-C-Cl 

was  prepared  by  saturating  a  chloroform  solution  of  phenylpropiolic 

acid  with  chlorine.     After  recrystallisation   from  light  petroleum,  it 

melted   at    120°  (Nissen,   Ber.,   1892,    25,    2665,   gives    120—121°). 

The  results,  Nos.  49  and  50,  are  given  in  the  Table. 

The  ethereal  salt  was  obtained  in  the  form  of  an  oil. 

Dibromocinnamic  Acids. — ^Two  isomeric  dibrom-acids  were  obtained 
by  adding  bromine  to  phenylpropiolic  acid  in  chloroform  solution 
(Roser  and  Haselhoff,  Annalen,  1888,  247,  139);  they  were  separated 
by  dissolving  them  in  a  small  quantity  of  chloroform,  and  adding  Kght 
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petroleum  until  a  permanent  turbidity  was  produced.  The  acid 
melting  at  139°  crystallised  first,  and  was  purified  by  recrystallisation 
fi-om  boiling  light  petroleum  (b.  p.  60 — 80°).  The  isomeric  acid  melting 
at  100°  was  obtained  pui-e  only  after  repeated  solution  in  chloroform 
and  precipitation  by  light  petroleum. 

The  results  with  the  acid  melting  at  139°  (Nos.  51  and  52),  and 
with  the  acid  melting  at  100°  (Nos.  53  and  54),  are  given  in  the  Table. 
The  acid  recovered  from  the  former  melted  at  139°. 

Di-iodocinnaniic  Acid,  CIPh!CI*COOH,  obtained  by  the  method 
given  by  Liebermann  and  Sachse  [Ber.  1891,  24,  4113),  after  several 
recrystallisations  from  chloroform,  melted  at  167°.  (L.  and  S.  give 
171°).  The  recovered  acid  melted  at  170°.  The  results,  Nos.  55  and 
56,  are  given  in  the  Table  (p.  92). 

a-Cyanocinnamic  Acids. 

a-Vy anocmnavixc  acid,  1 1  or  1 1  ,  obtained 

NC-C-COOH  CN-C'COOH 

by  Carrick's  method  {J.  pr.  Chem.,  1892,  45,  401),  after  recrys- 
tallisation from  alcohol,  melted  at  180°  (Carrick,  180°).  See  Table, 
Nos.  57  and  58. 

The  methylic  salt  thus  obtained  crystallised  from  its  alcoholic  solution 
in  small,  colourless  prisms  melting  at  89°.  It  is  readily  soluble  in 
chloroform  or  ether,  and  moderately  in  alcohol,  benzene,  and  carbon 
bisulphide. 

0"5  gave  31-8  c.c.  moist  nitrogen  at  13°  and  752  mm.      N  =  7'43. 
CHPh:C(CN)-COOMe  requires  7-48  per  cent. 

a-Cyano-orthonitrocinnamic  Acid. — The  ethylic  salt  of  this  acid  was 
obtained  by  the  action  of  sodium  ethoxide  on  a  mixture  of  ethylic  cyan- 
acetate  and  orthonitrobenzaldehyde  (Riedel,  J.  pr.  CJiem.,  1896,  54, 
541),  and  was  hydrolysed  by  the  requisite  quantity  of  normal  sodium 
hydroxide  at  about  60°.  The  acid  thus  obtained  melted  at  223° 
(Riedel,  223°).  The  results  obtained  are  given  in  Nos.  59  and  60  of 
the  Table. 

The  recovered  acid  melted  at  220°.  The  methylic  salt  crystallised 
from  alcohol  in  small,  discoloured  needles  melting  at  142° 

a-Cyanometanitrocinnamic  acid  was  obtained  in  a  similar  manner. 
We  find  that  the  ethylic  salt  melts  at  134°,  and  that  the  melting  point 
is  not  altered  by  repeated  crystallisation  from  alcohol.  (Riedel  gives 
127—128°). 

0-4  gave  39'4  c.c.  moist  nitrogen  at  16°  and  761  mm.      N  =  ir5. 
N02'C,.H4-CH:C(CN)-COOEt  requires  N=  U-3 8  per  cent. 
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The  results,  Nos.  61  and  62,  obtained  with  this  acid  are  given  in 
the  Table. 

The  recovered  acid  melted  at  170— 171°(Riedel,  172^).  Themethylic 
salt,  after  recrystallisation  from  alcohol,  was  obtained  in  fine,  silky 
needles  melting  at  135 — 136°,  and  readily  soluble  in  the  usual  solvents. 

0"3  gave  30"S  c.c.  moist  nitrogen  at  16^  and  762  mm.      N  =  12-0. 
N0.-C^H4-CH:C(CN)-C00Me  requires  N  =  12-07  per  cent. 


a-Phenylcinnamic  Acids, 
Ph-C-H  H-C-Ph 

Ph-C-COOH  Ph-C-COOH 

a  Phenylcinnamic  acid.  a-Plieuylallocinnamic  acid. 

These  acids  were  prepared  and  separated  by  Bakunin's  method  (Gazz., 
1897,  27,  ii,  48).     The  yield  of  allo-acid  was  extremely  small. 

The  a-phenylcinnamic  acid,  melting  at  172°,  gave  the  results  Nos.  63 
and  64  of  the  Table. 

The  ethereal  salt,  after  recrystallisation  from  alcohol,  melted  at  77° 
(Bakunin,  77°). 

The  a-phenylallocinnamic  acid,  after  crystallisation  from  water,  was 
obtained  in  colourless  prisms  melting  at  136°. 

0-5  gx-am,  after  1  hour  with  3  per  cent,  solution,  gave  0*2137  gram 
ethereal  salt. 

The  methylic  salt  thus  obtained  was  semi-solid,  whereas  Bakunin,  who 
obtained  the  same  compound  by  the  action  of  methylic  iodide  on  the 
silver  salt  of  the  acid,  describes  it  as  an  oil.  The  solid  we  obtained 
apparently  contained  a  considerable  amount  of  the  solid  ethereal  salt  of 
the  isomeric  a-phenylcinnamic  acid,  as  the  acid  recovered  from  this  first 
etherification  yielded  an  oil  when  treated  a  second  time  with  the  3  per 
cent,  hydrogen  chloride  solution.  The  results  are  given  in  Nos.  65 
and  66  of  the  Table.     The  recovered  acid  melted  at  137 — 138°, 

a-Phenylorthonitrocinnamic  Acids. — A  mixture  of  the  two  isomeric 
acids  was  obtained  by  the  action  of  acetic  anhydride  and  sodium 
phenylacetate  on  orthonitrobenzaldehyde  (Bakunin,  Gazz.,  1895,25,  i, 

.,   NO,-aH,-C-H 
137).     The  a-phenylorthonitrocmnamic  acid,  PVi-r-rOOH'  ^^^ 

readily  obtained  pure  by  Bakvmin's  method.  It  melted  at  195 — 196°, 
and  on  etherification  gave  the  results  Nos.  67  and  68  of  the  Table. 
The  ethereal  salt,  after  recrystallisation  from  alcohol,  melted  at  75° 
(Bakunin,  75—76°). 
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A  mixture  of  the  above  acid  with  the  isomeric  allo-acid  was  obtained 
by  Bakunin's  method ;  it  melted  at  155°,  whereas  the  pure  allo-acid 
melts  at  146 — 147°.  We  adopted  the  following  method  for  its  purifica- 
tion. The  mixture  of  acids  was  boiled  for  1  hour  with  a  5  per  cent, 
solution  of  hydrogen  chloride  in  methylic  alcohol,  20  c.c.  of  this  solution 
being  used  for  each  gram  of  the  mixed  acids ;  after  etheritication,  the 
solution  was  poured  into  water,  extracted  with  ether,  and  the  ethereal 
solution  washed  with  sodium  carbonate  solution  ;  on  the  addition  of 
hydrochloric  acid  to  this  alkaline  solution,  the  a-phenylorthonitroallo- 

.,  NOo-aH/C-n  ,         , 

cmnamic  acid,         j-,^"    *  A  t^,  '  was  thrown  down,  and  alter  recrystal- 
COOH'U'Fh 

lisation  fi-om  dilute  acetic  acid  melted  at  146°. 

Whether  the  results,  Nos.  69  and  70  in  the  Table,  are  somewhat  too 
high  owing  to  the  presence  of  a  small  quantity  of  the  isomeric  acid,  we 
cannot  at  present  say  with  any  degree  of  certainty,  as  the  yield  of  allo- 
acid  is  extremely  poor  and  we  had  but  a  gram  or  so  at  our  disposal. 

a-Phenylmetanitrocinnamic  Acids. — The  two  acids  were  obtained  by 
Bakunin's  method  {loc.  cit.).  The  a-phenylmetaniti'ocinnamic  acid  melted 
at  181°  and  gave  the  results  Nos.  71  and  72  in  the  Table  (p.  92). 
The  ethereal  salt,  after  recrystallisation  from  alcohol,  melted  at  72°. 

a-Phenylmetanitroallocinnamic  acid  melted  at  196°.  The  results,  Nos. 
73  and  74,  obtained  with  this  acid  are  given  in  the  Table. 

a-Phcnylparanitrocinnamic  acid  melting  at  214°  gave  the  I'esults 
Nos,  75  and  76  of  the  Table.  The  ethereal  salt  crystallised  from 
alcohol  in  yellow  needles  melting  at  141 — 142°  (Bakunin,  141 — 142°). 

a-PhenyljmranitroaUocinnamic  acid  melted  at  144°  (Bakunin,  142°). 
For  results,  see  Nos.  77  and  78  of  Table.  The  recovered  acid  melted  at 
144°. 

Trijihenylacrylic  acid,  CPh^lCPh'COOH,  was  prepared  from  the  acid 
amide  (Heyl  and  Meyer,  Ber.,  1896,  29,  2786)  by  a  method  very  similar 
to  that  adopted  by  Heyl  and  Meyer,  except  that  Ave  used  the  amide,  in 
a  fine  state  of  division,  suspended  in  dilute  sulphuric  acid,  and  kept  the 
mixture  well  stirred  by  an  automatic  stirrer  while  the  nitrite  solution 
was  being  run  in  ;  the  acid  thus  obtained  melted  at  213°.  The  results 
of  etherification,  Nos.  79  and  80,  are  given  in  the  Table.  The  unaltered 
acid  melted  at  213—214°. 

Heyl  and  Meyer  {loc.  cit.)  have  already  shown  that  this  acid  is  only 
slowly  etherified  when  hydrogen  chloride  is  passed  for  several  houx's 
through  its  solution  in  boiling  methyl  alcohol. 

aji-Di-iodacrylic  acid,  CHIICI'COOH. — This  acid  was  prepared  by  the 
addition  of  iodine  to  propiolic  acid,  as  described  by  Bruck  {Ber.,  1891, 
24,  4120) ;  after  recrystallisation  from  chloroform,  it  melted  at  about 
76°,   but  after  recrystallisation  from  water  at    104°    (Bruck,   104°). 
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The  results  obtained  with  thi.s   acid,  Nos.  81  and  82,  are  given  in  the 
Table.     Tlie  recovered  acid  melted  at  103— 104'\ 
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Discussion  of  Results. 

From  the  results  of  the  experiments  described  in  the  preceding 
pages,  we  consider  oui-selves  justified  in  drawing  the  following  con- 
clusions. 

1.  Unsaturated  acids  which,  in  addition  to  an  a-substituting  group, 
also  contain  a  radicle  in  the  c?'s-position  I'elatively  to  the  carboxylic 
group,  that  is,  acids  of  the  type 

H-C-X 

Y-C-COOH 

are  difficult  to  etherify  when  boiled  for  an  hour  with  a  3  per  cent, 
solution  of  hydrogen  chloride  in  methylic  alcohol.  The  same  property 
is  also  characteristic  of  acids  in  which  the  third  hydrogen  atom  of 
acrylic  acid  is  replaced  by  a  substituting  group 

z-c-x 

Y-C-COOH 

2.  Di-substituted  acrylic  acids  in  which  one  group  is  in  the  a-position 
and  the  other  in  the  trans-^o?iii\on  relatively  to  the  carboxylic  group, 
are  readily  etherified  under  the  conditions  given  above. 

Y-C-H 

X-C-COOH 

This  remarkable  difference  in  behaviour  supplies  us  with  a  simple 
method  of  determining  the  configurations  of  stereoisomeric  acids, 
CHXICY'COOH,  where  X  and  Y  may  be  alike  or  dissimilar.  We 
require  merely  to  boil  half  a  gram  of  each  acid  with  10  c.c.  of  a  3  per 
cent,  solution  of  hydrogen  chloride  in  methylic  acid,  and  determine 
which  acid  yields  the  larger  percentage  of  ethereal  salt.  This  acid  will 
be  the  one  with  the  substituting  group  in  the  ^raws-position,  and  the 
acid  which  yields  little  or  no  ethereal  salt  will  have  the  substituting 
group  in  the  cis-position. 

We  also  think  it  probable  that  this  difference  on  etherification 
may  be  made  use  of  in  the  separation  of  such  stereoisomeric  acids, 
in  very  much  the  same  manner  as  Martz  {Ber.,  1894,  27,  3147) 
and  Jannasch  and  Weiler  {ibid.,  3447)  have  been  able  to  separate 
diortho-substituted  benzoic  acids  from  their  isomerides.  The  separa. 
tion  in  the  acrylic  series  will  not  be  so  complete  as  in  the  benzoic,  as, 
according  to  our  results,  the  difference  on  etherification  is  not  so 
marked  as  in  the  benzoic  series.  We  have  found  that  the  method  can 
be  used  with  advantage  in  the  separation  of  a-phenylallocinnamic  acid 
from  a-phenylcinnamic  acid,  and  it  can  undoubtedly  be  used  with  equal 


94  SUDBOROUGH    AND   LLOYD  :   STEREOCHEMISTRY   OF 

advantage  in  the  separation  of  the  corresponding  nitro-acids.  The 
method  adopted  by  Bakunin  {loc,  cit.)  for  the  pui"ification  of  these  acids 
is  lengthy  and  tedious,  and  can  probably  be  considerably  curtailed  by  the 
process  of  etherification.  We  may  point  out  that  our  results  confirm 
in  a  remarkable  manner  the  constitutions  of  the  a-phenylcinnamic  acids 
arrived  at  by  Bakunin  from  entirely  different  considerations. 

3.  Substituted  acrylic  acids  in  which  the  substituting  groups  are 
only  in  the  ^-position  are  readily  etherified  under  the  conditions  given 
above.  As  examples  of  this  generalisation,  we  have  the  two  y8-bromo- 
cinnamic  acids,  both  of  which  yield  over  90  per  cent,  of  ethereal  salt. 
We  are  at  present  engaged  in  preparing  y8/3-di-iodacrylic  acid,  and 
hope  shortly  to  be  able  to  state  that  this  obeys  the  same  law. 

4.  The  results  we  have  obtained  with  mono-substituted  acrylic 
acids  are  somewhat  too  meagre  for  us  to  draw  general  conclusions 
with  any  degree  of  certainty  ;  those,  however,  which  we  have  so  far 
obtained  by  using  more  dilute  solutions  of  hydrogen  chloride,  namely, 
a  1  per  cent.,  in  methylic  alcohol,  seem  to  indicate  that  an  a-substituted 
acrylic  acid  is  more  difficult  to  etherify  than  the  isomeric  /3-compound, 
In  support  of  this,  we  have  the  fact  that  atropic  acid  (a-phenylaci'ylic 
acid)  is  more  difficult  to  etherify  than  either  of  the  /3-phenylacrylic 
acids  (cinnamic  and  allocinnamic  acid).  This  conclusion  is  further 
supported  by  Anschiitz's  results  (i^er,,  1897,  30,  2652).    Anschiitz  finds 

that  mesaconic  acid,  1 1  ,  when  boiled  for  a  short  time 

COOH-C-H 

with  a  O'o  per  cent,  solution  of  hydrogen  chloride,  yields  the  mono- 

,,    ,.       1^  Me-C-COOH 

methylic  salt,  1 1 

•'  COOMe-C-H 

The  differences  between  cinnamic  and  allocinnamic  acids  point  to 
the  conclusion  that  a  /3-substituted  acrylic  acid,  in  which  the  sub- 
stituting radicle  is  in  the  m-position  relatively  to  the  carboxylic 
group,  is  more  difficult  to  etherify  than  the  isomeric  iraws-comjiound. 
We  give  these  generalisations  with  the  greatest  reserve,  as  further 
investigations  with  other  acids,  for  example,  crotonic  acids,  are 
necessary  to  prove  whether  they  are  correct. 

5.  The  radicle  weights  or  volumes  of  the  substituting  groups  in  the 
a-  and  czVpositions  appear  to  be  an  important  factor  in  determining 
the  actual  amount  of  ethereal  salt  formed  in  each  case.  A  survey  of 
the  results  obtained  with  dichloro-,  dibromo-,  and  di-iodo-cinnamic 
acids  brings  out  this  generalisation  with  great  clearness.  The  dichlor- 
acid  yields  more  ethereal  salt  than  either  of  the  two  dibrom-acids, 
and  these  again  yield  more  than  the  di-iodo-acid.  This  conclusion  is 
entirely  in  accordance  with  V.  Meyer's  work  on  diortho-substituted 
benzoic  acids,  and  with  that  of   Kellas  (Z.  2)^iysik.  Chem.,   1897,  24, 
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221)  on  mono-substituted  benzoic   acids,  and   also  with  our  own   on 
substituted  benzamides  (Trans.,  1895,  233). 

6.  The  presence  of  a  nitro-group  in  the  ortho-position  in  certain 
cinnamic  acids,  for  example,  in  orthonitrocinnamic  acid  itself,  and  also 
in  a-cyano-orthonitrocinnamic  acid,  appears  to  have  a  retarding 
infliience  on  the  formation  of  the  ethereal  salt.  This  is  in  complete 
harmony  with  a  suggestion  made  by  Victor  Meyer  and  one  of  us 
several  years  ago,  but  which  received  no  support  from  actual  experi- 
ment conducted  at  that  tim.e{I>er.,  1895,  28,  1267).  It  is  a  well  known 
fact  that  ortho-substituted  cinnamic  and  hydrocinnamic  acids  readily 
undergo  condensation,  yielding  ring  compounds.     For  example, 

CH 

/\ch:ch-cooh  ^N/^^ch 

L-TT-r  gives       I  I 

N 

ITT 

TT 


/\CH.,-CH.,-C00H        .      .      /\^^\CB..- 


OH 


gives 


O 


The  fact  that  the  isomeric  meta-  and  para-compounds  undergo  no 
similar  condensations  is  supposed  to  be  due  to  the  fact  that,  in  these 
acids,  the  substituting  groups  are  not  sufficiently  near  to  the  car- 
boxylic  group  to  allow  of  the  elimination  of  HoO,  HBr,  &c.  The 
results  we  have  obtained  may  be  due  to  the  fact  that  the  nitro-group 
is  in  closer  proximity  to  the  carboxylic  group  in  the  ortho-acids  than 
in  the  meta-  and  para-acids,  and  this  may  account  for  the  retardation. 
If  so,  we  should  expect  to  meet  the  same  phenomenon  in  all  ortho- 
substituted  cinnamic  acids,  and  also  in  diortho-substituted  cinnamic 
acids.  This  is  a  point  which  we  consider  deserves  a  little  more  atten- 
tion, and  we  purpose  studying  a  number  of  these  acids. 

7.  The  results  we  have  obtained  by  the  etherification  of  allocinnamic 
acid  and  a-bromallocinnamic  acid  indicate  that  Fischer's  method  of 
etherification  yields  the  ethereal  acids  of  the  allo-acids,  and  not  those  of 
the  more  stable  isomeric  acids.  This  is  an  extremely  intei^esting  point, 
since  other  authorities  state  that  these  allo-acids,  when  their  alcoholic 
solutions  are  saturated  with  hydrogen  chloride  and  allowed  to  stand, 
yield  the  ethereal  salts  of  the  more  stable  acids. 

8.  In  the  introduction  to  this  paper,  we  stated  that  one  of  the 
reasons  for  undertaking  the  investigation  was  to  account  for  the 
characteristic  behaviour  of  camphoric  acid  on  ethei'ification  by  the  aid 
of  the  stereochemistry  of  the   acid   molecule.     As  the  result  of  our 
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investigation,  we  are  able  to  state  tliat  in  unsaturated  acids  a  carb- 
oxylic  group  which  has  substituting  groups  in  the  a-  and  cis-positions 
with  respect  to  itself  is  difficult  to  etherify.  It  is  true  that  in  Bredt's 
formula  for  camphoric  acid,  and  also  in  the  newer  formula  suggested 
by  W.  H.  Perkin,  jun.  (Proc,  1897,  218),  one  of  the  carboxylic  groups 
is  thus  situated,  it  has  substituting  groups  in  the  a-  and  also  in  the 
cis-position.  The  other  carboxylic  group  in  camphoric  acid  is  not  so 
situated ;  it  has  a  substituting  group  in  the  m-position,  but  none  in  the 
a-position.  We  consider,  then,  that  our  results  render  the  behaviour 
of  camphoric  acid  on  etherification  explicable  if  we  adopt  either  Bredt's 
or  Perkin's  formula.  The  same  remarks,  however,  do  not  apply  to 
Tiemann's  formula  {Ber.,  1895,  28,  1079)  : 

CH^-CH-COOH  CMeg- CH^  CMe2  •  CH-COOH 

I        CMe.  I                      CH-COOH  |            CH^ 

CH2-CMe-C00H  CMe(C00H)-CH2  CHMe- CH-COOH 

Bredt.                                            Perkin.  Tiemann. 

The  threat  difference  is  that  camphoric  acid  is  a  ring  compound, 
whereas  our  researches  have  been  limited  to  aliphatic  unsaturated  acids. 

9.  The  results  we  have  obtained  are  in  complete  harmony  with  the 
confit^urations  of  unsaturated  acids  according  to  the  van't  Hoff- 
Wislicenus  theory,  and  we  consider  that  they  establish  with  certainty 
the  conclusion  previously  arrived  at,  namely,  that  in  what  are  usually 
termed  cz's-substituted  monocarboxylic  acids  the  substituting  group  is 
in  closer  proximity  to  the  carboxylic  group  than  when  it  is  in  the 
frans-position. 

In  conclusion,  we  may  state  that,  having  obtained  such  interesting 
results  with  monocarboxylic  acids,  we  at  once  turned  our  attention  to 
dibasic  acids.-  Fi'om  a  pi'ivate  communication  from  Professor  A nschiitz, 
we  learn  that  he  has  ali'eady  taken  up  the  study  of  a  number  of  such 
acids  in  the  direction  indicated  in  the  Berichte,  and  we  have  therefore 
not  investigated  any  of  these  acids  ourselves. 

The  question  whether  generalisations  similar  to  tiiose  we  have 
obtained  for  unsaturated  acids  may  not  also  hold,  to  some  extent,  for 
saturated  acids  immediately  presented  itself  to  us,  and  the  fact  that 
such  acids  as  dibromosuccinic  acid,  dibromhydrocinnamic  acid  and  its 
nitro-derivatives,  are  difficult  to  etherify  indicates  that  interesting 
results  may  probably  be  obtained  in  this  direction. 

University  College, 
Nottingham. 
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(Delivered  on  December  15th,  1897.) 

By  Fkancis  R.  Japp,  F.R.S. 

The  great  chemist  whose  life  and  work  I  shall  endeavour  to  pass  in 
brief  review  before  you  this  evening,  was  not  one  of  the  popular  heroes 
of  science.  Whatever  may  have  been  his  qualifications  for  playing 
such  a  part — and  surely,  great  natural  eloquence,  unfailing  lucidity, 
and  a  humour  that  enlivened  the  discussion  of  even  the  driest  sub- 
jects, are  to  be  thus  regarded — he  apparently  disdained  to  put  them  to 
so  ignoble  a  use  as  the  achievement  of  mere  popular  fame.  He 
brought  an  intellect  of  incomparable  power  and  subtlety  to  bear  on 
problems  so  abstruse,  so  remote  from  the  everyday  thoughts  and  inte- 
rests of  mankind,  that  the  vast  majority  even  of  educated  persons 
have  never  heard  either  of  the  problems,  or  of  the  man  who  did  so 
much  to  solve  them.  The  greater,  then,  is  the  need  that  we,  who 
realise  both  the  direct  scientific  value  of  Kekule's  work  and  the 
furthering  influence  which,  in  spite  of  its  apparent  remoteness,  it  has 
exercised  indirectly  on  the  welfare  of  mankind,  should  place  on  record 
our  sense  of  his  high  deserts. 

Friedrich  August  Kekule — he  made  use  of  only  the  second  of  his 
Chi-istian  names — was  born  at  Darmstadt  on  September  7th,  1829.t 
His  father  was  a  Hessian  Oberkriegsrath.  Even  as  a  boy,  Kekule 
displayed  remarkable  powers  ;  at  the  Gymnasium  of  his  native  town 
he  distinguished  himself  in  mathematics  and  in  drawing  ;  whilst  outside 
the  school  curriculum  his  instincts  as  an  observer  found  congenial  scope 
in  the  study  of  the  flora  and  butterflies  of  the  district.  After  passing 
the  leaving  examination  at  the  Gymnasium  in  1847,  he  determined,  in 
accordance  with  his  father's  wish,  to  become  an  architect,  and  for  this 
purpose  entered  as  studiosus  architecturce  at  the  University  of  Giessen. 
Kekule,  in  later  life,  by  no  means  regarded  the  time  thus  spent  as 
wasted  ;  he  always  laid  stress  on  the  turn  which  the  study  of  archi- 
tecture had  given  to  his  thoughts ;  on  the  necessity  which  he  ever 
afterwards  felt  of  having  before  him,  if  possible,  an  actual  picture  of 
any  problem  he  was  dealing  with.     He  was  doubtless  right.     After 
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t  For  the  facts  of  Kekule's  life  I  am  indebted  partly  to  two  obituary  notices  : 
one  by  Wallach  {Naturwissenschaftliche  FMndschau,  1896,  13,  437)  and  the  other 
by  Konigs  {Munchener  Mcdicinische  TFochenschrift,  1896,  39,  920)  ;  and  partly  to 
Kekule's  well  known  address  delivered  before  the  German  Chemical  Society  in 
1890  on  the  occasion  of  the  KekuUfeier. 
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all,  he  remained  au  architect  to  the  last :  only  it  was  the  architecture 
of  molecules,  instead  of  that  of  buildings,  with  which  it  was  his  lot  to 
concern  himself. 

In  any  case,  chemists  may  feel  thankful  that  Kekule's  architectural 
studies  led  him  to  the  University,  instead  of  into  an  architect's  oifice. 
Liebig  was  then  at  Giessen;  Kekul6  attended  his  lectures  on  chemistry ; 
and  such  was  the  fascination  both  of  the  lecturer  and  of  the  subject, 
that  the  young  student  resolved  to  abandon  architecture  and  devote 
himself  entirely  to  chemisti-y.  His  relatives  insisted  that  he  should 
take  sufficient  time  to  consider  his  decision  ;  and  he  therefore  returned 
to  his  native  town,  where  he  spent  a  semester  studying  at  the  Poly- 
technic School.  At  the  end  of  that  time  he  returned  to  Giessen  and 
entered  the  Univei'sity  Laboratory  as  a  pupil  of  Liebig  and  Will. 
His  first  research,  carried  out  under  Will's  guidance,  was  an  investi- 
gation of  amylsulphuric  acid  and  its  salts,  published  in  1850.  About 
this  time,  Liebig  offered  Kekule  an  assistantship,  which,  however,  he 
declined,  as  he  was  enabled,  through  the  generosity  of  a  stepbrother,  a 
merchant  in  London,  to  study  for  a  year  in  Paris.  Here  he  remained  from 
1851  to  1852,  attended  Dumas'  lectures,  and  made  the  acquaintance  of 
Wurtz,  Oahours,  Regnault  and  others.  Of  most  influence  on  the  forma- 
tion of  Kekule's  views,  however,  was  the  friendship  which  he  formed 
with  Gerhardt,  the  originator  of  the  type  theory,  whose  great  Traite 
de  Chimie  Organique,  then  just  ready  for  the  press,  he  was  allowed  to 
read  in  manuscript.  On  returning  to  Gex-many,  he  graduated  as  Doctor 
of  Philosophy  at  Giessen  in  1852.  He  then  obtained  his  first  appoint- 
ment, that  of  private  assistant  to  Baron  von  Planta,  at  whose  beauti- 
fully situated  chateau,  Reichenau,  near  Coire,  in  Switzerland,  he  spent 
a  }  ear  and  a  half.  He  published,  jointly  with  von  Planta,  two  papers 
on  the  action  of  ethylic  iodide  on  nicotine  and  coniine,  and  some 
elaborate  analyses  of  Swiss  mineral  waters ;  the  latter  work  can 
hardly  have  been  very  congenial  to  Kekul6,  who,  as  he  afterwards 
said,  was  employing  the  leisure  and  freedom  from  distractions  which 
his  post  afforded,  in  elaborating  the  ideas  which  he  had  found  in 
Gerhardt's  unpublished  manuscript.  In  January,  185'4,  he  exchanged 
his  assistantship  with  von  Planta  for  a  similar  post  with  Stenhouse  in 
London.  Here  he  became  intimate  with  Williamson  and  Odling, 
both  of  whom,  but  especially  the  former,  exercised  great  influence  on 
the  development  of  his  ideas.     He  says  : 

"If  in  Paris  I  had  an  opportunity  of  acquainting  myself  with  Gerhardt's 
unpublished  views,  I  had  now  the  good  fortune  to  enter  into  active  friendly 
intercourse  with  AV'illiaiuson  and  to  familiarise  myself  with  the  modes  of 
thought  of  this  philosopliical  intellect. 

"  Originally  a  pupil  of  Liebig,  I  had  become  a  pupil  of  Dumas,  Gerhardt, 
and  Williamson  :  I  no  longer  belonged  to  any  school." 
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The  training  which  Kekule  received  during  these  Wanderjahre  was 
undoubtedly  the  best  he  could  possibly  have  had  for  the  task  he  was 
destined  to  perform.  Suppose  that,  instead  of  going  to  Paris,  he  had 
been  shortsighted  enough  to  accept  the  assistantship  which  Liebig 
offered  him.  In  that  case  he  might  have  shared  the  fate  of  many 
promising  students  who  have  been  promoted  to  be  the  assistants  of 
their  teachers ;  he  might  have  gone  on  producing  research  work  cut 
to  a  single  pattern ;  he  might  have  become  a  Privatdocent  in  the 
institution  in  which  he  was  trained  ;  and  so  on  to  the  end  of  the 
chapter.  Not  that  a  man  of  Kekule's  originality  and  strength  of 
intellect  could  ever  have  been  satisfied  to  play  the  part  of  a  mere 
scientific  hodman  ;  but  had  he  been  hampered  by  a  one-sided  training, 
it  might  have  been  much  longer  before  he'  discovered  where  his 
strength  as  a  reformer  lay  :  in  fact  he  might  not  have  discovered  it  at 
all  until  the  brief  period — the  too  brief  period — during  Avhich  the 
great  creative  geniuses  of  science  really  create,  was  in  his  case  past. 
A  Kekule  trained  solely  in  Liebig's  laboratory  would  never  have 
adopted  the  masterful  attitude  of  the  actual  Kekule  towards  the 
doctrines  of  the  school  of  Berzelius ;  and  although  he  might  have 
excited  the  ire  of  some  of  his  opponents  less,  organic  chemistry  would 
have  moved  more  slowly. 

Kekul^  always  emphasised  the  necessity  for  getting  rid  of  pre- 
conceptions due  to  early  training.  "  Free  yourselves  from  the  spirit 
of  the  school,"  he  said ;  "  you  will  then  be  capable  of  doing  some- 
thing of  your  own.  Remember  that  it  was  Mephisto  who  gave  the 
Scholar  the  advice  : 

Am  besten  ist's  aiich  hier,  wenn  Ihr  nur  Eiuen  liijrt 
Uud  auf  des  Meisteis  Worte  schwort." 

A  few  months  after  his  arrival  in  London  Kekule  published  his 
well-known  "  Note  on  a  new  Series  of  Organic  Acids  containing 
Sulphur"  {Annalen,  1854,  90,  309;  Proc.  Roy.  Soc,  1856,  7,  37— 
received  April  5,  1854).  This  paper  is  noteworthy  as  the  first  published 
work  of  Kekule's  which  exhibits  his  distinctive  modes  of  thought. 
Various  passages  contained  in  it  clearly  show  that,  although  only 
briefly  indicated,  at  least  the  germ  of  his  later  system,  the  linking  of 
atoms  in  terms  of  their  valency,  was  present  to  his  mind.  I  will 
illustrate  this  more  fully  later  on  when  I  come  to  deal  with  Kekule's 
theoretical  views.  Meanwhile,  in  the  present  merely  historical  con- 
nection, the  interesting  passage  from  his  speech  delivered  before  the 
German  Chemical  Society  {Per.,  1890,  23,  1306)  on  the  occasion  of 
celebrations  held  in  his  honour,  in  which  he  describes  the  origin  of  the 
idea  of  the  linking  of  atoms,  may  be  quoted.  The  local  colour  should 
commend  it  to  a  Loudon  audience. 

H   2 


100  JAPP:   KEKUL^    MEMORIAL    LECTURE. 

"  During  my  stay  in  London  I  resided  for  a  considerable  time  in  Clapliaui 
Road  in  the  neiglibourhood  of  the  Common.  I  frequently,  however,  spent 
my  evenings  with  my  friend  Hugo  Miiller  at  Islington,  at  the  opposite  end 
of  the  giant  town.  We  talked  of  many  things,  but  oftenest  of  our  beloved 
chemistry.  One  fine  summer  'evening  I  was  returning  by  the  last  omnibus, 
'  outside,'  as  usual,  through  the  deserted  streets  of  the  metropolis,  which  are  at 
other  times  so  full  of  life.  I  fell  into  a  reverie  {Ti-dumerei),  and  lo,  the  atoms 
were  gambolling  before  my  eyes  !  "Whenever,  hitherto,  these  diminutive  beings 
had  appeared  to  me,  they  had  always  been  in  motion  ;  but  up  to  that  time  I 
had  never  been  able  to  discern  the  nature  of  their  motion.  Now,  however,  I 
saw  how,  frequently,  two  smaller  atoms  united  to  form  a  pair  ;  how  a  larger 
one  embraced  two  smaller  ones  ;  how  still  larger  ones  kept  hold  of  three  or 
even  four  of  the  smaller  ;  whilst  the  whole  kept  whirling  in  a  giddy  dance.  I 
saw  how  tlie  larger  ones  formed  a  chain,  dragging  the  smaller  ones  after  them, 
but  only  at  the  ends  of  the  chain.  I  saw  what  our  Past  Master,  Kopp,  my  highly 
honoured  teacher  and  friend,  has  depicted  with  such  charm  in  his  '  Molekular- 
welt '  ;  but  I  saw  it  long  before  him.  The  cry  of  the  conductor  :  '  Clapham 
Eoad,'  awakened  me  from  my  dreaming  ;  but  I  spent  a  part  of  the  night  in 
putting  on  paper  at  least  sketches  of  these  dream  forms.  Tliis  was  the  origin 
of  the  Structurtheo7'ie." 

Then  he  relates  a  similar  experience  of  how  the  idea  of  the  benzene 
theory  occurred  to  him.  This  refers  to  a  later  period,  when  Kekul6 
was  professor  in  Ghent,  but  may  be  quoted  here  in  connection  with 
the  pi'evious  passage.    He  describes  how  he  was  at  work  one  evening  : 

"  I  was  sitting,  writing  at  my  text-book  ;  Init  the  work  did  not  progress  ; 
my  thoughts  were  elsewhere.  I  turned  my  chair  to  the  fire  and  dozed.  Again 
the  atoms  were  gambolling  before  my  eyes.  This  time  the  smaller  groups 
kept  modestly -in  the  background.  My  mental  eye,  rendered  more  acute  by 
repeated  visions  of  the  kind,  could  now  distinguish  larger  structures,  of 
manifold  conformation  :  long  rows,  sometimes  more  closely  fitted  together  ; 
all  twining  and  twisting  in  snake-like  motion.  But  look  !  What  was  that  ? 
One  of  the  snakes  had  seized  hold  of  its  own  tail,  and  the  form  whirled 
mockingly  before  my  eyes.  As  if  by  a  flash  of  lightning  I  awoke  ;  and  this 
time  also  I  spent  the  rest  of  the  night  in  working  out  the  consequences  of  the 
hypothesis. 

"  Let  us  learn  to  dream,  gentlemen,"  adds  Kekule,  "  then  perhaps  we  shall 
•find  the  truth  ....  but  let  us  beware  of  publishing  our  dreams  before  they 
have  been  put  to  the  proof  by  the  waking  understanding." 

After  his  return  from  England,  Kekule  went  to  Heidelberg,  where 
'on  February  29th,  1856,  he  obtained  the  venia  legendi  in  Chemistry 
at  the  University.  The  young  Privatdocent  fitted  up  a  modest 
laboratory  consisting  of  a  room  with  a  kitchen  adjoining  it.  Among 
the  few  students  whom  he  could  accommodate  was  Adolf  Baeyer,  who 
there  carried  out  his  well-known  work  on  the  organo-arsenic  compounds. 
Kekule  himself  prepared  the  experiments  and  most  of  the  specimens 
■for  his  lectures  on  organic  chemistry.     Generally  the  last  item  of  his 
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hard  clay's  work  was  the  sweeping  out  of  the  class  room  against  next 
morning's  lecture. 

The  various  investigations  which  Kekule  published  about  this  time, 
excellent  as  they  were  from  an  experimental  point  of  view,  were  still 
more  remarkable  for  the  theoretical  conceptions  which  they  embodied  ; 
indeed,  in  the  latter  respect,  as  every  chemist  knows,  they  inaugurated 
a  new  era  in  organic  chemistry.  The  two  papers  on  the  constitution 
of  mercuric  fulminate  (1857  and  1858);  that  on  the  so-called  con- 
jugated compounds  and  the  theory  of  polyatomic  radicles  (1857),  which 
contains  a  complete  system  of  multiple  types  and  mixed  types  based 
on  this  theory  ;  those  on  the  conversion  of  acetic  acid  into  glycolic 
acid  and  on  chloralide  (1858)  and  finally,  the  celebrated  paper  *' On 
the  Constitution  and  Metamorphoses  of  Chemical  Compounds  and  on  the 
Chemical  Nature  of  Carbon"  {Annalen,  1858,  106,  293),  which  con- 
tained a  full  statement  of  Kekule's  views  on  the  linking  of  atoms — the 
foundation  on  which  our  modern  system  of  constitutional  formulae 
rests — attracted  the  attention  of  chemists  throughout  the  world,  with 
the  I'BSult  that,  in  1858,  Kekule,  on  Stas's  recommendation,  was  called 
as  ordinary  professor  of  chemistry  to  the  University  of  Ghent. 

It  might  have  seemed  that  the  inspiring  influence  of  a  great  chemist 
and  teacher  had  thus  been  lost  to  Kekule's  fatherland.  But  this  was 
not  the  case.  Thanks  to  the  fact  that  in  Germany  a  student  need  not 
have  studied  at  the  university  at  which  he  graduates,  German  students 
are  attracted  to  teachers  rather  than  to  institutions ;  in  fact,  in  their 
peregrinations  from  one  university  to  another,  they  resemble  the 
wandering  scholars  of  former  days.  Many  young  Germans  thus 
made  the  pilgrimage  to  Ghent  to  study  under  Kekule  :  among  their 
number  Baeyer,  Glaser,  Hiibner,  Korner,  Ladenburg,  Linnemann  and 
Wichelhaus.*  Later  on,  these  disciples,  as  teachers  in  the  German 
universities,  were  instrumental  in  disseminating  Kekule's  doctrines. 

The  nine  years  which  Kekule  spent  in  Ghent  were  years  of  great 
productivity.  In  the  theoretical  papers  which  he  had  up  to  that  time 
published,  he  had  laid  down  the  lines  of  his  future  work — nay,  of  the 
future  work  of  the  organic  chemists  of  his  generation.  That  work 
would  consist  in  experimentally  verifying  the  innumerable  predictions, 
and  in  considering  the  further  logical  consequences,  of  his  theory. 

Of  the  investigations  belonging  to  this  period  may  be  mentioned :  those 
on  organic  acids,  their  basicity  and  hydricity  (atomicity) ;  on  the  re- 
lations between  succinic,  malic,  and  tartaric  acids  ;  on  the  isomeric 
unsaturated  dibasic  acids — fumaric  and  maleic  acids  on  the  one  hand, 
and  mesaconic,  citraconic  and  itaconic  acids  on  the  other — a  marvellous 
piece  of  experimental  work,  in  which,  however,  Kekule  was  less  for- 

*  Among  English  chemists,  Dewar  and  G.  Carey  Foster  studied  under  Kekuld  in 
Ghent. 
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tunate  than  usual  in  the  interpretation  of  his  results,  although,  con- 
sidering the  complexity  of  the  problem,  this  was  not  to  be  wondered 
at ;  the  conversion  of  hydroxy-acids  into  bromo-acids  ;  the  electrolysis 
of  dibasic  acids ;  the  synthesis  of  acids  of  the  benzene  series  by  the 
replacement  of  bromine  in  bromobenzenes  by  carboxyl ;  the  elucidation 
of  the  constitution  of  azo-  and  diazo-compounds,  and  the  transformation 
of  diazo-  into  azo-compounds.  The  theoretical  work  is  of  course  for 
the  most  part  involved  in  the  practical  and  cannot  be  discussed  apart 
from  it.  One  piece  of  theoretical  work  must,  however,  be  specially 
mentioned.  It  is  Kekule's  benzene  theory — the  crowning  achievement 
of  the  doctrine  of  the  linking  of  atoms.  Of  this,  more  will  be  said 
later  on. 

A  new  system  of  chemistry  is  not  a  proposition  in  Euclid,  to  be 
proved  in  a  few  words  ]  its  proofs  are  cumulative,  and  its  truth  or  error 
— or  to  speak  more  accurately,  its  expediency  or  inexpediency — can 
be  tested  only  by  applying  it  to  the  whole  body  of  the  science.  This 
is  why  so  many  of  the  great  originators  in  our  science  have  bent  their 
minds  to  the  task  of  writing  a  text-book.  The  text-books  of  Lavoisier, 
Berzelius,  Gerhardt,  Kolbe  and  Kekule  are  cases  in  point. 

The  publication  of  Kekule's  Leiirhuch  der  orgcmischen  Chemie  falls 
for  the  most  part  within  the  Ghent  period.  The  first  instalment 
appeared  in  1859.  The  effect  produced  by  the  book  was  enormous. 
The  facts  of  organic  chemistry  appeared  to  group  themselves  spon- 
taneously vinder  the  new  system.  Whatever  might  be  its  ultimate 
fate,  here  was  a  method  of  exposition  immeasurably  superior  to  any 
that  had  preceded  it ;  and  as  a  result,  every  text-book  of  organic 
chemistry  that  has  since  appeared  has  shown  more  or  less  distinctly 
the  influence  of  this  remarkable  work.  Even  Kolbe's  accusation  that 
the  method  owed  its  success  to  the  fact  that  it  saved  chemists  the 
trouble  of  thinking,  may  be  regarded  as  indirect  praise. 

Kekul6's  Lehrhuch  was  never  finished.  The  first  instalment  of  the 
third  volume  appeared  in  1867 — the  year  in  which  Kekule  left 
Ghent — after  which  further  publication  ceased  for  thirteen  years.  On 
one  occasion,  Kekul6  received  from  his  students  an  amusing  reminder 
that  they  desired  to  see  the  continuation  of  the  woi"k.  It  was  at  a 
Commers  held  at  Bonn  in  the  early  seventies.  For  the  benefit  of 
those  who  may  be  unfamiliar  with  German  academic  customs,  I  may 
explain  that  the  Commers  is  a  students'  festivity  in  which  the  beer 
of  the  country  plays  an  important  part.  Professors  are  frequently 
present  by  invitation,  and  just  as,  at  the  ancient  saturnalia,  the 
position  of  master  and  servant  was  reversed,  so,  at  these  mild  modern 
saturnalia,  there  is  a  certain  relaxation  of  the  attitude  of  strict 
respect  which  the  German  student  otherwise  maintains  towards  his 
professor.     Thus  a  professor  may  hear  his   work,  or   some   literary  or 
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other  controversy  in  which  he  is  engaged,  playfully  discussed  in  a 
set  of  occasional  verses,  or  made  the  theme  of  a  humorous  dramatic 
interlude  enacted  by  the  students.  On  the  occasion  referred  to, 
Kekule,  on  taking  his  seat,  found  on  the  table  in  front  of  him  what 
purported  to  be  a  complete,  bound  copy  of  the  only  partially  existent 
third  volume  of  his  Lehrbuch.  On  closer  examination  it  proved  to 
be  a  box,  in  book  form,  containing  writing  materials.  Kekule 
enjoyed  the  joke,  but  declined  to  take  the  hint,  at  least  for  the  time 
being.  Later  on,  in  1880,  with  the  collaboration  of  AnschUtz  and 
Schultz,  he  returned  to  the  work ;  but  with  the  conclusion  of  the 
third  volume  this  second  attempt  also  collapsed. 

In  1867  Kekule  was  appointed  to  the  Professorship  of  Chemistry  in 
the  University  of  Bonn.  Here  he  found  himself  at  the  head  of  a 
palatial  laboratory,  built  shortly  before  from  Hofmann's  designs. 
Dui-ing  the  first  part  of  the  time  which  he  spent  at  Bonn  his  scientific 
activity  continued,  and  he  pviblished  various  important  researches, 
chiefly  in  collaboration  with  pupils.  Among  the  numerous  chemists 
who  studied  under  Kekule  at  Bonn  may  be  mentioned  :  AnschUtz, 
Bedson,  Bernthsen,  Carnelley,  Olaisen,  Dittmar,  Franchimont,  van't 
Hoff,  Klinger,  Konigs,  G.  Schultz,  Thorpe,  Wallach,  and  Zincke. 
The  research  work  belonging  to  this  period  deals  with  the  following 
subjects,  amongst  others  :  phenylmercaptan  and  phenylic  sulphide 
(investigated  jointly  with  Szuch)  ;  ethylbenzoic  acid  (with  Thorpe) ; 
the  formation  of  hydroxyazohenzene  by  the  action  of  diazobenzene 
chloride  on  sodium  phenoxide  (with  Hidegh)  ;  an  aromatic  glycolic  acid 
— hydroxymethylbenzoic  acid — (with  Dittmar)  ;  the  condensation  pro- 
ducts and  polymeric  modifications  of  aldehyde  (with  Zincke) ;  the 
action  of  phosphorus  pentachloride  on  sulphonic  acids  (with  Gibertini 
and  Barbaglia) ;  on  triphenylmethane  (with  Franchimont)  ;  the 
formation  of  cymene  and  cymyl  hydrosulphide  by  the  action  of 
phosphorus  pentasulphide  on  camphor  (with  Pott  and  Flesch),  and 
of  cymene  by  the  action  of  iodine  on  oil  of  turpentine  (with 
Bruylants)  ;  the  constitution  of  the  allyl  compounds  and  of  crotonic 
acid  (with  Einne) ;  and  the  well-known  speculations  on  the  con- 
stitution of  isatin  and  isatic  acid,  which  led,  later  on,  to  the  synthesis 
of  these  compounds  by  Claisen  and  Shadwell.  About  the  year 
1876,  however,  Kekule's  physical  powers  began  to  show  signs  of 
failure,  and  for  the  rest  of  his  life  he  practically  never  again  enjoyed 
a  continuance  of  good  health.  He  aged  prematurely  and  rapidly. 
Increasing  deafness  exercised  a  depressing  effect  upon  him,  and  led 
him  to  shun  the  society  even  of  his  more  intimate  friends.  Under 
these  circumstances  it  is  not  surprising  that  the  time  which  he  devoted 
to  his  laboratory  was  greatly  curtailed.     There  was  still,  however,  an 
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occasional  but  unfailing  incentive  to  research  ;  namely,  the  publication, 
by  other  chemists,  of  results  which  clashed  with  his  theoretical  views. 
In  such  cases,  Kekule's  suspicions  of  the  accui-acy  of  the  observations 
were  at  once  aroused ;  the  work  was  carefully  repeated  and  shown  to 
be  vitiated  by  some  blunder ;  in  fact,  the  effect  of  the  corrected 
work  was  generally  to  establish  Kekule's  views  more  securely 
than  ever.  Cases  in  point  are  the  re-investigation  of  Tanatar's 
"  bioxyfumaric  acid"  and  "  trioxymaleic  acid,"  which  proved  to  be 
racemic  acid  and  mesotartaric  acid  respectively,  published  jointly  with 
Anschiitz  in  1880 — 81  ;  of  Gruber  and  Earth's  "  carboxytartronic  " 
(dihydroxy tartaric)  acid  in  1883  ;  and  of  Carius'  "  trichlorphenomalic  " 
(trichlor-y8-acetylacrylic)  acid,  jointly  with  Strecker,  in  1884.  The 
whole  of  this  work,  both  experimental  and  theoretical,  is  masterly, 
finished  in  all  its  details,  worthy  of  Kekule  at  his  best.  How  the 
supposed  "  carboxytartronic  "  acid,  up  to  that  time  regarded  as  a  pillar 
of  Ladenburg's  prism  formula  for  benzene,  was  shown  to  be  dihydroxy- 
tartaric  acid  and  to  furnish  fresh  evidence  in  favour  of  Kekule's 
hexagon  ;  how  "  trichlorphenomalic  "  acid,  first  discovered  by  Carius 
and  fui'nished  by  him  with  a  wrong  formula  and  various  self-contra- 
dictory reactions,  then  apparently  abolished  by  Krafft,  was  finally  re- 
habilitated, explained,  and  summoned  as  a  fresh  witness  on  behalf  of 
the  hexagon  :•  these  narratives  are,  to  those  capable  of  following  them, 
of  absolutely  dramatic  interest.  Of  this  dramatic  interest  none  was 
more  conscious  than  Kekule  himself ;  he  calls  the  story  of  "  trichlor- 
phenomalic "  acid  a  "  Comedy  of  Errors," 

Kekule's  premature  physical  decay  was,  therefore,  entirely  unaccom- 
panied by  any  corresponding  failure  of  his  mental  powers.  These 
remained  fresh  to  the  last.  Even  up  to  a  few  months  before  his  death, 
he  would,  when  his  strength  permitted,  discuss  with  his  assistants 
problems  connected  with  the  recent  pi'ogress  of  chemical  science. 

There  is  no  doubt  that  Kekule  had  presumed  too  much  on  a  natu- 
rally strong  constitution  and  had  undermined  it  by  excessive  study  in 
early  life.  In  the  speech  already  referred  to,  he  admits  as  much.  I 
will  quote  the  passage  and  also  that  immediately  following  it,  which 
contains  much  excellent  advice  to  young  students  : 

"  I  have  faithfully  followed  the  counsel  which  my  old  master,  Liebig,  gave 
me  when  I  was  a  young  beginner.  '  If  you  want  to  be  a  chemist,'  Liebig  said 
to  me  when  I  was  working  in  his  laboratory,  '  you  will  have  to  ruin  your 
health  ;  no  one  who  does  not  ruin  his  health  with  study  will  ever  do  anything 
in  chemistry  nowadays.'  That  was  forty  years  ago.  Is  it  still  true  ?  I  faith- 
fully followed  the  advice.  During  many  years  I  managed  to  do  with  four  and 
even  three  hours'  sleep.  A  single  night  spent  over  my  books  did  not  count ; 
it  was  only  wlien  two  or  tlu'ee  came  in  succession  that  I  thought  I  had  done 
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anything  meritorious.  At  tliat  time  I  had  acquired  such  a  fund  of  know- 
ledge as  to  make  my  friends  think  that  I  was  more  trustworthy  than  the 
Jahreshericht, 

"  Those  good  days  are  long  past.  Of  the  various  mental  powers,  imagination 
is  the  first  to  go  ;  memory  follows — fortunately,  slowly ;  the  longest  to  remain 
is  the  critical  faculty,  but  this  may  still  do  good  service,  provided  that  it  rests 
on  the  broad  foundation  of  solid  knowledge  acquired  by  thorough  industry. 
May  I  draw  a  moral  ?  I  would  recommend  my  young  fellow-chemists  to  be 
diligent  during  youth. 

"One  cannot  explore  new  countries  in  express  trains,  nor  will  the  study  of 
even  the  best  text-books  qualify  a  man  to  become  a  discoverer.  Whoever  is 
content  to  follow  well-laid  promenades  until  he  reaches  some  pleasant  eminence 
frequented  by  tourists,  may,  by  striking  into  the  thickets,  gather  some  forgotten 
flower ;  or,  if  cryptogams,  mosses,  and  lichens  satisfy  him,  may  even  bring 
home  a  well-filled  vasculum  ;  but  anything  essentially  new  he  will  not  find. 
Whoever  wishes  to  train  himself  as  an  investigator  must  study  the  travellers' 
original  works  ;  and  that,  too,  so  thoroughly  that  he  is  able  to  read  lietween 
the  lines — to  divine  the  author's  unexpressed  thought.  He  must  follow  the 
paths  of  the  Pathiinders  ;  he  must  note  every  footprint,  every  bent  twig,  every 
fallen  leaf.  Then,  standing  at  the  extreme  point  reached  by  his  predecessors, 
it  will  be  easy  for  him  to  perceive  where  the  foot  of  a  further  pioneer  may  find 
solid  ground." 

These  words  were  spoken  on  the  occasion  of  what,  I  believe,  was 
Kekule's  last  appearance  before  a  public  audience.  The  German 
Chemical  Society  had  resolved  to  celebrate  the  twenty-fifth  anniversary 
of  the  publication  of  Kekule's  benzene  theory.  To  this  end  they  held, 
in  his  honour,  on  March  11th,  1890,  a  festival  of  a  magnificence 
perhaps  unparalleled  in  the  history  of  science.  Chemical  Societies  in 
all  parts  of  the  world — our  own,  as  the  oldest,  heading  the  list — 
united  in  sending  delegates  with  addresses  of  congratulation.  A 
portrait  of  Kekule  had  been  painted  by  H.  von  Angeli  at  the  instance 
of  the  German  coal  tar  colour  manufacturers,  who  had  adopted  this 
means  of  testifying  to  their  sense  of  the  influence  which  Kekule's 
theoretical  views  had  exercised  in  furthering  their  branch  of  chemical 
industry ;  this  portrait,  which  is  now  in  the  National  Gallery  in 
Berlin,  was  unveiled  on  that  occasion.  The  President  of  the  Society, 
A.  W.  von  Hofmann,  delivered  one  of  these  felicitous  addresses  of 
which  I  fear  that  the  secret,  so  far  as  chemists  are  concerned,  has  died 
with  him  :  in  it  he  sketched  the  history  of  benzene  from  the  time  of 
its  discovery  as  "  bicarburetted  hydrogen  "  by  Faraday  iip  to  the  point 
wlien  Kekule  appeared,  to  "  pluck  the  heart  out  of  its  mystery,"  Then 
A.  von  Baeyer  gave  a  critical  review  of  the  entire  field  of  the  benzene 
theory,  coming  to  the  conclusion  that  all  lines  of  discussion  of  the 
problem  ultimately  led  to  the  solution  first  furnished  by  Kekule. 
Other  distinguished  pupils  of  Kekule's  added  their  tribute  of  homage. 
Finally  the   master  himself  replied,    in   a  speech  which   was,  beyond 
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cavil,  the  culminating  point  of  the  day's  proceedings,  striking  as  these 
had  been.  It  was  the  personal  utterance  of  a  man  whose  utterances 
had  hitherto  been  confined  mainly  to  the  exposition  of  the  impersonal 
facts'and  theories  of  his  science.  It  was  modestly  autobiographical ; 
it  traced  the  growth  and  training  of  the  speaker's  powers ;  it  afforded 
a  glimpse  into  his  intellectual  workshop.  Needless  to  say  that  it 
produced  a  profound  impression.  I  have  already  given  copious  extracts 
from  this  speech  ;  I  only  wish  that  time  permitted  me  to  quote  the 
whole.  It  should  be  read  by  every  one  who  desires  to  understand 
Kekule's  character  and  influence. 

On  the  day  preceding  these  celebrations,  Kekule  communicated 
verbally  *  to  the  German  Chemical  Society,  at  the  ordinary  meeting  of 
March  10th,  1890,  the  results  of  the  last  scientific  investigation  on 
which  he  was  ever  engaged.  It  was  an  experimental  proof  of  the 
absence  of  a  para-bond  in  pyridine,  and  was  doubtless  intended  to 
have  an  indirect  bearing  on  his  benzene  formula. 

A  chill  which  Kekule  received  in  April,  1896,  on  a  journey  to  Cassel, 
told  on  his  already  weakened  system.  The  state  of  his  health  began 
to  occasion  the  gravest  fears.  At  the  same  time  symptoms  of  heart 
disease  manifested  themselves.  However,  his  health  again  improved  ; 
but  just  when  the  immediate  danger  appeared  to  have  passed  over,  he 
succumbed  to  failure  of  the  heart's  action  on  July  13th,  1896. 

Kekule's  merits  never  lacked  recognition.  He  was  a  member  of 
most  of  the  European  academies  and  other  learned  societies.  He  was 
elected  a  Foreign  Member  of  our  own  Society  in  1862,  and  of  the 
Royal  Society  in  1875.  He  received  the  Copley  Medal  in  1885,  and 
the  Prussian  Ordre  jyour  le  Merite  in  1895.  The  present  German 
Emperor,  who,  during  his  period  of  study  at  Bonn,  was  a  pupil  of 
Kekule,  revived  an  old  title  of  nobility  which  Kekule's  family  had 
formerly  borne  ;  and  during  his  later  years  the  great  chemist  signed 
himself  Kekule  t  von  Stradonitz.  Posterity,  however,  will  probably 
prefer  to  know  him  by  the  name  under  which  the  work  of  his  life  was 
published. 

Great  as  were  Kekule's  powers  as  a  thinker  and  an  investigator,  it 
is  no  exaggeration  to  say  that  he  was  equally  distinguished  as  a 
teacher,  whether  in  the  lecture  room  or  in  the  laboratory.  His  speech 
was  of  extraordinary  ease  and  precision.  His  lectures,  which  were 
delivered,  .so  far  as  my  recollection  goes,  without  notes,  might  have 
been   published  in    the    form    in    which    they   were    spoken.      His 

*  The  memoir  does  not  appear  to  have  ever  been  written  ;  at  all  events  it  was 
not  published  in  the  Berichk.  A  statement  of  tiie  interesting  results  obtained, 
])rivately  communicaled  by  Kekuld  himself,  is,  however,  to  be  found  in  Anschiitz's 
edition  of  Ilioliter's  Onianu^chi:  Chrmic,  2,  1896,  pp.  518 — 520, 

t  The  acute  accent  on  Ihe  final  e  is  dropped. 
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i(ie;is  were  always  ready  at  his  call  ;  thus  when,  in  directing  the 
work  of  research  students,  the  chances  of  an  investigation  brought 
him  upon  some  subject  which  he  could  not  possibly  have  been  pre- 
viously considering,  his  exposition  was  as  sure  and  as  logical  as  in  his 
set  lectures,  and  save  that  he  naturally  made  much  freer  use  of 
colloquialisms,  might,  like  the  lectures,  have  been  written  down  as  it 
stood.  The  effect  of  his  discourse  was  heightened  by  a  natural  play 
of  humour,  of  a  somewhat  dry  and  caustic  type,  for  the  exercise  of 
which  the  opinions  of  scientific  opponents  and  the  blunders  of  students 
equally  afforded  scope.  He  was  invariably  fresh  and  stimulating  ;  one 
detected  no  trace  of  that  listnessness  which  is  so  frequently  the  bane 
of  speakers  who  are  compelled  to  lecture  year  after  year  on  the  same 
theme  to  what  is  practically  the  same  audience  of  average  students. 
He  had,  moreover,  the  advantage  of  a  striking  personal  appearance  ; 
and  his  face,  ordinarily  of  a  grave  and  reflective  cast,  lighted  up  when 
he  spoke.  His  laboratory  teaching,  in  which,  during  his  later  years 
at  all  events,  he  devoted  himself  almost  exclusively  to  directing  the 
work  of  research  students,  was  remarkable  for  the  way  in  which  he 
endeavoured  to  awaken  independent  thought  in  the  student  ;  thus  he 
did  not  dictate  a  particular  course  to  be  carried  out  blindly  by  the 
student,  and  resent  any  suggestion  as  an  impertinence — a  method  of 
teaching  not  unknown  in  some  laboratories  where  the  output  of  re- 
search work  is  possibly  in  excess  of  its  educational  value  ;  on  the 
contrary,  he  was  never  better  pleased  than  when  a  student  was  full  of 
suggestions,  which  he  would  spend  much  time  in  patiently  listening  to 
and  criticising.  The  one  thing  which  he  never  pardoned  in  a  student 
was  want  of  interest  in  his  work ;  such  a  student  was,  for  the  future, 
quietly  ignored. 

If  one  compares  Kekule's  published  experimental  work  with  that  of 
many  other  eminent  chemists  among  his  fellow-countrymen — with 
that,  for  example,  of  Liebig,  or  Wijhler,  or  Hofmann — one  is  struck 
by  its  much  smaller  volume.  His  ill-health  affords  only  a  partial  ex- 
planation. Although  no  one  acquainted  with  Kekule's  exti-aordinary 
powers  of  work  would  dream  of  taxing  him  with  indolence,  yet  the 
whole  of  his  career  unmistakably  showed  that  with  him  work  was  a 
means  and  not  an  end.  He  began  by  formulating  certain  important 
theoretical  conceptions,  and  he  then,  for  a  time,  exerted  himself  to 
verify  them  experimentally.  But  when  he  saw  that  his  ideas  had 
taken  root,  and  that  hundreds  of  willing  disciples  were  engaged  in  this 
task  of  verification  ;  when  he  realised  that  only  by  such  general  co- 
operation could  the  work  be  brought  to  a  successful  issue  ;  he  contented 
himself,  for  the  most  part,  with  looking  on  and  criticising.  As  he 
said,  the  critical  faculty  was,  of  the  various  niental  powers,  that  which 
survived  longest.     His  criticism,  as  we  have  seen,  frequently  took  the 
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useful  form  of  the  correction  of  inaccurate  observations.  Again,  with 
a  view  to  disseminating  his  doctrines,  he  began  to  write  his  text-book. 
But  long  ere  the  text-book  was  finished,  it  had  done  its  work ;  the 
doctrines  were  almost  univerally  received  ;  and  the  text-book  remained 
a  noble  fragment. 

After  all,  Kekule's  supreme  merit  lies  in  his  contributions  to  theo- 
retical chemistry.  There  is,  here  as  elsewhere,  a  necessary  division  of 
labour,  and  it  is  irrational  to  complain  that  the  intellectual  gifts  of  a 
Kekule  do  not  include  those  of  a  Hofmann — that  a  Lavoisier  is  not 
also  a  Scheele. 


It  now  remains  to  consider,  somewhat  more  fully  than  has  been 
possible  in  the  course  of  the  foregoing  brief  sketch  of  Kekule's  life,  the 
main  features  of  his  theoretical  work.  But  here  a  two-fold  difficulty 
arises. 

Kekule's  greatest  achievements  in  theoretical  chemistry  are  :  the 
doctrine  of  the  linking  of  atoms  in  terms  of  their  valency,  and,  growing 
out  of  this,  the  theory  of  the  structure  of  organic  molecules,  both  in 
open-chain  and  in  closed-chain  compounds.  Even  the  youngest  branch 
of  these  theories — that  dealing  with  the  structui'e  of  closed-chain  or 
cyclic  compounds — has  been  before  the  world  more  than  thirty  years. 
Moreover,  they  are  not  recondite  theories,  hidden  away  in  the  depths 
of  the  science  ;  on  the  contrary,  they  are  organic  chemistry  itself,  and 
our  students  learn  them  on  their  first  introduction  to  the  subject. 
In  addressing  an  audience,  therefore,  of  expert  chemists,  what  new 
thing  can  be  said  on  these  well-worn  themes  1 

The  only  admissible  course  is  to  take  up  the  question  of  origins. 
Here  the  second  difficulty  presents  itself. 

Great  theoretical  conceptions  are  not  created  out  of  nothing.  Not 
only  is,  in  most  cases,  the  substratum  of  experimental  or  observational 
fact  on  which  they  rest  previously  on  record  ;  but  later  historical  re- 
search generally  discloses  the  presence,  scattered  throughout  the  lite- 
rature of  the  subject,  of  anticipatory  germs  of  the  theories  themselves. 
This  commonplace  in  the  history  of  science  finds  expression  in  the  saying 
that  "  the  theory  was  in  the  air."  Hence  arise  the  innumerable  claims 
to  priority,  with  some  of  which  I  fear  I  must  deal  on  the  present 
occasion. 

Asa  preliminary  to  the  discussion  of  the  theoretical  conceptions 
wliich  we  owe  to  Kekule,  it  will  be  necessary  to  consider  briefly  the 
state  of  organic  chemistry  at  the  time  when  he  came  upon  the  scene. 

The  dualistic  electro-chemical  theory  elaborated  by  Berzelius,  which 
for  many  years  had  dominated  the  entire  field  of  chemistry,  had,  so 
far  as  organic  chemistry  was  concerned,  fallen  before  the  attacks  of 
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Dumas,  Laurent,  and  the  other  supporters  of  the  doctrine  of  substitu- 
tion. In  1842,  ]\[elsens  showed  that  trichloracetic  acid  could  be 
re  converted  into  acetic  acid ;  and  Berzelius,  compelled  at  length 
to  admit  that  the  two  compounds  belonged  to  the  same  class,  made  a 
noteworthy  concession  to  the  doctrine  of  substitution.  Unable  to 
accept  without  qualification  the  view  that  elements  so  widely  separated 
in  the  electro-chemical  scale  as  hydrogen  and  chlorine  could  mutually 
replace  one  another  in  compounds  without  materially  changing  the 
properties  of  the  latter,  he  devised  the  doctrine  of  conjugated  com- 
pounds, and  limited  the  operation  of  this  process  of  substitution  to 
the  conjuncts.  Thus  acetic  acid  and  trichloracetic  acid  were  conjugated 
oxalic  acids  in  which  the  respective  conjuncts  were  G<JJ^  and  C.^l.^  ; 

Acetic  acid  G,^E^-\-C<p^-vIlO 

Trichloracetic  acid  G^l^  -f-  G^O^  -H  HO 

According  to  Berzelius,  the  replacement  of  hydrogen  by  chlorine, 
as  long  as  it  was  confined  to  the  conjunct,  did  not  materially  change 
the  properties  of  the  compound. 

This  limitation  of  the  action  of  substitution  to  the  conjuncts, 
and  indeed  the  entire  theory  of  conjugated  compounds,  has  generally 
been  looked  upon  as  an  unconscious  subterfuge,  adopted  by  Berzelius 
to  cover  his  retreat.  I  think,  however,  that,  regarded  even  from  the 
standpoint  of  our  modern  electro-chemical  theories,  the  limitation 
appears  a  perfectly  legitimate  one.  The  error  in  Berzelius'  original 
system  was  an  error  of  excess  :  it  had  arisen  from  applying  conceptions 
drawn  from  the  behaviour  of  electrolytes,  or  ionisable  compounds,  to 
non-electrolytes,  or  non-ionisable  compounds.  In  making  the  limita- 
tion just  referred  to,  Berzelius  merely  withdrew  the  previous  undue 
extension  of  his  system,  whilst  retaining  the  portions  which  still 
held  good.  It  is  precisely  when  a.  halogen  atom  replaces  hydrogen 
of  the  conjunct — that  is,  of  the  hydrocarbon  radicle  of  a  compound- 
that  it  is  not  ionisable ;  and  it  is  only  when  the  substituents  are 
non-ionisable  that  the  Dumas-Laurent  statement  of  the  law  of  sub- 
stitution is  valid.  I  mention  this,  because  it  appears  to  me  that,  in 
this  matter,  Berzelius  hardly  received  justice  from  his  opponents. 
Kekule,  for  example,  ridiculing  Berzelius'  change  of  front,  says 
{Lehrhuch,  1,  74—75)  :  "That  which  had  been  absurd  as  long  as  it 
was  regarded  without  any  hypothesis,  became  '  surprisingly  clear  and 
simple '  when  seen  through  the  medium  of  the  hypothesis  of  the 
conjuncts  ....  In  his  joy  over  the  conjuncts,  he  [Berzelius]  had 
forgotten  that  his  object  was  to  combat  the  theory  of  substitution." 

The  chief  point,  however,  is  that  Bei-zelius  and  his  school  were 
thus  compelled  to  abandon  their  doctrine  of  the  unchangeable  nature 
of  compound  radicles. 
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Kolbe,  the  great  continuator  of  Berzelius'  system,  adopted  and 
extended  this  doctrine  of  the  conjuncts.  At  the  same  time  he 
introduced  the  conception  of  more  complex  radicles  (ndhere  Radicale) 
which  were  built  up  from  simpler  radicles  (entferntere  Radicale). 
Thus,  according  to  Kolbe,  acetic  acid  contains  a  conjugated  radicle, 
C^H^C^  (called  by  Kolbe  "acetyl")  consisting  of  carbon  conjugated  with 
methyl ;  this  unites  with'oxygen  to  form  C.^H^C^yO^,  acetoxyl ;  and  the 
latter  in  turn  combines  with  water  to  form  acetic  acid,  C'^U^Ccfi^.HO. 
This  view  of  the  constitution  of  acetic  acid  is,  as  will  be  seen,  not  far 
removed  from  that  now  held  ;  it  clearly  indicates  that  one  half  of  the 
carbon  in  the  molecule  is  present  as  methyl,  whilst  the  other  half 
serves  to  satisfy  the  affinity  of  oxygen. 

Kolbe's  extraordinary  power  of  expi-essing  chemical  reactions  in 
terms  of  chemical  constitution  was  unfortunately  coupled  with  an 
almost  complete  inability  to  realise  the  force  of  arguments  drawn  from 
physical  laws.  One  result  was  that  until  1870  he  continued  to  use 
Gmelin's  equivalents  instead  of  our  present  atomic  weights.  There 
can  be  little  doubt  that  this  both  hampered  his  efficiency  as  an  in- 
vestigator and  prevented  his  theoretical  views  from  being  received  at 
their  full  value.  Kolbe,  however,  afterwards  contended  that  his 
mistaken  adherence  to  the  old  equivalents  had  facilitated  his  discovery 
of  the  constitution  of  acids,  aldehydes,  and  ketones,  and  his  prognosis 
of  secondary  and  tertiary  alcohols. 

Thanks  mainly  to  the  conceptions  of  chemical  structure  which  we 
owe  to  Kekule,  we  can,  looking  back  on  the  disputes  which  raged 
round  the  radicle  theory,  perceive  where  truth  lay,  and  where  error  ; 
nay,  we  can  often  see  that,  of  two  competing  rational  formulae,  both 
were  right,  each  affoi'ding  a  partial  glimpse  of  a  truth  which  after- 
wards found  its  fuller  expression  in  the  structural  formula  of  the 
compound.  But  Kekule's  predecessors  were  not  in  this  position,  and 
it  is  not  surprising  that  the  manifold  hypotheses,  and  the  contra- 
dictions, real  or  apparent,  of  the  radicle  theory  led  many  to  regard 
the  problem  of  the  constitution  of  chemical  compounds,  at  least  in 
the  sense  in  which  the  supporters  of  this  theory  understood  it,  as 
iu.solvible. 

Gerhardt  was  one  of  those  who  held  this  view,  and  in  his  earlier 
exposition  of  his  "unitary  system  ".(1848)  he  employed  empirical  formulae 
only.  His  chief  efforts  were  at  that  time  directed  to  representing 
the  various  chemical  compounds  by  comparable  quantities — their  mole- 
cular weights — and  for  this  purpose  he  selected  as  his  unit  the 
molecular  weight  of  water,  the  formula  of  which  he  wrote  HgO.  He 
employed  our  present  atomic  weights  for  carbon,  oxygen,  sulphur 
and  their  analogues ;  but  somewhat  misleadingly  called  these  atomic 
weights  "  equivalents." 
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The  difficulty  of  dealing  with  organic  compounds  by  means  of 
empirical  formulfe  alone,  led  Gerhardt  to  extend  his  original  system, 
and  to  introduce  into  the  formulse  certain  atomic  groups  which  he 
termed  "  residues."  When  two  compounds  interact,  eliminating 
jointly  the  elements  of  water  or  of  some  simple  inorganic  compound, 
the  two  residues  of  the  original  compounds  combine.  Thus,  in  the 
formation  of  nitrobenzene  from  benzene  and  nitric  acid,  water  is 
eliminated,  and  the  "  benzene  residue,"  CgH^,  unites  with  the  "nitric 
acid  residue,"  ^O.,.  The  so-called  residues  were  thus  in  many  cases 
identical  with  the  old  radicles  (leaving  out  of  account  the  fact  that 
Gerhardt  used  the  new  atomic  weights),  and  the  system  was  an 
attempt  to  secure  the  benefits  of  the  radicle  theory  whilst  avoiding 
its  more  or  less  hypothetical  basis.  The  way  was  thus  paved  for  the 
union  of  the  radicle  theory  with  Dumas'  type  theory,  the  outcome  of 
which  union  was  Gerhardt's  type  theory. 

As  regards  the  latter  theory,  the  idea  of  the  ammonia  type  was 
furnished  by  the  researches  of  Wurtz  and  Hofmann  (1849-50)  on 
the  substituted  ammonias,  in  which  1,  or  2,  or  3  hydrogen  atoms  of 
the  original  ammonia  molecule  were  replaced  by  alcohol  radicles. 
Williamson  (1850)  showed  that  alcohol  and  ether  might  in  like  manner 
be  derived  from  1  mol.  of  water  by  the  replacement  of  either  1  or 
2  hydrogen  atoms  by  such  radicles;  and  in  the  following  year  (1851) 
he  adopted  a  similar  view  in  the  case  of  the  acids  ;  thus,  he  regarded 
acetic  acid  as  1  mol.  of  water  in  which  a  hydrogen  atom  is  replaced 
by  acetyl,  GJI3O.  Shortly  afterwards  (1852),  Gerhardt,  applying  to 
the  monobasic  acids  a  method  analogous  to  that  by  which  Williamson 
had  effected  the  synthesis  of  ether,  obtained  acetic  anhydride  and  its 
analogues,  which  were  thus  shown  to  stand  in  the  same  relation  to  the 
monobasic  acids  as  the  ethers  to  the  alcohols. 

When  once  it  had  been  recognised  that  organic  compounds  might 
be  derived  by  substitution  (double  decomposition)  from  simple  in- 
organic compounds  like  water  and  ammonia,  and  might  therefore  be 
formulated  on  the  type  or  pattern  of  these,  the  process  of  finding  other 
simple  inorganic  compounds  which  should  serve  a  similar  purpose  and  so 
complete  the  type  theory,  was  a  tolerably  obvious  one.  Gerhardt  selected, 
as  his  four  types,  hydrogen  (free  hydrogen  was,  according  to  the 
Laurent-Gerhardt  view,  a  compound.  Ho),  hydrochloric  acid,  water, 
and  ammonia.  The  typical  formulae  were  not  intended  to  indicate  the 
constitution  of  the  compounds  as  the  term  was  understood  by  the 
adherents  of  the  radicle  theory.  If  two  compounds  belonged  to  the 
same  type  it  meant  merely  that  they  had  in  common  certain  functions 
and  certain  modes  of  formation  and  decomposition. 

The  idea  of  valency,  both  of  elements  and  of  compound  i-adicles, 
had  already   been  propounded.     In   his  well-known  paper   "On  the 
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Constitution  of  Salts"  (1851*),  Williamson  points  out  that  certain 
compound  radicles,  such  as  CoH.^0  and  NO^,  can  replace  1  atom  of 
hydrogen  in  1  mol.  of  water,  giving  rise  to  monobasic  acids ;  whilst 
others,  like  CO,  CjO^,  and  SO.^,  can  rejilace  2  atoms  of  hydrogen  in 
2  mols.  of  water,  yielding  dibasic  acids.  That  the  linking  function  of 
these  dyad  groups  was  clearly  present  to  his  mind  is  shown  by  the 
following  passage  (this  Journal,  1852,  4,  353)  in  which,  speaking  of 
Wurtz's  decomposition  of  ethylic  isocyanate  by  potassium  hydroxide,  he 
says:  "One  atom  of  carbonic  oxide  is  here  equivalent  to  2  atoms  of 
hydrogen,  and  by  replacing  them,  holds  together  the  2  atoms  of 
hydrate  in  which  they   were  contained,  thus   necessarily   forming   a 

bibasic  compound,  ^.^  '0.„    carbonate    of    potash."       This   important 

passage  contains  the  earliest  statement  of  the  fact  that  a  double  type 
(here  the  double  water  type)  is  possible  only  when  the  compound  con- 
tains a  dyad  radicle.  Later  on,  in  1854,  Williamson  {Proc.  Roy.  Soc, 
7,  11)  showed  that,  by  the  action  of  phosphorus  pentachloride  on 
sulphuric  acid,  sulphuryl  chlorhydi^ate  and  sulphuryl  dichloride  could 
successively  be  obtained,  thus  proving  sulphuric  acid  to  have  the 
formula  S02(0H)o  which  he  had  previously  assigned  to  it,  but  which 
had  been  called  in  question  by  Gerhardt.  In  the  same  year  he  pre- 
pared, jointly  with  his  pupil  Kay  (loc.  cit.,  p.  135),  the  tx'ibasic  formic 
ether  (ethylic  orthoformate),  CII(OC^H5)3  by  the  action  of  chloroform 
on  sodium  ethoxide,  and  pointed  out  that  it  was  "a  body  in  which 
the  hydrogen  of  three  atoms  of  alcohol  is  replaced  by  the  tribasic 
radical  of  chloroform."  About  the  same  time,  Odliug  (this  Journal, 
1855,  7,  1)  extended  Williamson's  views  on  the  constitution  of  salts 
and  assumed  the  presence  of  a  triad  iMdicle  PO'"  in  the  acids  of  phos- 
phorus :  thus  orthophosphoric  acid  was  formulated  on  the  triple  water 

PO'"  ) 
type  as    ott'  \  C3.     And  just  as  Williamson  had  shown  that  the  dyad 

group  SO2  could  unite  two  water  residues  to  form  sulphuric  acid — a 
double  water  type — so  Odling  employed  this  same  group  to  unite 
together  a  water  residue  and  a  sulphuretted  hydrogen  residue  to  form 
thiosulphuric  acid — a  mixed  type ;  he  formulated  sodium  thiosulphate 

9N^  '  f  ^ '  +  ^  '•     H®    thus  laid   down   the  conditions  under  which   a 

mixed  type  might  exist :  namely,  when  the  molecule  contains  a  polyad 
radicle  capable  of  holding  together  the  various  residues.t  In  the  same 

*  First  published  in  the  (7Ae?ftw;rtZ  G^azcWe  for  1851;  afterwards  reprinted  in  full 
in  the  Journ.  C'hevi.  Soc,  1852,  4,  350. 

t  Ladcnburg  (Enticicklmigsgcschichtc  dcr  Chemie,  2nd  ed.,  ]>.  232)  credits  Gerhardt 
and  Chiozza  with  having,  in  1854,  derived  succinamic  acid  from  the  mixed  type 
NH3  +  H2O  in  which  the  two  residues  were  united  by  the  dyad  radicle  succinyl.  In 
that  case  these  chemists  would  have  anticipated  Odling  in  showing  how  mixed  types 
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year,  Bertlielot  showed  that  glycerol  formeil  ethereal  salts  containing 

1,  2  and  3  radicles  of  a  monobasic  acid,  a  result  which  Wurtz  correctly 

P  TT  '"  1 
interpreted  as  proving  that  glycerol  was  a  trihydric  alcohol     ^    u^    (  Os* 

formulating  it  on  the  triple  water  type.  From  this  Wurtz  was  led  to 
foresee  the  existence  of  a  class  of  dihydric  alcohols,  the  fii-st  member  of 

p    TT    "    •» 

which, glycol,     -  -r4    >  O^,  he  prepared  in   the  following  year   (1856), 

Chemists  were  thus  beginning  to  familiarise  themselves  with  the  idea  of 
polyvalent  compound  radicles  of  diffei^ent  hydrogen-replacing  power. 

In  the  memoir  just  quoted,  Odling  employs  his  well-known  valency 
marks  to  indicate  the  valency  not  only  of  compound  radicles,  but  also 
of  elements.  The  conception  of  a  valency  of  the  elementary  atoms 
was  introduced  into  chemistry  by  E.  Frankland  in  1852.  As  Frank- 
land's  claims  in  this  respect  have  been  called  in  question  by  at  least 
one  member  of  the  Kekule  school  and  were  never  openly  acknowledged 
by  Kekule  himself,  I  will  quote  the  original  passage  more  fully  than 
would  otherwise  have  been  necessary.  It  occurs  at  the  end  of  a  paper 
"On  a  New  Series  of  Organic  Bodies  containing  Metals  "  {Phil.  Trans., 
1852,  417).  Frankland,  who  up  to  that  time  had  been  a  follower  of 
Kolbe,  now  criticises  unfavourably  Kolbe's  doctrine  of  conjugated 
compounds.  After  referring  to  Kolbe's  view  that  cacodyl  is  "  arsenic 
conjugated  with  two  atoms  of  methyl,  (C.-,H.^.^As^^  (Frankland  uses 
Gmelin's  equivalents  in  this  paper),  and  pointing  out  that  the  various 
organo-metallic  compovinds  obviously  belong  to  the  same  class  as  cacodyl, 
he  proceeds  {loc.  cit.,  p.  439)  : 

"  It  is  generally  admitted  that  when  a  body  becomes  conjugated,  its 
essential  chemical  character  is  not  altered  by  the  presence  of  the  conjunct : 
thus  for  instance,  the  series  of  acids  0^11^0^,  formed  by  the  conjunction  of  the 

should  be  formulated.  What  they  really  say,  however,  is  :  "  Succinamic  acid  repre- 
sents the  hydrate  of  an  ammonium  in  which  2  atoms  of  hydrogen  are  replaced  by 
their  equivalent  of  succinyl : 


H 


jo  N(C,H5)aQ  N(C4HA)Hao" 


[Compt.  rend.,  1854,  38,  458),  which  is  a  very  different  matter.  Ammonium  hydrate 
is  here  formulated  on  the  water  type,  and  succinyl  replaces  two  atoms  of  hydrogen 
in  ammonium  :  it  does  not  link  two  residues  together.  Bearing  in  mind  that,  in 
Part  4,  vol.  4  of  the  TraiU,  Gerliardt  formulates  the  ammonium  compounds  with 
pentad  nitrogen,  it  would  seem  that  Ladenburg  lias  read  into  Gerliardt  and  Chiozza's 
formulae  a  meaning  that  was  not  present  to  the  minds  of  the  authors. 

Gerhardt  had  not  grasped  Williamson's  principle  that  polyvalent  radicles  are 
necessary  to  link  together  the  residues  in  multiple  types,  and  in  Part  4,  vol.  4  of 
the  TraiU  he  fref|uent]y  writes  formuliB  that  are  quite  at  variance  with  it ;  thua 
C3H|0|q^  for  glycerol  ;  (^7^|J4n„  for  hydrobenzamide. 

VOL.    l.XXIII.  I 
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radicals  C„//(„-).i)  with  oxalic  acid,  have  the  same  neutralising  power  as  the 

original  oxalic  acid  ;  and,  therefore,  if  we  assume  the  organo-metallic  bodies 

above  mentioned  to  be  metals  conjugated  with  various  hydrocarbons,  we  might 

reasonably  expect,  that  the  chemical  relations  of  the  metal  to  oxygen,  chlorine, 

sulphur,  &c.,  would  remain  unchanged  ;   a  glance  at  the  formulae  of  these 

compounds  will,  however,  suffice  to  show  us  that  this  is  far  from  being  the 

case  :  it  is  true  that  cacodyl  forms  protoxide  of  cacodyl  and  cacodylic  acid, 

corresponding  to  a  somewhat  hypothetical  protoxide  of  arsenic,  which,  if  it 

exist,  does  not  possess  any  well-defined  basic  character,  and   the   other   to 

arsenious  acid  ;  but  no  known  compound  corresponding  to  arsenic  acid  can 

be  formed,  and  yet  it  cannot  be  urged  that  cacodylic  acid  is  decomposed  by 

the  powerful  reagents  requisite  to  procure  further  oxidation,  for  concentrated 

nilric  acid  may  be  distilled  from  cacodylic  acid  without  decomposition  or 

oxidation  in  the  slightest  degree  ;   the  same  anomaly  presents  itself  even 

more  strikingly  in  the  case  of  stanethyiium,  which,  if  we  are  to  regard  it  as  a 

conjugate  radical,  ought  to  combine  with  oxygen  in  two  proportions  at  least, 

to  form  compounds  corresponding  to  protoxide  and  peroxide  of  tin  ;   now 

stanethyiium  rapidly  oxidises  when  exposed  to  the  air,  and  is  converted  into 

pure  protoxide  ;  but  this  compound  exhibits  none  of  that  powerful  tendency 

to  combine  with  an  additional  equivalent  of  oxygen,  which  is  so  characteristic 

of  protoxide  of  tin  ;  nay,  it  may  even  be  boiled  with  dilute  nitric  acid  without 

evincing  any  signs  of  oxidation  :    I  have  been  quite  unable  to  form   any 

higher  oxide  than  that  described  ;    it  is  only  when  the  group  is  entirely 

broken  up  and  the  ethyl  separated,  that  the  tin  can  be  induced  to  unite  with 

another  equivalent  of  oxygen.     Stibethyl  also  refuses  to  unite  with  more  or 

less  than  two  equivalents  of  oxygen,  sulphur,  iodine,  &c.,  and  thus  forma 

compounds  which  are  not    represented   amongst    the    combinations    of  the 

simple  metal  antimony. 

"  When  the  formulae  of  inorganic  chemical  compounds  are  considered,  even 
a  superficial  observer  is  struck  with  the  general  symmetry  of  their  con- 
struction ;  the  compounds  of  nitrogen,  phosphorus,  antimony,  and  arsenic 
especially  exhibit  the  tendency  of  these  elements  to  form  compounds  con- 
taining 3  or  5  equivalents  of  other  elements,  and  it  is  in  these  proportions 
that  their  affinities  are  best  satisfied  ;  thus  in  the  ternal  group  we  have  NO^, 
NE^,  NI3,  NS3,  POs,  PHs,  PCI3,  SbOs,  ShR^,  SbC%,  AsO^,  AsH^,  AsC%, 
&c. ;  and  in  the  five-atom  group  NO^,  NH^O,  Nil  J,  FO^,  PUJ,  &c.  With- 
out offering  any  hypothesis  regarding  the  cause  of  this  symmetrical  grouping 
of  atoms,  it  is  sufficiently  evident,  from  the  examples  just  given,  that  such  a 
tendency  or  law  prevails,  and  that,  no  matter  what  the  character  of  the  uniting 
atoms  may  be,  the  comhining  pmver  of  the  attracting  element,  if  I  mag  be  allowed 
the  term,  is  ahvays  suttsjied  by  the  same  number  of  these  atoms.  It  was  probably 
a  glimpse  of  the  op'^ration  of  this  law  among  the  more  complex  organic  groups, 
which  led  Laurent  and  Dumas  to  the  enunciation  of  the  theory  of  types  ;  and 
had  not  those  distinguished  chemists  extended  their  views  beyond  the  point 
to  which  they  were  well  supported  by  then  existing  facts — had  they  not 
assumed  that  the  properties  of  an  organic  compound  are  dependent  upon  the 
position,  and  not  upon  the  nature  of  its  single  atoms,  that  theory  would 
undoubtedly  have  contributed  to  the  development  of  the  science  to  a  still 
greater  extent  than  it  has  already  done  ;  such  an  assumption  could  only  have 
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been  made  at  a  time  when  the  data  upon  wliicli  it  was  IVmnded  were  few  and 
imperfect,  and,  as  the  study  of  tlie  plienoraena  of  substitution  progressed,  it 
gradually  became  untenaljle,  and  the  fundamental  principles  of  the  electro- 
chemical theory  again  assumed  their  sway.  The  formation  and  examination 
of  the  organo-metallic  bodies  promise  to  assist  in  effecting  a  fusion  of  the 
two  theories  which  have  so  long  divided  the  opinions  of  chemists,  and  whicli 
have  too  hastily  been  considered  irreconcilable  ;  for,  whilst  it  is  evident  that 
certain  types  of  series  of  compounds  exist,  it  is  equally  clear  that  the  nature 
of  the  body  derived  from  the  original  type  is  essentially  dependent  upon  tlie 
electro-chemical  character  of  its  single  atoms,  and  not  merely  upon  the 
relative  position  of  those  atoms.  .  .  . 

"Taking  this  view  of  the  so-called  conjugate  organic  radicals,  and  regarding 
the  oxygen,  sulphur,  or  chlorine  compounds  of  each  metal  as  the  true 
molecular  type  of  the  organo-metallic  bodies  derived  from  it  by  the  substitu- 
tion of  an  organic  group  for  oxygen,  sulphur,  &c.,  the  anomalies  abo^e 
mentioned  entirely  disappear,  and  we  have  the  following  inorganic  type  s 
and  organo-metallic  derivatives  : — 

Inorganic  types.  Organo-metallic  derivatives. 
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The  foregoing  extract  from  Frankland's  paper  contains  a  complete 
statement,  in  terms  of  Gmelin's  equivalents,  of  the  valency  of  the 
various  elementary  substances  employed  as  "  grouping  elements  "  (to 
make  use  of  a  term  introduced  later  by  Frankland)  in  the  formulae 
given.  In  the  case  of  the  perissads — nitrogen,  phosphorus,  arsenic,  and 
antimony — the  valencies  are  3  and  5,  being  thus  identical  with  those 
now  assigned  to  these  elements.  Arsenic  appears  in  cacodyl  as  a  dyad 
— a  pseudo-dyad,  as  Frankland  would  have  called  it  later.  In  the 
case  of  the  artiads,  zinc  and  tin,  the  atomic  weight  is  twice  the 
equivalent ;  hence  the  valency  given  by  Frankland  must  be  doubled. 
Mercury  has  been  taken  with  the  atomic  weight  200,  and  its  valency 
is  correctly  given. 

Another  important  point  is,  that  Frankland  rejects  the  conception 
of  conjugated  compounds  and  writes  typical  formulae  explicitly  based 
on  the  valency  of  the  elements. 

One  result  of  Frankland's  employing  Gmelin's  equivalents  was  that 
his  statement  of  the  law  of  valency  did  not  impress  the  adherents  of 
the  type  theory  so  much  as  it  might  otherwise  have  done.  Kekul6, 
who  in  the  introduction  to  his  Lehrh^ich  fully  acknowledges  his  obliga- 
tions to  "  Williamson  and  Odling,  Hofmann  and  Wurtz,"  does  not 
mention  Frankland  ;  and  a  similar  omission  occurs  in  Wurtz's  Atomic 
Theory.  Kekule,  as  already  mentioned,  never  expressed  himself,  at 
all  events  in  his  published  writings,  on  the  subject  of  Frankland's 
claims  ;  but,  if  we  have  not  Kekule's  "  official  "  opinion  on  the  subject, 
we  have  an  opinion,  put  forward  in  a  paper  published  by  Baeyer  in 
1858,  when  the  latter  was  a  student  in  Kekule's  laboratory,  which 
must,  I  think,  be  regarded  as  "semi-official."  Baeyer  gives  a  list  of 
compounds  formed  by  the  union  of  monads  alone  (methyl  and  chlorine) 
with  the  elements  of  the  nitrogen  group,  in  which  the  latter  exhibit 
either  triadic  or  pentadic  character — belonging,  as  Baeyer  expresses  it, 
either  to  the  ammonia  type,  or  to  the  ammonium  chloride  type — and 
adds  {Annahn,  1858,  105,  274)  :— 

"  I  would  here  remind  the  reader  of  tlie  series  of  compounds  which 
Frankland  gave  in  his  investigations  ou  ziiic-etliyl,  in  which  he  drew  a 
parallel  between  the  compounds  of  the  metals  with  oxygen  and  those  with 
the  alcohol  radicles,  whilst  the  latter  are  analogous  to  hydrogen  and  not  to 
oxygen.  The  view  which  is  thus  gained  is  purely  superficial ;  it  vanishes 
immediately  when  the  proper  atomic  weight  of  oxygen  is  adopted,  and 
the  formula;  which  contain  an  odd  number  of  atoms  of  that  element  are 
doubled." 

With  regard  to  the  foi'egoing  passage,  I  think  we  may  lay  it  down 
as  a  safe  general  principle,  to  be  adopted  in  dealing  with  this  interest- 
ing period  of  chemical  hii-tory,  that  a  discovery,  made  by  an  adherent 
of  the  radicle  theory  and  ton  ectly  foruiulated   l)y  him  in  terms  of  the 
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old  equivalents,  does  not  become  the  property  of  the  first  adherent  of 
the  type  theory  who  happens  to  translate  it  into  the  new  atomic  weights. 
Baeyer's  criticism  has  been  replied  to  by  Frankland  in  the  intro- 
duction to  the  series  of  papers  on  organ o-metallic  compounds  i-eprinted 
in  his  Experimental  Researches  (p.  153).  As  some  chemists  may  not 
have  seen  the  passage,  I  will  quote  it  : — 

"  Exception  has  been  taken,  I  think  somewhat  unfairly  [here  Baeyei's 
criticism  is  given  as  a  footnote],  to  the  analogies  upon  which,  in  the  following 
papers,  I  have  founded  the  doctrine  of  atomicity.  It  has  been  stated,  for 
instance,  that  there  is  no  real  analogy  between  antimonic  anhydride  and  anti- 
raonic  triethoside,  if  the  dyadic  atom  of  oxygen  be  used  in  the  formula  of  the 
first — that  the  real  analogy  is  between  antimonic  chloride  and  antimonic 
triethoxide,  &c.  But  even  in  the  light  of  our  most  recent  conceptions  of  the 
constitution  of  chemical  compounds,  the  analogies  which  I  pointed  out  are 
strictly  correct  ;  for  in  antimonic  anliydride  each  atom  of  antimony  has  five 
bonds  satisfied  by  oxygen,  whilst  in  the  organo-metallic  analogue,  antimonic 
triethoxide,  the  oxygen  of  three  of  these  bonds  has  been  replaced  by  ethyl : 

Et 
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II  I 

0  Et 

Antimonic  auhy(h'i(lc.  Antimonic  triethoxide. 

"At  the  time  when  the  second  paper  of  this  chapter  was  written,  I  employed, 
in  common  with  nearly  all  chemists,  what  is  known  as  the  small  atom  of 
oxygen  (0  =  8).  With  this  atomic  weight  oxygen  was  monadic;  and  as  it 
formed  the  only  pentadic  inorganic  compound  of  arsenic,  it  lent  itself,  on  the 
whole,  better  to  the  expression  of  my  analogies  than  either  chlorine,  bromine, 
or  iodine  ;  but  (and  it  is  on  this  ground  that  I  complain  of  the  unfairness  of 
my  critic)  I  distinctly  stated  *  that  I  regarded  '  the  oxygen,  sulphur,  or  chlorine 
compounds  of  each  metal  as  the  true  molecular  types  of  the  organo-metallic 
bodies  derived  from  them  by  the  substitution  of  an  organic  group  for  oxygen, 
sulphur,  &c.,'  and  I  actually  used,  in  the  table  of  analogous  compounds,  Hgl.^ 
as  the  type  of  HgMel." 

If  Kekule  did  not  express  himself  regarding  Frankland's  claims,  he 
went  further  than  this,  for  he  claimed  to  have  been  himself  the  first 
propounder  of  the  doctrine  of  the  valency  or,  as  he  termed  it,  the 
atomicity,  of  the  elements.  In  a  note  "  On  the  Atomicity  of  the  Ele- 
ments "  {Compt.  rend.,  1864,  58,  510),  published  in  reply  to  views  put 
forward  by  Naquet  and  others,  he  says  :  "  I  consider  that  it  is  all  the 
more  my  duty  to  intervene  in  this  discussion,  seeing  that,  if  I  am  not 
mistaken,  it  was  I  who  first  introduced  into  chemistry  the  conception 
of  the  atomicity  of  the  elements."  (It  should  be  mentioned  that  the 
fii'st  occasion  on  which  Kekule  refers  to  valency  is  in  his  paper  on 
thiacetic  acid,  published  in   1854,  two  years   later  than  Frankland's 

*  See  the  extract  from  Frankland's  paper  already  given. 
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paper.)  He  theu  pi-oceeds  to  combat  the  doctrine  of  varying  valency: 
the  equivalent  of  an  element  may  vary  ;  but  its  valency  is  as  invari- 
able  as  its  atomic  weight.  Neither  is  valency  to  be  regarded  as 
identical  with  maximum  capacity  for  saturation  :  thus,  in  reply  to 
Naquet,  who  regarded  iodine  as  triadic  and  the  elements  of  the  sulphur 
group,  including  oxygen,  as  tetradic,  he  points  out  that  if  iodine  is  a 
triad  in  ICI.j,  tellurium  must  be  dodecadic  in  Tel^ — a  supposed 
reductio  ad  absurdum  v^Ydch.  Kekule's  opponents  might  justly  regard  as 
a  travesty  of  their  views.  He  then  defines  the  conditions  which,  he 
considers,  alone  render  the  determination  of  the  valency  of  an  element 
possible  :  the  element  in  question  must  be  combined  solely  with 
monads,  and  the  resulting  compound  must  be  volatile  without  decom- 
position. Such  a  compound  he  regards  as  atomic.  Two  or  more 
atomic  molecules  may  unite  to  form  a  molecular  compound  ;  such  a 
compound  may  be  distinguished  by  the  fact  that,  when  volatilised,  it 
dissociates ;  it  is  not  available  for  the  purpose  of  determining  the 
valency  of  the  elements  which  it  contains.  Thus  ICl,  PCI3,  and  NH3, 
are  atomic  compounds,  and  their  formulae  show  iodine  to  be  monadic, 
and  phosphorus  and  nitrogen  to  be  triadic.  Iodine  trichloride,  phos- 
phorus pentachloride,  and  ammonium  chloride  are  represented  as 
molecular  compounds,  ICljCI,;  PCl.^jClo;  NH3,HC1.  (At  that  time  the 
existence  of  phosphorus  pentafluoride,  a  compound  of  pentadic  phos- 
phorus gaseous  at  ordinary  temperatures,  and  the  fact  that  dry 
ammonium  chloride  may  be  vaporised  without  dissociation,  were,  of 
course,  unknown.)  Again,  referring  to  his  doctrine  of  fixed  valency, 
he  speaks  {loc.  cit^,  p.  512)  of  "  the  reasoning  which  has  made  me 
remain  faithful  to  my  original  manner  of  viewing  the  subject,  and 
which,  I  venture  to  hope,  will  end  by  carrying  the  day  against  the 
modifications  which  have  been  proposed  since."  Surely,  Frankland's 
doctrine  of  varying  valency  was  earlier  in  the  field  I 

Of  all  the  doctrines  which  we  owe  to  Kekul6  that  of  fixed  valency 
is  probably  the  one  which  has  met  with  least  acceptance,  even  among 
chemists  of  his  own  school.  At  the  present  day  it  is,  so  far  as  I  am 
aware,  without  supporters.     Yet  Kekule  held  it  to  the  last. 

Whilst  we  must  thus  admit  that  it  was  with  Fraukland  and  not 
with  Kekule  that  the  idea  of  the  valency  of  elementary  substances 
originated,  we  are  in  a  position,  I  think,  to  explain  how  it  was  that 
Kekule  came  to  ignore  Frankland's  work  and  to  claim  the  theory  for 
himself.  To  Kekule,  varying  valency  and,  moreover,  varying  valency 
referred  to  equivalents  instead  of  to  atoms,  was  not  valency  at  all,  as 
he  understood  it.  We  must  bear  in  mind  the  attitude  of  the  two 
opposed  schools  in  questions  of  chemical  theoi'y  :  how  each  seemed  to 
labour  under  an  absolute  inability  to  place  itself  in  the  mental  posi- 
tion of  the  other.      I  have  no  doubt  that  Kekule  paid  very  little  atten- 
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tion  to  Frankland's  theoretical  views  ;  that  he  evolved  the  doctrine  of 
valency  in  part  independently  and  in  part  from  the  indications  which 
he  found  in  the  writings  of  Williamson,  Odling,  and  Wurtz  ;  and  that 
afterwai'ds,  perceiving  that  Frankland  had  put  forward  similar  idea?, 
he  came  to  the  conclusion  that  they  had  not  been  deduced  by  a  legitimate 
process  and  were  not  corx-ectly  stated. 

These  considerations,  which  may  have  appeared  important  at  the 
time,  need  not  weigh  with  us  at  the  present  day.  The  battle  between 
the  radicle  theory  and  the  type  theoi^y  is  long  past.  The  victory  was 
not  entirely  with  either,  for  the  theory  of  chemical  structure,  based  on 
the  doctrine  of  valency,  absorbed  and  assimilated  both.  Frankland 
correctly  pei-ceived  that  the  views  which  be  was  advocating  promised 
"  to  assist  in  effecting  a  fusion  of  the  two  theories  which  have  so  long 
divided  the  opinions  of  chemists,  and  which  have  too  hastily  been  con- 
sidered irreconcilable."  But  the  theory  of  chemical  structure  which 
effected  this  fusion  is  imperishably  associated  with  the  name  of  Kekule, 
and,  therefore,  if  he  did  not  originate  the  doctrine  of  valency,  no  other 
chemist  used  it  to  so  good  purpose.  Frankland,  speaking  of  valency, 
says  {Experimental  Researches,  p.  154)  :  "  I  do  not  forget  how  much, 
in  its  present  developments,  this  law  owes  to  the  labours  of  other 
chemists,  especially  to  those  of  Kekule  and  Cannizzaro.  Indeed,  until 
the  latter  had  placed  the  atomic  weights  of  the  metallic  elements  on 
their  present  consistent  basis,  the  satisfactory  development  of  the 
doctrine  was  impossible." 

In  his  later  years,  Kekule  looked  back  upon  those  troublous  times 
with  a  more  tolerant  eye.     I  again  quote  from  his  Berlin  address : 

"  No  science  has  developed  so  steadily  as  chemistry,  although  during  one 
period  of  its  development  which  fell  partlj^  within  my  own  experience,  the 
very  opposite  seemed  for  a  time  to  be  the  case.  Fifty  years  ago,  the  stream  of 
chemical  progress  had  divided  into  two  branches.  The  one  flowed,  chiefly  on 
French  soil,  through  luxuriant  flower-decked  plains  ;  and  those  who  followed 
it,  with  Laurent  and  Dumas  at  their  head,  could  reap,  during  the  whole 
voyage,  almost  without  eff'ort,  an  abundant  harvest.  The  other  followed  the 
course  indicated  by  an  old  and  approved  guide-post  set  up  by  the  great 
Swedish  chemist,  Berzelius  ;  it  led  for  the  most  part  through  broken  boulders, 
and  only  later  on  did  it  again  reach  fertile  country.  At  length,  as  the  two 
l)ranches  had  again  approached  much  nearer  to  one  another,  they  were  separated 
by  a  thick  growth  of  misunderstandings,  so  that  those  who  were  sailing  along 
on  the  one  side  neither  saw  those  on  the  other,  nor  understood  their  speech. 
Suddenly  a  loud  shout  of  triumph  resounded  from  the  host  of  the  adherents  of 
the  type  theory.  The  others  had  arrived — Frankland  at  their  liead.  Botli 
sides  saw  that  they  had  been  striving  towards  the  same  goal,  although  by 
different  routes.  They  exchanged  experiences  ;  each  side  profited  l)y  the  con- 
quests of  the  other  ;  and  with  united  forces  they  sailed  onward  on  the  re- 
united stream.     One  or  two  held  themselves  apart  and  sulked  ;  they  thought 
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that  they  alone  had  lield  the  true  course — the  right  fair- way — Vnitthey  followed 
the  stream. 

"  Our  present  opinions  do  not,  as  has  frequently  been  asserted,  stand  on  the 
ruins  of  earlier  theories.  None  of  the  earlier  theories  has  been  recognised  by 
later  generations  as  entirely  false  ;  all,  when  stripped  of  certain  ill-propor- 
tioned, meaningless  excrescences,  could  be  utilised  in  the  later  structure,  and 
form  with  it  one  harmonious  whole. 

"Here  and  there  a  seed  may  have  lain  in  the  ground  without  germinating  ; 
but  everything  tliat  grew  came  from  seed  that  had  been  previously  sown.  My 
views  also  have  grown  out  of  those  of  my  predecessors  and  are  leased  on  them. 
There  is  no  such  thing  as  absolute  novelty  in  the  matter." 

I  have  allowed  the  protagonists  to  speak  for  themselves,  and  so 
great  is  their  agreement,  at  least  in  their  later  utterances,  that  it 
seems  almost  superfluous  to  call  in  the  aid  of  an  umpire.  For  the 
sake  of  completeness,  however,  I  venture  to  do  so.  Ladenburg, 
although  a  pupil  of  Kekule  and  thoroughly  imbued  with  his  master's 
teaching,  has  displayed,  in  his  well-known  historical  treatise,  a  most 
praiseworthy  spirit  of  impartiality  in  dealing  with  the  various  questions 
at  issue  between  the  adherents  of  the  radicle  and  the  type  theories. 
Referring  to  Frankland's  enunciation  of  the  doctrine  of  valency 
already  quoted,  he  says  (Entivicklungsgeschichie  der  Chemie,  2nd  ed., 
p.  251):— 

"  With  tliis  memoir  of  Frankland's  the  first  step  was  taken  towards  a  re- 
conciliation of  the  hitherto  opposed  schools— the  means  was  furnished  for  a 
mutual  understanding.  This  means  was  destined  to  lead  to  a  fusion  of  the 
different  opinions,  and  out  of  the  fusion  the  theory  of  valency  developed.  It 
was  a  gain  for  the  adherents  of  the  type  theory  to  have  secured  Frankland's 
adhesion  to  their  principles  ;  for  he  brought  with  him  ideas  foreign  to  their 
modes  of  thought  and  capal)le  of  l)eing  turned  to  excellent  account.  I  will 
not  assert  that  tlie  former  school  could  not  have  taken  the  final  great  step — 
the  differentiation  of  the  atoms  in  terms  of  their  valency — independently  ; 
but,  having  regard  to  the  course  which  the  development  actually  followed,  the 
influence  of  Kolbe,  and  especially  of  Frankland,  on  the  representatives  of  the 
Gerhardt- Williamson  school  (Wurtz,  Kekule  and  Odling)  can  hardly  be  mis- 
taken. The  efforts  of  both  schools  were  necessary  to  impart  to  formulos  the 
significance  which  they  afterwards  acquired." 

I  have  treated  this  (juestion  of  the  authorship  of  the  doctrine  of 
valency  at  considerable  length  ;  but  the  subject  seemed  to  mo  by  its 
importance  to  justify  this,  especially  in  the  present  connection,  seeing 
that  the  whole  of  Kekulc's  work  is  based  on  this  doctrine. 

We  must  now  pass  on  to  consider  the  use  which  Kekule  made  of 
the  ideas  which  he  found  scattered  throughout  the  writings  of  his 
predecessors  ;  how  he  added  to  them  ;  and  how  he  welded  the  whole 
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into  the  coherent  system  which  forms  our  present  theory  of  the 
structure  of  organic  compounds. 

Kekule's  first  published  work  of  theoretical  importance  was,  as  has 
already  been  mentioned,  his  "  Note  on  a  New  Series  of  Organic  Acids 
containing  Sulphur"  (jUinalen,  1854,  90,  309).  He  treats  various 
organic  compounds  of  the  water  type,  such  as  acetic  acid  and  acetic 
anliydride,  with  the  sulphides  of  phosphorus,  and  in  this  way 
replaces  the  typical  oxygen  by  sulphur.  He  compares  the  action 
with  that  of  the  chlorides  of  phosphorus  and  significantly  remarks  : 
"  One  sees,  indeed,  that  the  decomposition  is  essentially  the  same ; 
only,  when  the  chlorides  of  phosphorus  are  employed,  the  product 
breaks  up  into  chloride  of  othyl  [acetylic  chloride]  and  hydrochloric 
acid,  or  into  two  atoms  of  chloride  of  othyl,  as  the  case  may  be  ; 
whereas,  on  employing  the  sulphur  compounds  of  phosphorus,  both 
groups  remain  united,  because  the  quantity  of  suljihur  equivalent  to  2 
atoms  of  chlorine  is  not  divisible."  Elsewhere,  in  the  same  paper,  he 
refers  this  difference  to  "the  dibasic  nature  of  sulphur."  He  then 
proceeds  to  defend  Gerhardt's  new  atomic  weights,  and  declares  the 
formulae  written  with  these  to  be  a  better  expression  of  the  facts 
than  the  pi'evailing  formulte.  He  says :  "  It  is  not  merely  a 
difference  in  the  mode  of  writing,  it  is  an  actual  fact,  that  1  atom  of 
water  contains  2  atoms  of  hydrogen  and  only  1  atom  of  oxygen  ;  and 
that  the  quantity  of  chlorine  equivalent  to  one  atom  of  oxygen  is 
divisible  by  2,  whereas  sulphur,  like  oxygen  itself  is  dibasic,  no  that 
1  atom  is  equivalent  to  2  atoms  of  chlorine." 

We  thus  see  that  the  theory  of  the  linking  of  atoms  and  groups 
by  means  of  polyad  radicles  was  already  present  to  Kekule's  mind. 
Moreover,  as  was  always  the  case  with  him,  the  thought  is  expressed 
with  such  precision  and  emphasis,  as  to  render  it  impossible  for  even 
the  least  attentive  reader  to  overlook  his  meaning.* 

After  this  apparently  unconditional  acceptance  of  Gerhardt's  atomic 
weights,  it  may  surprise  us  to  find  Kekule  returning  in  his  next 
published  work  to  the  use  of  Gmelin's  equivalents.  The  same  con- 
cession to  the  prevailing  usage  was,  however,  made  by  other  members 
of  the  Gerhardt-Williamson  school  whenever  they  were  merely  stating 
experimental  results,  or  explaining  theories  for  the  understanding  of 
which  the  new  atomic  weights  were  not  required.  Later  on,  in 
adopting  the  new  atomic  weights,  the  adherents  of  this  school 
used,  as  is  well  known,  crossed  symbols  for  the  artiads,  thus : 
G=  12,  0=16,  as  proposed  by  Williamson,  partly  in  order  to  indicate 

*  Kolbe's  well-known  hostile  criticisms  on  Kekule's  literary  style  deal  almost 
exclusively  with  verbal  points  ;  they  seldom  touch  the  meaning,  which  indeed 
Kolbe's  own  preconceptions  prevented  him  from  grasping.  This,  it  need  hardly  bo 
said,  is  written  in  no  spirit  of  detraction  of  Kolbe's  own  work  and  influence. 
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that  the  atom  was  in  these  cases  equal  to  twice  the  equivalent,  and 
partly  to  avoid  confusion  with  the  uncrossed  symbols  which  were  em- 
ployed by  the  opposed  school  to  denote  the  old  equivalents.  Kekule 
continued  to  use  these  crossed  symbols  until  1867.  How  liable  to 
misinterpretation  these  concessions  to  the  prejudices  of  opponents 
were,  and  how  little  gratitude  they  evoked,  may  be  seen  from  the 
accusations  which  Kolbe  (./.  jrr.  Chem.,  1881,  [ii],  24,  398)  brings 
against  Kekule:  firstly,  of  having  until  1857  held  the  view  that  the 
old  equivalents  were  identical  with  the  true  atomic  weights,  whereas 
we  have  seen  that  as  early  as  1854  Kekule  had  perfectly  clear  views 
to  the  contrary,  although  he  for  some  time  continued  to  use  the 
equivalent  formulte  for  purposes  of  exposition  ;  and  secondly,  of  after- 
wards, "until  1867,  attributing  the  atomic  weight  16,  not,  strictly 
speaking,  to  the  single  oxygen  atom,  but  to  the  double  oxygen  atom  G." 
Kolbe  goes  on  to  state  that  he  himself  adopted  the  new  atomic  weights 
in  1870,  and  draws  the  comforting  conclusion  that  Kekule  anticipated 
him  in  this  course  by  only  three  years  ! 

The  first  of  these  papers  in  which  Kekule  reverts  to  the  use  of  the 
old  equivalents  is  entitled  "  On  the  Constitution  of  Fulminic  Acid  " 
(Annalen,  1857,  101,  200),  and  was  followed  a  year  later  by  a  second 
paper  on  the  same  subject.  The  experimental  work  was  difficult  and 
dangerous.  The  conclusion  at  which  Kekule  arrived,  namely,  that 
fulminic  acid  is  nitroacetonitrile  is  no  longer  held  by  chemists ;  but 
the  work  is  of  great  interest.  Perhaps  the  most  important  point  in 
the  paper  is  a  tabular  arrangement  of  compounds  of  the  marsh  gas 
type  :  the  earliest  enunciation  of  the  tetra valency  of  carbon.  After 
ascribing  to  mercuric  fulminate  the  formula  C\{N0^{C2^^)Hg^,  Kekule 
adds  doc.  cit.,  p.  204)  : 

"  This  formula  shows  at  the  first  glance  that  mercuric  fulminate  exhibits  in 
its  composition  the  closest  analogy  with  a  large  number  of  known  compounds, 
to  which,  for  example,  chloroform,  Cg  H  CI  CI  CI,  belongs.  We  might  regard 
it  as  nitrated  chloroform  in  which  the  chlorine  is  replaced  partly  by  cyanogen 
and  partly  by  mercury. 

"  The  following  compounds  may  be  referred  to  the  same  type  : 


c. 

II 

II 

II 

H 

Marsh  gas. 

Ca 

II 

II 

II 

CI 

Methylic  chloride,  &c. 

<^2 

s 

CI 

CI 

CI 

Chloroform,  &c. 

C, 

(^^0,) 

CI 

CI 

CI 

Chloropicrin. 

C, 

{NO,)  {NO,) 

CI 

CI 

Marignac's  oil. 

c^ 

{NO,) 

Bi- 

IW 

Br 

Broraopicrin. 

Ct 

H 

ll 

II 

{C,N) 

Acetonitrile. 

c. 

CI 

CI 

m 

{C,N) 

Trichloracetonitrile. 

C, 

{NO,) 

Ho 

H<J 

{C,N) 

Mercuric  fulminate. 

Q 

{NO,) 

II 

II 

{C,N) 

Hypothetical  fulminic  acid, 
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"...  In  assigning  these  compounds  to  the  same  type,  I  do  not  use  the  word 
in  the  sense  which  it  bears  in  Gerhardt's  unitary  theory,  but  in  that  in  which 
it  was  first  employed  by  Dumas  on  tlie  occasion  of  his  fruitful  investigations 
on  the  subject  of  types.  I  wisli  essentially  to  indicate  the  relations  in  which 
the  said  compounds  stand  to  one  another  ;  that  the  one,  imder  the  influence  of 
appropriate  agents,  can  be  produced  from,  or  transformed  into,  the  other." 

I  have  quoted  this  passage  somewhat  fully  because  Kolbe  {J.  ipr. 
Chem.,  1881,  [ii],  23,  374,  footnote)  has  denied  that  Kekule  here 
refers  mercuric  fulminate  to  the  marsh  gas  tyj)e  and,  indeed,  that  the 
pissage  affords  any  justification  for  ascribing  to  Kekule  the  enuncia- 
tion of  the  marsh  gas  type  and  of  the  tetravalency  of  carbon.  He 
bases  this  denial  on  Kekule's  statement  that  he  uses  the  -word  "  type" 
in  Dumas'  sense  ("  mechanical  type ")  and  not  in  Gerhardt's  sense 
("chemical  type").  Why  this  statement  should  deprive  Kekule  of 
all  right  to  the  theory  which  he  so  clearly  expiesses  in  liis  formuljB, 
Kolbe  does  not  explain,  unless,  indeed,  the  explanation  is  to  be  found 
in  a  reference  which  he  makes  a  little  further  on  {J,oc.  cit.,  p.  375)  to 
Kekule's  paper  "  On  the  So-called  Conjugated  Compounds,"  and  in 
which,  speaking  of  Kekule's  direct  statement  that  carbon  can  be 
shown  to  be  "  tetrabasic  or  tetratomic,"  he  says :  "  He  nevertheless 
feels  so  uncertain  of  his  ground,  that  he  still  hesitates  to  add  the  type 
'  marsh  gas '  to  Gerhardt's  three  types." 

The  meaning  of  Kekule's  remark  about  types,  which  Kolbe  has,  it 
seems  to  me,  entirely  mistaken,  is  perfectly  clear  if  we  view  it  by  the 
light  of  the  various  statements  on  the  subject  of  types  to  be  found  in 
Kekule's  writings.  Kekule's  types  (compare  Annalen,  1857,  104,  132  ; 
Lehrbuch,  1,  116 — 117),  even  when  outwardly  identical  with  Gerhai'dt's 
*'  chemical  types,"  were  in  reality  "  mechanical  types  "  :  that  is,  they 
were  based  solely  on  the  valency  of  the  constituent  elements.  Thus, 
whereas  Gerhardt  classed  the  hydrogen  type,  HH,  and  the  hydro- 
chloric acid  type,  HCl,  as  distinct  chemical  types,  Kekule,  looking  upon 
them  as  mechanical  types,  regarded  the  latter  as  merely  a  special  case 
of  the  former.  Applying  this  to  the  matter  under  consideration,  it  is 
evident,  that,  if  Kekule  had  employed  Gerhardt's  types,  he  could  not 
have  tabulated  the  foregoing  compounds  in  the  way  he  did,  as  they 
would  not  have  belonged  to  the  same  type.  Thus,  if  he  had  followed 
Gerhardt,  marsh  gas  would  have  belonged  to  the  hydrogen  type, 
methylic  chloride  to  the  hydrochloric  acid  type,  and  so  on  ;  and  the 
parallelism  which  Kekule  wished  to  indicate  would  have  been  com- 
pletely hidden.  It  was,  therefore,  necessary  for  him  not  merely  to 
tabulate  the  compounds  on  the  marsh  gas  type,  but,  seeing  that  he  had 
used  the  word  "  type,"  to  obviate  any  possible  misunderstanding  by 
stating  that  he  did  not  mean  Gerhardt's  types.* 

*  Kolbe  also  argues  [loc.  cit.)  tliat,   in  the  passage  just  quoted,    Kekule  refers 
marsh  gas  to  the  chloroform  type,  not  chloroform  to  the  marsh  gas  type.      To 
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The  foregoing  demonstration  of  the  tetra valency  of  the  double  equiva- 
lent of  carbon,  C^  (which,  as  we  have  seen,  meant  for  Kekule  the  atom 
C  =  12),  is  obviously  incomplete,  as  it  holds  good  only  for  the  limited 
class  of  compounds  derivable  from  methane  by  the  replacement  of  the 
hydrogen  atoms  by  the  same  number  of  monad  radicles.  It  contains 
no  suggestion  of  the  law  of  mutual  linking  of  carbon  atoms  and  can  at 
most  be  regarded  as  the  germ  of  Kekule's  later  theory. 

In  the  same  year,  Kekule  published  an  important  theoretical  paper  : 
"  On  the  So-called  Conjugated  Compounds  and  the  Theory  of  Polyatomic 
Radicles"  (Annalen,  1857,  104,  129).  As  the  question  is  entirely  one 
of  valency  and  there  are  no  experimental  results  to  state,  he  uses 
Gerhardt's  atomic  weights,  although  in  three  experimental  papers 
published  the  following  year  he  again  reverts,  for  the  last  time,  how- 
ever, to  the  old  equivalents.  In  the  introduction  to  the  paper  he 
states  that  the  views  which  he  advocates  have,  in  gi-eat  part  at  least, 
no  claim  to  originality  :  they  are  an  extension  of  ideas  incidentally 
put  forward  by  Williamson  and  forming  what  might  be  termed  his 
"  theory  of  polyatomic  radicles " ;  ideas  which  had  already  been 
extended  by  Odling  in  his  paper  "  On  the  Constitution  of  Acids  and 
Salts,"  and  which  had  been  adopted,  although  not  in  a  strict  form,  by 
Gerhardt  in  the  fourth  volume  of  his  Traite.  Kekule  divides  the  ele- 
ments into  monobasic  or  monatomic,  dibasic  or  diatomic,  and  tribasic 
or  triatomic,  and  points  out  that  the  three  principal  types — hydrogen, 
water  and  ammonia — follow  from  this  classification.  In  a  footnote  he 
adds  {loc.  cit.,  p.  133)  :  "  Carbon  is,  as  may  easily  be  shown,  and  as  I 
shall  explain  in  detail  on  a  later  occasion,  tetrabasic  or  tetratomic  : 
that  is,  1  atom  of  carbon  C=  12  is  eqviivalent  to  4  atoms  of  H."  He 
shows  that,  as  regards  the  so-called  conjugated  compounds,  there  is  no 
need  to  refer  these  to  a  separate  class :  their  constitution  may  be  ex- 
pressed in  terms  of  the  valency  of  the  radicles,  simple  and  compound, 
which  they  contain.  We  have  already  seen,  however,  that  this  view 
of   the   nature  of  conjugated  compounds  had    been  clearly  stated  by 

ilisidove  tills  it  is  only  uecessary  to  point  out  thnt  in  tlie  table  of  compounds  which 
"  may  be  referred  to  the  same  type,"  the  formula  of  cliloroform  is  given  under  that 
of  marsh  gas.  Kolbe  apparently  understands  the  words  "referred  to  the  same 
type  "  to  mean  "  referred  to  the  same  type  as  chloroform,"  whereas  the  sense  is  : 
"  may  all  be  referred  to  one  and  the  same  type,"  namely  the  type  that  heads  the 
list.  This  is  clearly  shown  both  by  the  context  and  by  the  way  in  which  the 
words  "  same  type  "  are  again  used  after  the  table  of  compounds. 

Kolbc  put  himself  completely  out  of  court  in  any  discussion  involving  a  know- 
ledge of  Kekuld's  writings,  by  the  statement  that  he  did  not  consider  them  worthy 
of  serious  attention.  In  his  historical  study  :  !\fcinc  Bethcilirfunq  an  der  Entwickc- 
hinrj  der  theorctischcn  Chcmic  {J.  pr.  Chnn.,  1881,  [ii],  23,  377)  he  says  :  "  In  this 
connection  I  have  had  occasion  for  the  first  time  to  read  attentively  Kekule's 
Lrhrbitch,  especially  the  historical  and  theoretical  cliapters.  Until  then,  I  had 
only  glanced  hastily  through  it,  as  I  perceived  that  I  could  learn  nothing  useful 
from  it." 
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Franklaud  in  1852.  Kekul6,  starting,  as  he  premises,  with  the  theory 
of  multiple  types  and  mixed  types  containing  polyvalent  radicles,  as  ex- 
pounded by  Williamson  and  Odling,  develops  it  into  a  complete  system, 
laying  special  stress  on  the  fact  that  these  classes  of  types  are  possible  only 
when  such  polyvalent  radicles  are  present.  Thus,  of  compounds  con- 
taining the  divalent  radicle  SO^,  he  gives  : 

Type. 

«l0  "       lo  C,H,|o 

s}o      H  fO      II  r 

Sulphuric  acid.         Hydrogen  ethylic 
sulpliato. 

H  H  C,H, 

11.  {^.  SO,"  SO/.. 

H  J  ^  H       J  ^  H      J  ^ 

Sulj)liurous  acid.  Benzeuesulpliouic 

acid. 

H  C,H, 

III.  I  ^  SO," 

H  C,H, 

Diplicnylsuliiliniie. 

"  Compound  radicle  "  is  understood  in  Gerhardt's  sense  of  "  a  residue 
left  unattacked  in  any  particular  reaction,"  and  the  "  basicity"  (valency) 
of  these  radicles  is  deduced  from  the  number  of  atoms,  greatly  differing 
from  the  radicles  themselves  in  chemical  character,  with  which  they 
combine. 

This  introduction  of  the  radicles  into  the  types,  which  must  at  the 
time  have  appeared  to  place  the  type  theory  on  a  firm  basis,  was 
destined  to  render  that  theory  unnecessary. 

Another  point  worthy  of  note  is  the  way  in  which  Kekule  uses  the 
action  of  the  chlorides  of  phosphorus  to  distinguish  between  the  water 
type  and  the  hydrogen  type.  Developing  an  idea  to  be  found  in  his 
memoir  on  thiacetic  acid,  he  points  out,  that,  in  the  case  of  the  water  type, 
two  atoms  of  chlorine  replace  one  atom  of  typical  oxygen,  causing  the 
compound  to  break  up  into  two  atomic  groups,  whereas  the  hydrogen 
type  is  not  acted  upon  and  remains  intact.     Thus 

'    '\0  yields  25 


'2 

H 


}° 


H,  CI 
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wheieas 

SO/  )  ^  yields  S02",Cl 

H  /  ^  —HTCI 

In  the  foregoing  paper,  Kekule  accepts  the  radicles  (residues)  in  the 
form  in  which  he  received  them  from  his  predecessors  and  empirically 
deduces  their  valency  from  a  study  of  their  compounds.  In  his  great 
theoretical  paper,  published  the  following  year  [Annalen,  1858,  106, 
129),  "  On  the  Constitution  and  Metamorphoses  of  Chemical  Com- 
pounds, and  on  the  Chemical  Nature  of  Carbon  " — a  paper  which  is 
the  foundation  of  our  present  theories  of  organic  chemistry — he  goes 
to  the  root  of  the  matter.     He  says  : — 

"  I  regard  it  as  necessary  and,  in  the  present  state  of  chemical  knowledge,  as, 
in  many  cases,  possible,  to  explain  the  properties  of  chemical  compounds  by 
going  back  to  the  elements  themselves  which  compose  these  compounds.  I  no 
longer  regard  it  as  the  chief  problem  of  the  time,  to  prove  the  presence  of 
atomic  groups  whicli,  on  the  strength  of  certain  properties,  may  be  regarded  as 
radicles ;  and  in  this  way  to  refer  compounds  to  a  few  types,  which  can  hardly 
have  any  significance  beyond  that  of  mere  pattern  formulae.  On  the  contrary 
I  hold  that  we  must  extend  our  investigation  to  the  constitution  of  the  radicles 
themselves  ;  that  we  must  ascertain  the  relation  of  the  radicles  to  one  anotlier 
and,  from  the  nature  of  the  elements,  deduce  both  the  nature  of  the  radicles 
and  that  of  their  compounds." 

He  then  points  out  how  the  conception  of  the  valency  of  the 
different  elements  may  be  utilised  for  this  purpose.  In  this  connection 
he  further  develops  his  ideas  on  the  tetravalency  of  carbon,  and  gives 
the  list  of  compounds  :  CH^,  CCl^,  CH3CI,  CHCl.,,  C0C1.„  CO^,  CS2, 
CNH,  pointing  out  that  "the  sum  of  the  chemical  units  combined 
with  one  atom  of  carbon  is  4.  This  leads  to  the  view  that  carbon  is 
tetratomic  (or  tetrabasic)."  At  this  point  he  introduces  {loc.  cit., 
p.  153,  footnote)  a  passing  reference  to  the  advantage  of  referring  com- 
pounds to  the  marsh  gas  type  :  "  If  carbon  is  introduced  as  a  tetratomic 
radicle  among  the  types,  several  already  known  compounds  may  be 
formulated  in  a  relatively  simple  manner." 

He  next  proceeds  to  discuss  the  question  of  the  linking  of  carbon 
atoms  with  one  another  : 

"  In  the  case  of  substances  which  contain  several  atoms  of  carbon,  one  must 
assume  that  some  at  least  of  the  atoms  are  held  in  the  compound  in  the  same 
way  [as  in  the  cases  already  quoted]  by  the  affinity  of  the  carbon,  and  that  the 
carbon  atoms  themselves  are  attached  together,  whereby  a  portion  of  the 
alfinity  of  the  one  carbon  atom  is  of  course  held  in  combination  by  an  equal 
portion  of  the  affinity  of  the  other. 

"The  simplest  and  therefore  most  probable  case  of  this  union  of  two  carbon 
atoms  is  that  in  which  one  unit  of  affinity  of  the  one  carbon  atom  is  combined 
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with  one  unit  of  affinity  of  the  other.  Of  the  2x4  units  of  affinity  of  the  two 
carbon  atoni.s,  two  are  used  up  iu  hokling  the  two  atoms  together  ;  there  there- 
fore remain  six  which  may  be  hehl  in  combination  l)y  atoms  of  other  clenrents. 

In  other  words  the  group  C.^  is  hexatomic 

"  If  more  than  two  carbon  atoms  unite  in  the  same  way,  the  basicity  of  the 
carbon  group  will  be  increased  by  two  units  for  eacli  fresh  carbon  atom. 
Thus  the  number  of  hydrogen  atoms  (chemical  units)  which  may  be  combined 
with  n  carbon  atoms  is  expressed  by 

«('i-2)+2  =  2M-f2. 

" .  ...  Up  to  this  point  we  have  assumed  that  all  the  atoms  attaching 
themselves  to  carbon  are  held  by  the  affinity  of  the  carbon.  It  is  equally 
conceivable,  however,  that  in  the  case  of  polyatomic  elements  (0,  N  &c.)  only 
a  part  of  the  affinity  of  these — for  example,  only  one  of  the  two  units  of  affinity 
of  the  oxygen,  or  only  one  of  the  three  units  of  tlie  nitrogen — is  attaclied  to 
carbon  ;  so  that  one  of  the  two  units  of  affinity  of  the  oxygen,  and  two  of  the 
three  units  of  affinity  of  the  nitrogen,  remain  over  and  may  be  united  with 
other  elements.  These  other  elements  are  therefore  only  in  indirect  union 
with  the  carbon,  a  fact  which  is  indicated  by  the  typical  mode  of  writing  the 
formulae  : 


> 


H  I  ^  H  V  N  CHj  /  ^  C,H.  V  N. 

H  J  "  C2H5  j 

"  In  like  manner  the  carbon  groujjs  are  held  together  by  the  oxygen  or  the 
nitrogen."* 

He  points  out  that  a  great  many  organic  compounds  may  be  formu- 
lated on  the  basis  of  the  "  simplest  "  attachment  of  carbon  to  carbon, 
but  that,  in  others  which  contain  more  carbon  in  proportion  the  "  next 
simplest "  attachment  may  be  assumed,  involving  a  closer  union  of 
the  carbon  atoms.  He  does  not,  however,  go  into  details  regarding  the 
principles  to  be  adopted  in  formulating  such  unsaturated  compounds. 

It  is  to  be  noted  that  at  that  time  Kekule  still  held  Gerhardt's  view 
that  rational  formulaj  were  merely  an  expression  of  chemical  reactions. 
The  idea  that  it  was  possible  to  express  the  relative  positions  of  the 
atoms  within  the  molecule  was  of  later  growth. 

Kekule  had  by  his  interpretation  of  the  types  in  terms  of  the  law  of 
valency,  and  by  his  dissection  of  the  compound  radicles  in  accordance 
with  the  same  law,  superseded  both  the  type  theory  and  the  radicle 

*  As  a  further  example  of  how  little  Kolbe  thought  it  necessary  to  master  the 
details  of  theories  he  set  himself  to  criticise,  the  following  passage  may  be  quoted, 
in  which,  after  making  merry  over  the  expression  "  carbon  skeleton,"  used  by 
Kekule  in  the  foregoing  paper,  he  says  (J.  pr.  Chem.,  1881,  [ii],  24,  407)  :  "If  J 
am  not  mistaken,  it  is  assumed  that  all  organic  compounds  which  contain  more 
than  one  atom  of  carbon  possess  such  carbon  skeletons.  Where,  then  are  we  to 
place  the  cacodyl  compoirnds,  trimethylamine,  tiimethylsulphine  iodide  and  other 
organic  substances  ?" 
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theory,  except  so  far  as  they  might  be  useful  for  purposes  of  exposi- 
tion. Nevertheless,  partly  as  a  concession  to  the  prevailing  usage  of 
his  school,  and  partly,  doubtless,  from  force  of  habit,  he  continued  for 
a  long  time  to  write  typical  formula;.  This  led  to  a  somewhat  mechanical 
mode  of  formulation,  occasionally  attended  with  misleading  results. 
Thus,  in  the  paper  just  quoted  (pp.  145^146),  we  find  benzene  for- 
mulated on  the  hydrogen  type  and  benzoic  acid  on  the  water  type. 


which  leads  him  to  state  that,  in  the  sulphonation  of  benzene,  it  is 
the  typical  hydrogen,  but,  in  that  of  benzoic  acid,  hydrogen  of 
the  radicle,  which  is  replaced,  and  to  assign  these  reactions  to  two 
distinct    categories.       Again    the    hydroxy-acids    are    formulated    on 

P  TT  O"  ) 
the  double  water  type ;  thus  lactic  acid  is    ^     jr    f  Oo '  ^  mode  of 

representing  these  substances  which  obliterates  the  distinction  be- 
tween the  acidic  and  the  alcoholic  hydrogen  atoms,  and  was  responsible 
for  the  errors  into  which  Wurtz  fell  in  the  earlier  part  of  his  well- 
known  controversy  with  Kolbe.  Kekule  himself  is  perfectly  clear 
about  the  difference  between  these  two  typical  hydrogen  atoms  and 
explains   its  cause  with  all   possible    precision    (Lehrbuch,    1,    731); 

nevertheless  he  quotes  the  formula  '^  '^^  H  I  ^  ^^^'  ^'"^^^^^  ^^^^  {&r&t 
put  forward  in  the  old  equivalents  by  Kolbe)  only  to  reject  it  with  the 
remark  {loc.  ciL,  p.  736)  :  "  Such  formulae  offer  no  advantages  over 
the  typical  formulae  ;  on  the  contrary  they  conceal  a  great  number  of 
analogies  and,  in  other  cases,  cause  analogies  to  be  suspected  where 
none  exist."  I  venture  to  think  that  I  have  just  shown  that  the 
typical  formulae  are  not  quite  free  from  these  defects.  As  regards  the 
particular  case  of  the  formula  of  lactic  acid,  there  is  no  doubt  that  the 
reluctance  which  Kekul6  and  his  school  at  that  time  displayed  to  make 
use  of  the  hydroxyl  group  in  formulating  comiiouuds  was  an  effect  of 
Laurent's  supposed  burlesque  proof  of  the  existence  of  the  radicle 
eurhyzene,  that  is,  hydroxyl  (see  Laurent's  Chemical  Method,  Odling's 
translation,  p.  293).  I  say  "  supposed  burlesque,"  because,  at  the 
present  day,  there  is  probably  no  chemist  who  has  occasion  to  refer  to 
"  the  hydroxyl-group  " — which,  in  chemical  compounds,  is  an  abstrac- 
tion and,  in  certain  electrolytic  dissociations,  an  entity — but  would 
willingly  subscribe,  in  all  seriousness,  the  words  which  Laurent  wrote 
in  jest.* 

*  When,  however,  Kekul^  (Lehrbuch,  t,  736,  footnote)  quotes  Laurent's  eurhyzene 
as  a  proof  that  Kolbe's  view  of  the  constitution  of  the  acids  of  the  lactic  series  as 
hydroxy-derivatives  of  the  acids  of  the  acetic  series,  is  not  original,  one  can  only 
surmise  that  he  was  infected  by  Laurent's  spirit  of  elaborate  pleasantry. 


JAPP:   KEKULE   MEMORIAL   LECTURE.  129 

This  adherence  to  the  outward  form  of  the  typical  formulfc  was, 
liowever,  a  minor  defect,  especially  as  Kekule  showed  in  his  Lehrhuch 
how,  by  means  of  his  graphic  formulte,  the  relations  of  the  different 
atoms  to  one  another  within  the  molecule  might  be  clearly  exhibited. 
The  graphic  symbols  were,  however,  as  Kekule  himself  pointed  out, 
too  cumbrous  for  ordinary  use  ;  they  shared  the  fate  of  Dalton's 
atomic  symbols  and  had  to  yield  to  the  superior  simplicity  of  those 
of  Berzelius,  which,  with  a  few  additions  in  the  shape  of  bonds  and 
valency  marks,  were  found  to  satisfy  all  requirements.  Even  the 
circles  with  which  Crum  Brown,  in  his  system  of  graphic  formulae,  at 
first  surrounded  the  symbols,  were  soon  discarded. 

Kekule's  models  of  atoms,  on  the  other  hand,  to  which  reference  will 
be  made  later,  had  a  brilliant  future  before  them. 

It  must  be  mentioned  that,  shortly  after  the  publication  of  Kekule's 
paper  on  the  constitution  of  chemical  compounds,  analogous  views  were 
put  forward  independently  by  Couper  [Ann.  Chirn.  Phys.,  1858,  [iii],  53, 
469  ;  Phil.  Mag.,  1858,  [iv],  16,  104).  The  two  investigators  followed 
different  paths,  and  their  results  were  in  some  respects  different.  Kekule 
accepted  the  type  theory  and  furnished  it  with  a  philosophical  basis  by 
explaining  the  existence  of  the  pattern  formulse,  or  types — simple, 
multiple,  and  mixed — by  means  of  the  valency  of  the  constituent 
elements ;  Couper,  on  the  other  hand,  rejected  the  type  theory  alto- 
gether, and,  starting  with  the  idea  of  the  valency  of  the  elements, 
proceeded  to  construct  constitutional  formulse  for  various  compounds. 
Couper  held  peculiar  views  on  the  subject  of  the  atomic  weights  :  thus, 
whilst  carbon  was  C  =  12,  oxygen  was  only  0  =  8.  Carbon  was  tetradic  ; 
and  the  small  oxygen  atoms  were  dyadic,  but  were  supposed  always  to 
occur  linked  together  in  pairs,  so  that  the  resulting  group,  0  •••  O,  as 
Couper  wrote  it,  was  also  dyadic,  and  was  therefore,  to  all  intents  and 
purposes,  identical  with  the  dyadic  0  =  16.  The  following  formulse  will 
illustrate  his  system  : 


<?{h: 


oil 


0  -  OH 


0...0H      ^|0...0    )  ,,...H, 


H,  V\H,    HJ 


^JHg  C-H3  (J-Hg          H3-C  C-Hg 

Methylic                  Ethylic                 Ethylio  el-lier.  Propylic 

alcohol.                  alcohol.  alcohol. 

0...0H  c(^-^^        9iH,  V|0., 


^2  ■^^"  Cl?^   ...       6^^^ 


2 

Formic  Acetic  Glycol.  Oxalic  acid 


H  C...H3  ^10. ..OH        ^|0-..0H 


acid.  acid. 

VOL.   LXXIII. 
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Coupei's  formnlpe  are  thus,  in  spite  of  the  peculiarity  in  the  mode  of 
writing  oxygen,  nearer  to  our  present  formulse  than  tliose  used  by 
Kekule  at  that  period,  and  from  the  manner  in  which  he  discusses 
them  it  is  evident  that  he  intends  them  to  be  constitutional  formulae 
and  not  mere  "  formula3  of  double  decomposition "  such  as  wei'e 
employed  by  Gerhardt's  school.  The  constitution  assigned  to  the 
foregoing  compounds  is,  however,  identical  with  that  previously  pro- 
posed by  Kolbe,  with  a  difference,  however,  in  the  mode  of  writing 
the  formulae. 

Kolbe  {J.  pr.  Chem.,  1881,  [ii],  23,  366^  and  Frankland  {Proc.  Roy. 
Soc,  1865,  14,  198)  claim  to  have  anticipated  Kekule's  enunciation  of 
the  tetravalency  of  carbon  in  a  paper  which  they  *  published  in  1857 
(Annalen,  1857,  101,  262  seq.).  This  claim,  however,  cannot  be 
sustained,  unless  we  ignore  the  list  of  compounds  formulated  on  the 
marsh  gas  type,  which  Kekul6  drew  up  in  his  paper  on  mercuric 
fulminate  published  a  short  time  previously.  Kolbe,  indeed,  gave 
what  he  considered  to  be  reasons  for  iguoring  this  list ;  but  I  believe 
I  have  shown  (p.  123)  that  these  supposed  reasons  are  based  on  a 
misunderstanding  of  Kekule's  meaning.  Kolbe  and  Frankland's 
paper  appeared  so  soon  after  Kekule's  that  there  can  be  no  doubt  of 
their  having  arrived  at  their  conclusions  quite  independently  of 
Kekule,  the  more  so  as  these  conclusions  are  di-awn  entirely  from 
their  own  work.  Moreover,  as  the  whole  paper  deals  with  the  ap- 
plication of  the  law  of  valency,  discovered  by  Frankland,  to  the 
interpretation  of  the  constitution  of  organic  compounds,  it  is  clear  that 
the  authors  had  the  tetravalency  of  carbon,  or  rather  the  tetravalency 
of  the  double  equivalent,  Cg?  in  their  minds,  although  they  did  not 
mention  it  in  so  many  words.  Frankland  had  already  shown  (v.  sup'a) 
how  cacodylic  acid  might  be  derived  from  arj^enic  acid,  or,  strictly 
speaking,  how  the  hypothetical  cacodylic  anhydride  might  be  derived 
from  arsenic  anhydride,  by  i-eplacing  two  equivalents  of  oxygen  by 
two  of  methyl.  Kolbe  and  Frankland  now  apply  this  view  to  the 
hydrated  acids  :  thus  from 

ZH0,A80^  2I/0,S.^0q  2110,0^0^ 

Arsenic  acid.  Sulphuric  acid.  Carbonic  acid. 

they  deduce 

H0,{C^H^\A80^  HO,{C^H^)S^O.^  HO,{C,H^)C^O^ 

Dimethylarsenic  Metliylsulphuric  Methylcarbonic 

(cacodylic)  acid.  (uietliylsulphouic)  acid.  (acetic)  acid. 

*  Through  inadvertence  this  paper  appeared  under  Kolbe's  name  only  (compare 
Frankland's  Experimental  Researches,  p.  148).  Except  in  tlie  opening  sentences,  in 
which  Kolbe  is  referring  to  previous  work  of  his  own,  the  pronoun  "we"  is  used 
throughout  as  denoting  the  joint  authors. 
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They  point  out  that,  for  each  atom  (equivalent)  of  oxygen  which  is 
replaced  by  methyl,  one  equivalent  of  water  HO  is  simultaneously 
removed,  so  that  for  each  introduction  of  a  methyl  group  the  basicity 
of  the  acid  is  reduced  by  1.  By  replacing  a  further  atom  (equivalent) 
of  oxygen  in  acetic  acid  by  hydrogen  or  by  methyl  and  again  simul- 
taneously removing  HO,  they  obtain 

^2-^3  \n  O  and  ^2^3  \n  O 

jj  j^o^tyg  ana  C^H^]^^  ^- 

Aldehyde  Acetone 

which  are  no  longer  acids  at  all.  Further  on,  in  the  same  paper,  they 
point  out  that  carbonic  acid  may  be  formulated  2HO,{C.j0.^0.2,  and 
that  it  is  the  two  "  extra-radical "  oxygen  atoms  which  are  replaced  by 
methyl,  each  carrying  with  it  an  equivalent  of  water. 

If  we  translate  this  into  modern  atomic  weights,  each  "extra- 
radical  "  equivalent  of  oxygen,  plus  an  equivalent  of  water,  represents 
a  hydroxyl  group:  0  +  H0{0  =  S)  =  OIL{0  =  \^) )  so  that  the  above 
formula  for  carbonic  acid  is  identical  with  CO(OEI).,.  It  is  thus 
hydroxyl  of  the  hypothetical  carbonic  acid,  and  not,  as  the  authors 
suppose,  oxygen  of  carbonic  anhydride,  which  is  replaced  by  methyl 
or  hydrogen  in  the  foregoing  mode  of  deducing  acetic  acid,  aldehyde, 
and  acetone  from  carbonic  acid. 

The  tetravalency  of  the  double  equivalent  of  carbon,  C^^,  is  certainly 
implied  in  Kolbe  and  Frankland's  paper  ;  but,  as  already  mentioned, 
it  is  nowhere  expressly  stated,  and  one  may  be  permitted  to  doubt 
whether  many  chemists  could  at  that  period  have  disentangled  the 
doctrine  from  the  very  complicated  hypothesis  in  which  the  use  of  the 
old  equivalents  had  compelled  the  authors  to  involve  it.  Those  who 
profited  most  by  the  work  were  those  who  could  translate  it  into 
Gerhardt's  atomic  weights,  and  probably  Kekule  and  his  school  were 
more  indebted  to  it  than  they  wei'e  at  that  time  conscious  of.  It  is 
clear,  however,  that  the  paper  contains  no  hint  of  the  linking  of 
carbon  atoms,  as  this  conception  could  not  be  developed  in  terms  of 
Gmelin's  equivalents.  Indeed,  so  far  as  Kolbe  was  concerned,  even 
after  he  had  accepted  the  new  atomic  weights,  he  continued,  to  the 
end  of  his  life,  to  cast  ridicule  on  this  conception  (compare  J,  irr.  Chem., 
1881,  [ii],  24,  414). 

That  Kolbe  and  Frankland's  work  on  the  tetravalency  of  carbon 
did  not,  therefore,  exercise  a  direct  and  immediate  influence  in  any 
degree  comparable  with  that  produced  by  Kekule's  great  paper  on  the 
same  subject,  is  to  be  ascribed  to  the  fact  that  their  conclusions  were 
stated  in  terms  of  an  inconsistent  scheme  of  atomic  weights.  We 
must  not  forget,  however,  that  the  same  principle,  namely,  that  of  the 

K    2 
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derivation  of  organic  acids,  aldehydes  and  ketones  from  carbonic 
acid,  led  Kolbe,  later  on,  to  the  prognosis  of  secondary  and  tertiary 
alcohols,  of  which  triumph  of  theoretical  foresight  the  germ  is  con- 
tained in  the  concluding  paragraph  of  Kolbe  and  Frankland's  paper 
(compare  Annalen,  1857,  101,  265). 

I  have  already  referred  to  Kekule's  models  of  atoms.  The  concep- 
tion which  he  inti'oduced  in  these,  as  to  the  distribution  of  the 
four  affinities  of  the  carbon  atom,  has  led  to  most  important  results. 
He  begins  by  referring  {Zeitschr.f.  Chem.,  1867,  N.F.,  3,  217)  to  the  im- 
perfections of  his  original  system  of  graphic  formulae  and  of  the 
models  based  upon  them,  and  further  points  out  that  models  con- 
structed on  the  basis  of  Crum  Brown's  graphic  formulae  and  consisting 
of  spheres  with  rods  radiating  from  them  in  one  plane,  do  not  really 
express  more  than  the  graphic  formulae  themselves,  inasmuch  as  the 
representation  which  they  afford  of  a  space  formula  is  only  apparent, 
the  atoms  being  all  in  the  same  plane ;  and  that,  unless  the  rods  are 
bent  or  arbitrarily  displaced,  certain  combinations,  e.g.  triple  bonds 
between  carbon  atoms,  cannot  be  represented  by  them  at  all.  He 
then  proceeds  to  describe  a  model  of  the  carbon  atom  which  he  has 
devised  and  which  avoids  these  difficulties:  "The  four  vmits  of  affinity 
ot  the  carbon  atom,  instead  of  being  placed  in  one  plane,  radiate  from 
the  sphere  representing  the  atom  in  the  direction  of  hexahedral  axes, 
so  that  they  end  in  the  faces  of  a  tetrahedron.  ...  A  model  of  this 
description  permits  of  the  union  of  1,  2  and  3  units  of  affinity,  and,  it 
seems  to  me,  does  all  that  a  model  can  do." 

Even  while  making  this  apparently  sweeping  statement,  Kekule  can 
hardly  have  realised  the  part  that  this  model  was  destined  to  play  in 
the  development  of  theoretical  chemistry  ;  how  in  van't  Hoff's  hands 
it  was  to  be  the  means  of  tracing  the  subtle  asymmetry  which 
Pasteur  had  deduced  from  the  optical  behaviour  and  the  crystalline 
form  of  certain  organic  compounds,  back  to  the  asymmetric  structure 
of  the  molecule  itself;  of  explaining  the  mysterious  isomerism  of 
f  umaric  and  maleic  acid,  which  had  baffled  Kekul6's  own  acumen  ;  and 
of  layinf  down  the  space  conditions  of  existence  or  non-existence  of 
the  closed-chain  compounds  of  which  Kekule  himself  had  introduced 
the  conception  into  chemistry  in  his  benzene  theory. 

I  have  already  referred  to  Kekule's  benzene  theory  as  the  crowning 
achievement  of  the  doctrine  of  the  linking  of  atoms.  To  give  a  com- 
plete account  of  this  theory  and  of  the  criticisms  to  which  it  has  been 
subjected,  would  far  exceed  the  scope  of  the  present  lecture  ;  whilst 
to  treat  it  briefly  may  seem  superfluous,  as  the  theory,  in  its  main 
outlines,  is  familiar  to  every  one  with  even  the  most  elementary  know- 
ledge of  organic  chemistry. 
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This  theory  was  tirst  published  in  1865  in  the  Bulletin  de  la  Soc. 
Chimique  (1,  98).  I  quote,  liowever,  from  the  fuller  account  published 
a  year  later  in  Liebig's  Annalen  (1866,  137,  129). 

In  this  paper,  "  On  the  Constitution  of  the  Aromatic  Compounds," 
Kekule  begins  by  stating  that  none  of  the  chemists  who  have  dealt 
with  the  subject  of  benzene  and  its  derivatives,  have  attempted  to 
deduce  the  constitution  of  these  compounds  from  the  tetravalency  of 
carbon  and  that  some  have  gone  so  far  as  to  state  that  this  cannot  be 
done.  He  then  enumerates  various  distinguishing  characteristics  of 
the  benzene  compounds  :  amongst  others,  that  there  is  no  benzene 
compound  containing  fewer  than  six  carbon  atoms.  After  pointing 
out  that  six  carbon  atoms  might  be  linked  together  by  alternate  &i  igle 
and  double  bonds,  he  says  : 

"  If  one  assumes  that  six  carbon  atoms  are  attached  to  one  another  according 
to  this  law  of  symmetry,  one  obtains  a  group  which,  regarded  as  an  open  chain, 
contains  eight  unsaturated  units  of  affinity.  By  making  the  further  assump- 
tion that  the  two  carbon  atoms  at  the  ends  of  the  chain  are  linked  together 
by  one  unit  of  affinity  each,  a  closed  chain  (a  symmetrical  ring)  is  obtained, 
which  still  contains  six  unsaturated  iinits  of  affinity.* 

"  From  this  closed  chain  all  the  substances  usually  designated  as  '  aromatic 
compounds  '  are  derived.  .  .  . 

"  In  all  aromatic  substances  a  common  nucleus  may  be  assumed  :  it  is  the 
closed  chain  C^Ag  (in  which  A  denotes  an  unsaturated  affinity). 

"  The  six  affinities  of  this  nucleus  may  be  satisfied  by  six  monatomic 
elements.  They  may  also,  wholly  or  at  least  in  part,  be  satisfied  by  one 
affinity  of  polyatomic  elements,  the  latter  necessarily  bringing  with  them 
other  atoms  into  the  compound,  thus  producing  one  or  more  side  chains,  which 
in  their  turn  may  be  lengthened  by  the  addition  of  other  atoms. 

"  The  satisfying  of  two  affinities  of  the  nucleus  by  one  atom  of  a  diatomic 
element,  or  of  three  affinities  by  one  atom  of  atriatomic  element,  is,  according 
to  the  theory,  impossible.  Compounds  of  the  molecular  formulae,  CqH^O, 
CgH^S,  CyHgN,  are,  therefore,  unthinkable." 

Here  we  meet  for  the  first  time  (if  we  except  Kekule' s  preliminary 
note  on  the  same  subject)  with  the  now  familiar  expressions  "  closed 
chain,"  "  nucleus,"  and  "  side  chain,"  without  which  it  would,  at  the 
present  day,  be  impossible  to  discuss  the  problem  of  the  constitution  of 
the  benzene  compounds.  The  last  paragraph  quoted  is  worthy  of  note  : 
it  contains  a  very  positive  statement  on  a  point  which  does  not  appear 
to  follow  with  absolute  necessity  from  the  formulte  which  Kekule  uses. 
It  involves  conceptions  regarding  the  actual  distribution  of  the  atoms 
in  space ;  and  the  conclusion  at  which  Kekule  arrives  suggests  that  he 
was  already  using  the  space-models  of  atoms  which  he  described  two 
years  later. 

*  In  the  original  paper  these  atomic  groups  are  represented  by  means  of  Kekule's 
graphic  formula;. 
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He  points  out  that  the  foregoing  constitution  of  the  benzene 
nucleus  involves  the  equivalence  of  the  six  unsatisfied  affinities  and 
proceeds  to  deduce  the  number  of  possible  substitution  derivatives  of 
benzene,  containing  1,  2,  3,  <kc.,  identical  substituents,  the  isomei'ism 
depending  on  the  relative  positions  of  the  substituents  towards  one 
another.  Amongst  other  things  he  points  out  that  whereas  there  are 
only  three  substitution  derivatives  possible  of  the  general  formula 
CgHgXg,  there  are  six  of  the  formula  CgHgXoY.  In  stating  this 
conclusion  he  makes  use  of  a  hexagon  lettered  as  follows 

d 
e/\c 

a 

and  says  :  '*  For  dibromnitrobenzene,  for  example,  there  would  be  the 
following  forms  : 

"  (1)  For  abc  :  CeH3BrBr(N0,,) 
CeH3Br(N0,)Br 

(2)  For  abcl:  C6H,(N0.,)HBr., 

-       C6H",BrH(N02)Br 
CgH2BrHBr(N02) 

(3)  For  ace  :  06H.BrHBr(N02)." 

It  was  this  series  of  compounds  that  Korner  used  Isiter  (Gazzetta, 
1874,4, 305)  inhis  well-known  method  for  the  orientation  of  the  bromine 
atoms  in  the  dibromobenzenes. 

The  homologues  of  benzene  are  discussed,  "The  homology  may 
depend  either  upon  an  increase  in  the  number  of  the  side  chains,  or 
on  the  lengthening  of  side  chains  the  number  of  which  remains  the 
same."  Thus  there  ought  to  be  three  dimethylbenzenes  (only  one 
was  at  that  time  known)  and,  isomeric  with  these,  the  synthetical 
ethylbenzene  of  Fittig  and  Tollens. 

The  law  of  oxidation  of  the  homologues  of  benzene  is  laid  down  : 
namely,  that  each  hydrocarbon  side  chain,  no  matter  how  many  carbon 
atoms  it  may  contain,  is  oxidised  away,  with  the  exception  of  the 
carbon  atom  attached  to  the  nucleus,  wliich  remains  in  the  shape  of  a 
carboxyl-group.  The  resulting  acids  thus  contain  as  many  carboxyl- 
groups  as  there  were  hydrocarbon  side  chains  in  the  original  compound. 
By  more  moderate  oxidation  intermediate  products  are  obtained  :  thus, 
xylene  and  cymene  both  yield  toluic  acid.  Moreover,  the  possibility 
is  foreseen,  in  the  case  of  side  chains  containing  more  than  one  carbon 
atom,  of  oxidising  only  a  portion  of  the  chain,  and  thus  obtaining 
an  acid  in  which  the  carboxyl  is  not  directly  attached  to  the  nucleus. 

The  question  of  substitution  in  the  nucleus  and  substitution  in  the 
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side  chain  is  also  goue  into,  and  the  difl'erencc  in  the  character  of  the 
resulting  derivatives  is  pointed  out. 

At  the  end  of  the  theoretical  portion  of  the  memoir,  Kekulc  says, 
referring  to  different  possible  formulae  for  benzene  : 

"A  problem  of  this  kind  might  at  first  sight  appear  quite  insoluble  ;  but 
I  nevertheless  believe  that  experiment  will  furnisb  a  solution.  It  is  only 
necessary  to  prepare,  by  methods  as  varied  as  can  be  devised,  as  great  a 
number  of  substitution  products  of  benzene  as  possible  ;  to  compare  them  very 
carefully  with  regard  to  isomerism  ;  to  count  the  observed  modifications  ;  and 
especially,  to  endeavour  to  trace  the  cause  of  their  difl'erence  to  their  mode  of 
formation.  When  all  this  is  done  we  shall  be  in  a  position  to  solve  the 
problem." 

Could  the  course  of  subsequent  investigation  in  this  field  have  been 
more  accurately  laid  down  in  advance  1 

Kekule's  memoir  on  the  benzene  theory  is  the  most  brilliant  piece 
of  scientific  prediction  to  be  found  in  the  whole  range  of  organic 
chemistry.  What  Kekule  wrote  in  1865  has  since  been  verified  in 
every  essential  particular.  Not  only  have  the  various  substitution 
derivatives  been  discovered,  in  the  number  and  with  the  properties 
required  by  the  theory,  but  various  observations  which  appeared  to 
contradict  this  theory  have  been  proved  erroneous.  Moreover,  the 
theory  has  shown  itself  capable  of  boundless  development.  There 
seems  to  be  no  limit  to  the  fruitfulness  of  Kekule's  conception  of 
closed  chains  or  cycloids.  The  extensions  of  the  idea,  of  which  exten- 
sions Erlenmeyer's  naphthalene  formula  and  Dewar's  formulas  for 
pyridine  and  quinoline  were  amongst  the  earliest  instances,  have  gone 
on  increasing  in  a  rapid  geometrical  ratio,  until,  at  the  present  day, 
the  literature  dealing  with  cycloids,  although  of  so  recent  growth,  is 
more  than  twice  as  voluminous  as  that  of  the  parafiinoids.  To  quote 
the  woi-ds  of  the  address  which  our  Society  presented  to  Kekule  on 
the  occasion  of  the  Benzolfeier  :  "  This  theory  found  the  chemistry  of 
even  the  immediate  derivatives  of  benzene  an  almost  untilled  field  ;  it 
has  transformed  it  into  a  fertile  province,  to  which  have  been  annexed 
regions  the  very  existence  of  which  was  unknown." 

But  even  in  the  undeveloped  state  of  the  subject  prior  to  Kekule's 
theoi-y,  the  facts  were  apparently  so  intricate  and  so  unconnected 
that  few  chemists  could  claim  to  have  mastered  them.  The  theory 
appeared  ;  the  previously  unmarshalled  facts  fell  into  their  proper 
places  ;  and  not  only  this,  but  it  was  possible  to  say  whether,  in  any 
given  section  of  the  subject,  the  facts  were  complete  or  only  frag- 
mentary. The  inci-eased  ease  in  dealing  with  this  branch  of  chemistry, 
the  fascination  of  the  numerous  scientific  problems  which  Kekule's 
theory  suggested,  and  lastly  the  economic  importance  of  many  of  the 
benzene  compounds  and  of  other  allied  cycloids,  attracted  to  this  field 
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a  crowd  of  workers,  whose  numbers,  if  they  have  not  of  late  years 
actually  increased,  at  least  show  no  signs  of  diminishing.  The  debt 
which  both  chemical  science  and  chemical  industry  owe  to  Kekule's 
benzene  theory  is  incalculable.  As  regards  the  former,  three-fourths 
of  modern  organic  chemistry  is,  directly  or  indirectly,  the  pi^oduct  of 
this  theory  ;  and  as  to  the  latter,  the  industries  of  the  coal-tar  colours 
iind  the  artificial  therapeutic  agents,  in  their  present  form  and  exten- 
sion, would  be  inconceivable  without  the  inspiration  and  guidance 
which  they  have  received  and  still  receive  from  Kekule's  fertile  idea. 

Various  points  in  Kekule's  theory  which  were  at  first  either  funda- 
mental assumptions,  or  deductions  from  these  fundamental  assump- 
tions, have  since  been  experimentally  proved  :  thus  the  equivalence 
of  the  six  hydrogen  atoms  in  benzene  by  Ladenburg,  and  the  fact 
that  there  is,  relatively  to  every  hydrogen  atom,  a  symmetrically 
situated  ortho-pair  and  a  symmetrically  situated  meta-pair,  by  Hubner 
and  Petermann,  Wroblewsky,  and  others. 

The  ox'ientation  of  the  substituents  in  the  derivatives  of  benzene, 
merely  indicated  by  Kekule,  has  been  successfully  carried  out  by  von 
Baeyer,  Graebe,  Ladenburg,  Griess,  and,  above  all,  Korner.  The  con- 
cordant results  obtained  by  the  most  diverse  methods  have  placed 
this  part  of  the  subject  on  a  sure  foundation. 

The  non-identity  of  the  two  ortho-positions  1  :  2  and  1  :  6  in  Kekule's 
formula  containing  alternate  double  and  single  bonds,  which  is  in 
contradiction  to  the  proved  identity  of  the  two  ortho-products  and 
which  would  necessitate  the  existence  of  four  isomeric  disubstitution 
derivatives  instead  of  three,  has  called  forth  much  criticism.  Kekule 
sought  to  meet  the  difficulty  by  means  of  his  well-known  oscillation 
formula,  in  which  the  double  and  single  bonds  continually  exchange 
places.  This  is  virtually  a  return  to  the  simple  hexagon,  given  as  an 
alternative  formula  by  Kekule  in  his  original  paper  :  the  distribution 
of  the  unsaturated  affinities  is  ignored. 

Of  the  various  formula3  which  have  been  proposed  in  place  of 
Kekule's,  I  will  mention  Ladenburg's  prism  formula,  Claus's  diagonal 
formula,  and  Armstrong  and  von  Baeyer's  centrical  formula.  All  of 
these  agree  with  Kekule's  formula  in  connecting  together  six  CH-groups 
by  single  bonds  so  as  to  form  a  closed  chain  ;  Lhe  disposal  of  the  re- 
maining six  aflinities  is  the  point  wherein  they  differ.  Ladenburg's 
formula  is  seldom  discussed  at  the  present  day.  It  represents  the 
ortho-carbon  atoms  as  not  directly  connected,  thus  ignoring  the 
analogy  between  the  ortho-position  in  benzene  compounds  and  the 
a-position  in  paraffinoid  compounds,  and  rendering  the  formulation  of 
compounds  like  naphthalene  and  phenanthrene  impossible,  at  least  in 
accordance  with  the  prevailing  views.  Moreover,  the  substitution  of 
any  two  dissimilar  gx-oups  for  hydrogen  would  render  carbon  atoms  of 
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the  nucleus  asymmetric,  so  that  every  compound  of  the  general  formula 
CgH^XY  ought  to  exist  in  two  enantiomorphous  forms,  whereas  all 
efforts  to  isolate  such  forms  have  hitherto  proved  fruitless,  benzene 
derivatives  being  optically  inactive  vmless  there  is  an  asymmetric 
carbon  atom  in  a  side  chain.  Claus's  diagonal  formula  was  formerly 
objected  to  on  the  ground  that  the  ortho-  and  para-positions  were 
identical  and  that  it  therefore  required  the  existence  of  only  two  di- 
substitution  products.  This  difficulty  has  been  got  over  by  introduc- 
ing spatial  considerations  and  assuming  that  the  greater  distance 
between  the  para-carbon  atoms,  as  compared  with  the  ortho-,  con- 
stitutes a  difference.  It  is  necessary,  however,  further  to  assume  that 
the  carbon  and  hydrogen  atoms  lie  in  one  plane,  otherwii-e  asymmetric 
substitution  derivatives  would  exist ;  and  this  assumption,  taken  in 
conjunction  with  that  of  para-bonds,  would  appear  to  demand  the 
placing  of  the  four  affinities  of  carbon  in  one  plane ;  in  other  words, 
it  would  involve  the  abandonment  of  van't  Hoff's  tetrahedron.  The 
centrical  formula  is  difficult  to  criticise  ;  the  mode  of  disposing  of  the 
central  bonds  is  entirely  without  analogy  and  does  not  appear  to  be 
accessible  to  the  test  of  experiment.  In  its  application  and  predic- 
tions, the  centrical  formula  is  identical  with  Kekule's  simple  hexagon. 
The  question  of  the  disposal  of  these  unsaturated  affinities  is,  indeed, 
a  very  difficult  one.  Thus  von  Baeyer,  who  formerly  opposed  Claus's 
formula,  has  now,  with  certain  limitations,  adopted  it  {Annalen,  1892, 
269,  177).  According  to  him,  it  is  impossible  to  devise  a  benzene 
formula  which  shall  be  applicable  to  all  derivatives  of  benzene.  He 
I'egards  (loc.  cit.  p.  188)  phthalic  acid  as  derived  from  a  benzene  of 
Claus's  formula  and  phloroglucinol  from  one  of  Kekule's  formula  with 
altei"nate  double  and  single  bonds  : 


COOH 


OH 


COOH  HOll       'OH 

Phthalic  acid.  Phloroglucinol. 

Possibly  the  solution  of  this  difficulty  will  be  found  when  we  possess 
a  space  formula  capable  of  representing  these  various  modes  of  distri- 
buting the  unsaturated  affinities  as  different  desmotropic  oscillation - 
phases  of  a  ring  of  6  CH-gi'oups  (compare  Collie,  Trans.,  1897,  71, 
1013).  Of  such  a  formula  Kekule's  oscillation  formula  is  a  partial 
anticipation.  Meanwhile  chemists  will  doubtless  continue  to  emplo}- 
Kekule's  simple  hexagon,  without  alternate  double  and  single 
bonds,  as  a  statical  representation  of  the  symmetry  of  the  benzene 
molecule. 

Various  other  important  theoretical  questions  discussed  by  Kekule 
might  be  mentioned  here ;  but  time  does  not  permit. 
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If,  in  conclusion,  we  ask  ourselves  what  is  the  characteristic  note  of 
Kekule's  theoretical  creation,  the  chemistry  of  structure,  I  think  we 
may  reply  that  it  is  the  treatment  of  the  problem  of  isomerism — the 
problem  which  first  necessitated  the  use  of  constitutional  foi'mulas — 
as  one  of  geometrical  symmetry.  Kekule's  formulae,  stripped  of  the 
fetters  of  the  type  theory  with  which  he  at  first  encumbered  them, 
were,  from  one  point  of  view,  merely  more  or  less  symmetrical  geo- 
metrical figures.  In  order  to  predict  the  number  of  substitution  com- 
pounds, it  was  only  necessary  to  consider  the  degree  of  dissymmetry 
of  the  parent  compound  :  the  less  the  symmetry,  the  greater  the  num- 
ber of  isomeric  substitution  compounds.  The  extraordinary  fertility 
of  this  conception  is  shown  by  the  development  which  it  has  under- 
gone at  the  hands  of  van't  Hoff,  J.  Wislicenus,  von  Baeyer,  and 
others. 

Kekule's  structural  formulse  cleared  away  at  one  stroke  the  entire 
brood  of  pseudo-constitutional  foi-mulse.  If  organic  chemists  no  longer 
waste  their  time  in  wrangling  over  the  question  whether,  for  example, 
methylamine  is  methane  in  which  one  atom  of  hydrogen  is  replaced  by 
the  amidogroup,  or  ammonia  in  which  one  atom  of  hydrogen  is  re- 
placed by  methyl,  the  merit  is  Kekule's. 

The  accuracy  of  Kekule's  predictions  has  done  more  to  inspire 
a  belief  in  the  utility  of  legitimate  hypotheses  in  chemistry,  and 
has  therefore  done  more  for  the  deductive  side  of  the  science,  than 
that  of  almost  any  other  investigator.  His  work  stands  pre-eminent 
as  an  example  of  the  power  of  ideas.  A  formula,  consisting  of  a 
few  chemical  symbols  jotted  down  on  paper  and  joined  together  by 
lines,  has,  as  we  have  just  seen,  supplied  work  and  inspiration  for 
scientific  organic  chemists  during  an  entire  generation,  and  affords 
guidance  to  the  most  complex  industry  the  world  has  yet  seen. 

Although  much  research  remains  to  be  done  on  the  lines  laid  down 
by  Kekule,  yet  other  problems  ai'e  clamouring  for  solution,  and  other 
methods  of  investigation  have  been  called  into  existence  to  solve  them. 
The  younger  generation  of  chemists  are,  fortunately,  labouring  dili- 
gently in  the  field  of  physico-chemical  research,  which  the  organic 
chemists,  occupied  with  questions  of  chemical  structure,  had  perhaps 
unduly  neglected.  One  problem,  however,  which,  in  many  points  at 
least,  still  awaits  the  physical  chemist,  is  the  correlation  of  his  results 
with  those  of  the  structural  chemist.  When  this  is  fully  accomplished, 
there  will  be  a  debt  of  gratitude  on  both  sides;  but  no  one  will  be 
entitled  to  more  gratitude  than  August  Kekule. 
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VI. — Compounds  of  Fiperidine  ivitli  Phenols. 
By  Otto  Rosenheim,  Ph.D.,  and  Philip  Schidrowitz,  Ph.D. 

Introductory. 

The  action  of  piperidine  on  dihydric  and  trihydric  phenols  and  their 
derivatives  in  the  presence  of  dehydrating  agents  was  studied  with 
the  object  of  obtaining  compounds  of  the  general  formula 

c,H,o_„,(aNio:N),„ 

as  such  substances,  on  account  of  their  relation  to  the  phenylene- 
diamines  and  the  polyamines,  would  be  of  interest.  Our  experiments 
in  this  direction  have  not  as  yet  led  to  the  desired  result,  but,  instead, 
a  series  of  additive  products  was  obtained,  and  as  these  have  not 
hitherto  been  described  *  we  propose  to  give  some  account  of  them  in 
this  paper. 

As  a  rule,  they  can  be  obtained  well  crystallised  and  practically  pure 
by  mixing  solutions  in  ether  or  light  petroleum  of  the  base  and  the 
phenol. 

Their  behaviour  towards  strong  acids  and  alkalis,  by  which  they  are 
at  once  resolved  into  their  components,  is  evidence  of  the  labile,  ad- 
ditive character  of  the  salts.  With  the  exception  of  the  yellow  nitro- 
derivatives,  they  are  all  colourless,  and,  as  a  rule,  easily  soluble  in 
water  and  most  organic  solvents.  After  a  time,  and  in  some  cases 
almost  instantaneously,  the  aqueous  solutions  undergo  characteristic 
colour  changes  (compare  Oechsner  de  Ooninck,  he.  cit.),  possibly  due  to 
the  formation  of  more  complicated  substances,  in  which  the  piperidine 
radicle  is  directly  united  to  the  benzene  ring.  This  change  was  studied 
more  minutely  in  the  case  of  the  quinol  derivative,  the  colouring  matter 
formed  being  well  crystallised  and  easily  isolated. 

The  analysis  of  these  substances  and  their  behaviour  towards  acids 
lead  us  to  the  conclusion  that  they  are  of  the  nature  of  salts  in  which 
piperidine  is  the  basic,  and  the  phenol  the  acid  constituent. t 

Phenol  and  a-  and  /3-naphthol  do  not  yield  crystallisable  compounds. + 

*  Oechsner  de  Couiuck  (Compt.  rend.,  1897, 124,  563),  in  a  paper  entitled  "Action 
du  tannin  et  d'autres  derives  aromatiques  sur  quelqties  alkalcdds  et  nrdes  compo.sees," 
describes  various  colour  reactions  obtained  by  the  action  of  piperidine  on  phenols  in 
dilute  aqueous  solutions,  but  apparently  did  not  observe  the  formation  of  the  primary 
additive  products. 

t  Substances  of  a  similar  nature  were  obtained  by  the  action  of  phenols  on 
aniline  (A.  Hebebrandt,  Ber.,  1882,  15,  1973;  F.  Mylius,  Ber.,  1886,19,  1002), 
and  piperazine  (Schmidt  u.  Wichmaun,  Ber.,  1891,  24,  3237). 

X  T.  Abel  {Bc.r.,  1895,  28,  3106)  only  obtained  a  very  small  quantity  of  r-phenyl- 
piperidine,  when  operating  with  jihenol  and  piperidine  in  sealed  tubes  at  high 
temperatures,  but  found  that  o-  and  y3-naphthol  reacted  easily. 
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There  is  apparently  no  direct  connection  between  the  number 
of  piperidine  molecules  uniting  with  the  phenol  and  the  number 
of  hydroxy-  or  other  radicles  of  an  acid  nature  contained  in  the 
hitter  ;  but  the  p^sitioth  of  the  negative  group  appears  to  be  of 
imjiortance  : 

(1.)  In  regard  to  the  formation  of  the  compounds. — Tlie  meta-position 
appears  to  be  the  most  unfavoui\xble.  Resorcinol,*  phloroglucinol,  and 
metanitrophonol  do  not  yield  crystallisable  compounds,  whereas  pyro- 
catechol,  quinol,  1:2:  4-a-dinitronaphthol,  ortho-  and  para-nitrophenol, 
guaiacol,  picric  acid,  &c.,  do  so  with  ease. 

(2.)  In  regard  to  molecular  combining  propor-tions. — The  influence  of 
position  is  apparently  of  a  more  complex  nature,  and  the  most  notice- 
able feature  is  rather  the  lack  of  influence  of  the  number  of  negative 
groups,  more  especially  of  the  hydroxyl-group,  in  the  acid  constituent. 
Thus  1  mol.  of  piperidine  combines  with  1  mol.  of  quinol  (2  hydroxyls), 
1  mol.  of  pyrogallol  (3  hydroxyls),  1  mol.  of  vanillin,  and  1  mol.  of 
ortho-  or  para-nitrophenol ;  but  with  2  mols.  of  pyrocatechol  and  2 
mols.  of  pyrocatechol  monomethyl  ether.  It  may  be  added  here  that, 
in  all  cases,  variation  in  the  proportions  of  the  substances  employed 
has  no  effect  on  the  composition  of  the  final  pi'oduct. 

Experimental. 

In  the  majority  of  cases,  the  method  of  obtaining  these  substances 
was  broadly  as  described  under  piperidiue-pyrocatechol.  Any  distinct 
variation  will  be  noted  in  the  proper  place.  The  yield  is  in  almost 
every  instance  quantitative. 

Pijieridine-Pyrocatechol,  Cr^HjjN,(CjjH,.p.,)o. 

Cold  concentrated  ethereal  solutions  of  pyrocatechol  (2  mols.) 
and  piperidine  (1  mol.),  when  mixed,  began  to  boil  owing  to  the 
violence  of  the  action,  and  the  salt  separated  almost  immediately  in 
glistening  scales,  which  were  at  once  collected,  washed  with  a  little 
ether,  and  rapidly  dried  in  a  vacuum.  The  white  crystals  thus  obtained, 
as  also  the  ethereal  solution  (if  not  anhydrous),  quickly  assume  a  red- 
dish tint,  and  finally  become  brown  on  ex^^osure  to  the  air.  If  aqueous 
solutions  of  piperidine  and  pyrocatechol  are  mixed,  using  the  former 
in  excess,  the  liquid  remains  clear,  but  rapidly  becomes  wine  red  and 
finally  dark  brown.  If  excess  of  pyrocatechol  is  employed,  however, 
the  salt  described  above  is  precipitated  as  an  oil,  which  solidifies  on 
rubbing  it  with  a  glass  rod. 

*  F.  MyUus  (Bar.,  1886,  19,  1002)  failed  to  obt.-iiu  an  additive  product  from 
aniline  and  resorcinol,  but  succeeded  in  tlie  case  of  pyrocatechol. 
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The  substance  melts  at  80 — 81°,  and  is  very  soluble  in  water  and 
most  organic  solvents,  with  the  exception  of  light  petroleum. 

Found,  C  =  67-10;  H  =  7-52;  N* -4-87  per  cent. 

Ci7H230^N"  requires  0  =  66-85;  H  =  7-59  ;  N  =  4-60  per  cent. 

Piperidine-Guaiacol,  Ci^'R^^^,[Q.^^JS)G H3)(OH)]2, 

is  best  obtained  by  dissolving  the  guaiacol  (2  mols.)  in  benzene  and  the 
piperdine  (1  mol.)  in  light  petroleum,  and  after  thoroughly  washing  the 
white,  crystalline  mass  with  light  petroleum,  recrystallising  from 
acetone  or  a  mixture  of  benzene  and  light  petroleum.  It  forms 
splendid  colourless  prisms,  melting  at  79 — 80°,  and  fairly  soluble  in 
water,  vei'y  easily  in  benzene,  alcohol,  ether,  acetone,  and  ethylic  acetate, 
but  almost  insoluble  in  light  petroleum.  The  pure  substance  gradually 
assumes  the  odour  of  guaiacol  on  exposure  to  the  air. 

Found,  0  =  69-02;  H  =  8-21  ;  N  =  4-32  and  4-41  per  cent. 
CigH.-NO^  requires  0  =  68-42;  H  =  8-16;  N  =  4-21  percent. 

The  substance,  when  evaporated  several  times  on  the  water  bath 
with  concentrated  hydrochloric  acid,  is  totally  decomposed,  the  whole 
of  the  guaiacol  being  volatilised  and  piperidine  remaining  as  hydro- 
chloride. In  a  quantitative  experiment,  this  was  dried  and  weighed. 
Found,  36-6  per  cent. ;  calculated  for  weight  of  piperidine  hydro- 
chloride. 36-5  per  cent.  Under  similar  conditions,  pyrocatechol 
monethyl  ether  gives  no  crystallised  salt. 

We  ai*e  indebted  to  Dr.  F.  W.  Tannicliffe  for  the  physiological  and 
therapeutical  examination  of  this  product,  and  a  short  note  on  this 
subject,  which  he  has  sent  us,  will  be  found  at  the  end  of  this  paper. 

Piperidme-Quinol,  C^'H.■^■^N,C^H^^02^ 

This  was  obtained  from  the  ethereal  solution  (1  mol.  of  each)  of  the 
components  in  a  pure  state  as  colourless  nodules  made  up  of  small 
needles;  on  heating,  it  turns  brown,  and  finally  melts  at  102 — 104°. 
The  white  crystals  gradually  become  reddish,  and  finally  deep 
purple  on  exposure  to  the  air,  even  when  kept  in  a  stoppered  bottle, 
Lachowitz's  dipiperilbenzoquinone  being  no  doubt  formed  (Monatsh., 
1888,  9,  506).  This  transformation  proceeds  with  great  rapidity 
in  an  alcoholic  solution  of  the  salt,  which,  after  24  hours,  becomes 
deep   purple    and    deposits    dark    blue    crystals.     These    were    easily 

*  Nitrogen  was  throughout  estimated  by  Dumas'  method.  We  found  that 
Gunning's  modification  of  Kjeldahl's  method  [Zeitschr.  f.  anal.  Chem.,  1889,  28,  189), 
which  has  always  given  us  admirable  results  in  the  analysis  of  food  stuffs,  &c. , 
invariably  yielded  several  per  cent,  too  little  in  the  case  of  the  substances  described 
in  the  present  paper. 
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identified  by  their  melting  point,  178%  and  their  insolubility  in  water 
and  organic  solvents,  with  the  product  obtained  by  Lachowitz  men- 
tioned above.  This  change,  however,  does  not  take  place  if  the  salt  is 
kept  in  a  sealed  tube,  even  when  exposed  for  several  months  to  strong 
sunlight. 

The  transformation  of  the  white  additive  product  into  the  blue 
substance  which,  according  to  Lachowitz,  contains  the  piperidine 
radicle  directly  united  to  the  benzene  ring,  appears  to  be  due  to  the 
action  of  oxygen, 

2[C,H,(0H)„C,Hj,N]  +  30  =  G,K,0,,{0,-H,,n2  +  G.lI.iOm^  +  SH.O. 

The  fact  that  Lachowitz  worked  with  an  alcoholic  solution  in  which 
piperidine-quinol  is  easily  soluble,  is  no  doubt  the  reason  why  he 
failed  to  observe  the  formation  of  the  intermediate  product. 

Found,  C  =  67-52  and  67-96;  H  =  8-66  and  8-69  ;  ]Sr  =  7-27  per  cent. 
CiiH^^NOg  requires  0  =  67-61;  H  =  8-77;  N  =  7- 19  per  cent. 

When  resorcinol  or  phloroglucinol  were  treated  with  piperidine 
under  similar  conditions,  a  thick,  resinous  mass  was  obtained,  from 
which  no  crystalline  product  could  be  isolated. 

Piperidine-Pyrogallol,  OjHjjNjOgHgOg. 

This  is  obtained  in  white  needles,  which  evolve  gas  at  110°,  become 
discoloured  at  140°,  and  melt  at  171°;  it  is  easily  soluble  in  water  and 
alcohol,  but  almost  insoluble  in  benzene,  chloroform,  acetone,  and  ethylic 
acetate.  The  aqueous  and  alcoholic  solutions  of  the  salt  rapidly  change 
colour,  passing  through  yellow  to  a  dirty  brown. 

Found,  N  =  6-60  and  6-57  per  cent. 

CjjHj^NOg  requires  N  =  6-63  per  cent. 

This  separates  from  the  ethereal  solution  as  an  oil  which  is  converted 
into  a  crystalline  mass  on  rubbing  it  with  a  glass  rod.  When  recrystal- 
lisedfrom  ethylic  acetate, it  is  obtained  in  well-defined,  colourless  crystals 
melting  at  70°;  it  is  soluble  in  water,  alcohol,  and  benzene,  but  almost 
insoluble  in  ether  and  light  petroleum.  When  kept,  it  is  gradually 
transformed  into  a  dark-red,  resinous  mass  smelling  strongly  ot 
vanillin  ;  the  alcoholic  and  aqueous  solutions  of  the  .salt  show  the 
same  change  of  colour. 

Found,  N  =  5-63  per  cent. 

OiglljgNOy  requires  ISr  =  5-90  per  cent. 
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Salts  of  the  Nitro2)henols* 
Piperidine-Paranitrophenol,  CjH^ ^NjOgH^CtsTOg) •  OH. 

This  is  formed  from  its  components  in  molecular  proportion  dissolved 
in  ether.  When  recrystallised  from  acetone,  it  forms  large,  lemon- 
yellow  rhomboliedrons  about  1  cm.  in  length;  it  melts  at  110°,  and  is 
easily  soluble  in  water,  alcohol,  or  chloroform,  less  readily  in  ether,  and 
almost  insoluble  in  light  petroleum.  It  is  at  once  decomposed  by  alkalis 
and  by  acids  even  in  dilute  solution,  the  disappearance  of  the  yellow 
colour  on  adding  acids  to  an  aqueous  solution  indicating  the  point  of 
saturation.  Taking  advantage  of  this,  it  was  found  that  0"1206  gram 
required  5'25  c.c.  N/10  hydrochloric  acid.     Calculated  5*30  c.c. 

A  nitrogen  determination  gave  N  =  1 2 'ST  per  cent.,  whilst  C^-^Hj^N.^Og 
requires  N=  12'51:  per  cent. 

Piperuline-Orthonitrophenol,   C.Hjj]Sr,C(.H^(]Sr02)*0H. 

In  adding  a  solution  of  orthonitrophenol  (1  mol.)  in  benzene  to  piperi- 
dine  (1  mol.)  diluted  with  light  petroleum,  the  colour  of  the  solution 
changes  to  a  brilliant  orange  and  an  oil  of  the  same  colour  is  deposited  ; 
the  latter  rapidly  solidifies  to  a  crystalline  mass  on  adding  a  small 
crystal  of  the  salt  (accidentally  obtained  by  evaporating  a  few  drops 
of  the  solution  on  the  water-bath).  After  recrystallisation  from  a 
mixture  of  benzene  and  light  petroleum,  it  was  obtained  in  stellate 
clusters  of  slender  orange  prisms,  melting  at  83 — 84° ;  it  is  easily 
soluble  in  water,  alcohol,  ether,  and  most  organic  solvents.  The  aqueous 
solution  is  decomposed  on  boiling,  yellow  vapours  of  orthonitrophenol 
being  given  off. 

Found,  N  =  12-66  per  cent. 

CjiHjg]Sr20.5  requires  N  =  12*50  per  cent. 

0'1884  gram  (standardised  as  described  under  paranitrophenol, 
piperidine)  required  8*3  c.c.  N/10  hydrochloric  acid.    Calculated  8"4  c.c. 

Pilfer idine-Picrate,  C5H^jN,C6H2(N02)3-OH. 

This  substance  has  been  mentioned  in  literature,  but  not  described, 
and  as  it  may  be  of  use  for  the  identification  of  piperidine,  we  think 
it    of    interest    to    give    a    short    description    of    its    properties.     On 

»  T.  Abel  [Ber.,  1895,  28,  3106)  examined  the  action  of  piperidine  on  mono- 
nitrophenols  at  higher  temperatures,  with  the  object  of  obtainin^s;  uitrophenol- 
piperidines,  but  does  not  seem  to  have  observed  the  formation  of  in  termediate 
products. 
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adding  pipex'idine  (1  mol.)  diluted  with  a  little  ether  to  trinitro- 
phenol  (1  mol.)  dissolved  in  equal  parts  of  alcohol  and  ether,  the 
mixture  became  warm ;  on  cooling,  the  picrate  crystallised  out  in 
brilliant  yellow  needles,  which,  after  recrystallisation  from  water  or 
alcohol,  melted  at  145°  (but  were  partially  decomposed  at  1 12°).  It  is 
sparingly  soluble  in  cold,  easily  in  hot  water,  and  melts  under  boiling 
water  to  a  yellow  oil ;  it  is  easily  soluble  in  acetone  or  ethylic  acetate, 
but  nearly  insoluble  in  benzene  and  light  petroleum. 

Found,  ]Sr=  18-07  per  cent. 

0^^11^41^405,  requires  N  =  17*88  per  cent. 

Neither  a-  nor  /5-naphthol  forms  salts  with  piperidine,  a  fact  which 
is  somewhat  surprising,  when  we  take  into  account  the  ease  with 
which  piperidine  reacts  with  naphthols  at  higher  temperatures  to  form 
naphthylpiperidines  (T.  Abel,  Ber.,  1895,  28,  3106).  On  the  other  hand, 
1:2:  4-dinitronaphthol  forms  an  additive  product  with  the  greatest 
ease. 

Piperidine-Dinitronaj)hthol,  [1:2:4]  C5Hj,N,CioH5(N02)2-OH. 

This  is  obtained  by  mixing  solutions  of  piperidine  and  dinitronaphthol 
(in  light  petroleum  and  benzene  respectively)  in  molecular  proportion  ; 
after  recrystallising  from  alcohol,  it  is  obtained  in  orange  needles 
melting  at  205°.  It  is  easily  soluble  in  water  and  hot  alcohol,  but 
only  very  sparingly  in  ether  and  benzene. 

Found,  ]Sr  =  13-44  per  cent. 

C^gHji^NgOg  requires  N  =  13-16  per  cent. 

Tannin,  when  treated  with  piperidine  in  ethereal  solution,  yields  a 
substance  which  becomes  resinous  and  undergoes  further  changes  so 
rapidly  that  we  refrained  from  analysing  it  (see  Oechsner  de  Coninck, 
loc.  cit.).  Gallic  acid,  like  other  acids,  yields  a  salt  ;  it  melts  at 
206—207°  and  decomposes  at  210°. 

We  propose  to  examine  the  action  of  other  secondary  bases  on 
phenols  under  similar  conditions,  and  may  add  that,  from  our  preliminary 
experiments,  tertiary  bases  do  not  seem  to  yield  additive  compounds. 
As  a  curious  fact,  however,  we  may  mention  that,  although  pyridine 
does  not  react  with  phenols,  quinoline,  in  ethereal  solution,  forms  a 
well  crystallised  i)roduct  (m.  p.  94 — 95°)  with  quinol. 
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Note  on  the  Physiological  Action  of  Guaiacolate 
of  Piperidine. 

By  F.  W.  TuNNicLiFFE,  M.D.,  M.R.C.P. 

This  substance  has  already  been  introduced  into  medicine,  and  has 
been  found  to  be  of  considerable  service  in  phthisis.  It  forms  a  rela- 
tively soluble  salt,  and  can  be  given  either  in  solution  or  in  the  solid 
form.  It  has  none  of  the  iri'itant  properties  of  guaiacol,  and  there  is 
every  reason  to  believe  that  the  base,  that  is,  the  piperidine,  not  only 
neutralises  these  irritant  properties  but  exerts  its  own  specific  action, 
namely,  that  of  a  vascular  and  nervine  tonic.  The  importance  of  a 
vascular  tonic  in  the  treatment  of  the  infective  granulomata  (tuber- 
culosis) has  recently  been  emphasised  by  Liebreich,  who  has  found, 
both  in  the  treatment  of  pulmonary  tuberculosis  and  lupus,  canthari- 
dine  to  be  of  great  service ;  the  principal  action  of  this  substance  is 
attributed  by  Liebreich  almost  entirely  to  its  vascular  tonic  action. 
The  combination,  therefore,  of  a  vascular  tonic,  one  of  the  strongest 
known  (perhaps  the  strongest  with  the  exception  of  nicotine),  and  an 
antiseptic  like  guaiacol  must  be  regarded  pharmacologically  as  an 
advance,  and  the  practical  results  obtained  with  this  substance,  although 
at  present  few,  seem  to  prognosticate  for  it  a  distinct  place  amongst  the 
remedies  for  consumption. 

Scientific  Workroom, 

St.  Bartholomew's  Hospital. 


VII. — Action  of  Chloroform  and  Alkali  Hydroxides 
on  the  Nitrohenzoic  Acids. 

By  Walter  J.  Elliott,  M.A. 

In  a  former  communication  (Trans.,  1896,  69,  1513),  it  was  shown 
that  potassium  hydroxide  in  aqueous  solution  and  chloroform,  by  their 
conjoint  action  on  metamidobenzoic  acid,  produced  a  substance  allied 
to  the  aldehydes.  The  action  of  these  agents  on  other  substituted 
benzoic  acids  is  now  being  investigated,  this  communication  dealing 
with  their  action  on  the  nitro-acids. 

As  in  the  previous  research  the  amido-group  had  not  been  attacked, 
it  was  thought  that  the  nitro-group  would  also  remain  unchanged  but 
this  has  not  proved  to  be  the  case.  When  the  attempt  was  made  to 
bring  about  a  change  under  the  conditions  obtaining  in  the  case  of  the 
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amido-acid,  no  action  occurred ;  however,  on  varying  the  proportions 
and  the  time,  products  were  eventually  obtained  from  the  meta-  and 
para-acids  which  proved  to  be  products  of  reduction,  azoxy-acids,  in 
fact.  No  compound  was  formed  from  the  ortho-acid,  although  some 
slight  action  apparently  takes  place.     The  yield  in  every  case  is  small. 

Preparatio7i  of  Metazoxyhenzoic  Acid. 

After  many  trials,  the  following  method  was  found  to  give  the  best 
yield.  Both  potassium  hydroxide  and  sodium  hydroxide  were  used,  but 
no  difference  in  their  action  could  be  detected. 

To  10  grams  of  metanitrobenzoic  acid  dissolved  in  a  solution  of 
40  grams  of  sodium  hydroxide  in  250  c.c.  of  water,  30  grams  of 
chloroform  were  added,  and  the  whole  heated  by  a  small  flame  for  6 
hours  in  a  flask  fitted  with  a  reflux  condenser.  The  solution,  after 
being  filtered,  diluted,  and  acidified  with  dilute  sulphuric  acid,  was 
boiled,  and  again  filtered  ;  the  filtrate  contains  the  greater  part  of  the  un- 
altered nitro-acid,  which  can  be  easily  recovei-ed  by  crystallisation  ;  the 
crystals  had  the  melting  point  of  the  nitro-acid  (141°),  and,  on  analysis, 
gave  numbers  corresponding  with  8'37  per  cent,  of  nitrogen.  The 
precipitate,  after  being  well  washed  with  boiling  water  to  remove  the 
rest  of  the  nitro-acid,  was  boiled  with  alcohol,  which  removed  the  last 
traces,  filtered,  and  washed  with  hot  alcohol.  As  the  residue  was  only 
slightly  soluble  in  alcohol  and  insoluble  in  water,  it  was  purified  by 
dissolving  it  in  dilute  ammonia  and  precipitating  with  dilute  sulphuric 
acid  ;  after  washing  with  hot  water  and  hot  alcohol  and  drying  at 
100*^,  a  product  was  obtained  which  gave  concordant  results  on  analysis. 

The  puiified  product  is  a  yellowish  powder  slightly  soluble  in  alcohol, 
from  which  it  separates  as  a  crystalline  powder,  slightly  soluble  in 
ether,  insoluble  in  water.  It  does  not  melt  below  300°,  but  becomes 
darker  in  colour  above  250°. 

The  following  numbers  were  obtained  on  analy,sis. 

I.  0-1703  gave  00556  H,0  and  0-3658  GO.,.     C  =  58-58;  H  =  362. 

II.  0-1892     „     0  0603  11,0    „    0-4082  CO^.     0  =  58  83;  H  =  3-54. 

111.0  1806     „     15-6  c.c.  moist  nitrogen  at  17°  and  760-6  mm.  N  =  9-96. 

IV.  0-1651     „     14-2C.C.  moist  nitrogen  at  16°  and  762  6  mm.  N  =  9-94. 

Oi^Hj^^NoO^  requires  0  =  58-74.     H  =  3-49  ;  N  =  9-79  per  cent. 

It  is  therefore  metazoxy  benzoic  acid.  This  acid  was  prepared  by 
Griess  {Annalen,  1864,  131,  92)  by  the  action  of  alcoholic  potash  on 
metanitrobenzoic  action.  A  specimen  prepared  by  Griess's  method 
was  found  to  have  properties  similar  to  those  of  the  acid  described 
above. 

The  silver  salt  was  obtained   as   a  flocculent,  faintly-yellow  pre- 
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cipitate  on  adding  silver  nitrate  solution  to  a  neutral  solution  of  the 
ammonium  salt  ;  it  is  slightly  soluble  in  boiling  water,  and  separates 
as  a  flocculent  precipitate  which  is  very  stable  in  air,  and  is  not 
affected  by  light  at  the  ordinary  temperature.  The  silver  salt,  dried 
at  100°,  was  analysed. 

I.  0-1460  gave  0-0626  Ag.     Ag  =  42-87. 
II.  0-2754     „     0-1182  Ag.     Ag  =  42-91. 

Cj^Hg]SroOr,Ag2  requires  Ag  =  43-2  per  cent. 

The  barium  salt,  obtained  as  a  yellow,  crystalline  precipitate  on 
adding  barium  chloride  solution  to  a  neutral  solution  of  the  ammonium 
salt,  is  almost  insoluble  in  water,  and  was  purified  by  repeated 
washing  with  boiling  water  ;  the  crystals  are  in  the  form  of  minute 
plates.     The  salt  was  dried  at  120°  and  analysed. 


1.  0-4385  gave  0-2419  BaSO^.     Ba  =  32-43. 
1.0-5367     „     0-2953  BaSO^.     Ba  =  32-35.    • 

Cj^HgNoO.Ba  requires  Ba  =  32-54  per  cent. 


Fre2Xcration  of  Parazoxyhenzolc  Acid. 

This  acid  was  obtained  and  purified  by  the  methods  used  in  the  case 
of  the  meta-acid.  It  is  a  bright  yellow,  amorphous  powder,  insoluble 
in  all  solvents  ;  it  does  not  melt,  but  becomes  darker  in  colour  when 
heated  to  a  high  temperature.  The  purified  acid,  dried  at  100°,  gave 
the  following  numbers  on  analysis. 

0-1933  gave  0-0636  HoO  and  04148  COo.     C  =  58-52  ;  H  =  3-65. 
0-2504     „     22  c.c.  moist  nitrogen  at  17°  and  759  mm.      N  =  10-06. 

The  silver  and  barium  salts  were  obtained  by  the  methods  used  for 
the  preparation  of  similar  salts  of  the  meta-acid. 

The  silver  salt  is  a  bright  yellow,  amoi-phous  substance,  insoluble  in 
water,  and  very  stable  in  air.     It  was  dried  at  100°  and  analysed. 

0-2315  gave  0-1002  Ag.     Ag  =  43-28. 
0-4172     „     0-1792  Ag.     Ag-42-95. 

The  barium  salt  is  precipitated  in  minute,  dark  yellow  plates  in- 
soluble in  water.     It  was  dried  at  120°  and  analysed. 

0-2928  gave  0-1617  BaSO^.     Ba  =  32-47. 

After  many  trials  with  vary  ing  quantities  of  the  interacting  substances, 
nothing  but  the  original  nitro-acid  was  obtained  from  orthonitro- 
benzoic  acid.  Some  slight  action  takes  place,  since  there  is  consider- 
able change  of  colour  on  prolonged  heating,  but  all  attempts  to  isolate 
a  definite  product  have  failed ;  from  this  it  would  seem  that  the  nitro- 

L  2 
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group  in  the  ortho-position  is  less  easily  reduced  than  when  it  is  in 
the  meta-  or  para-position. 

In  the  cases  where  the  azoxy-acid  is  produced,  there  is  brisk  effer- 
vescence on  acidifying  the  solution  after  boiling  with  chloroform, 
carbon  dioxide  being  evolved  in  considerable  quantity  ;  this  fact  seems 
to  show  that  the  reduction  of  the  nitro-group  is  accompanied  by  oxida- 
tion of  the  alkali  formate  to  carbonate. 

The  investigation  of  the  conjoint  action  of  chlorofoi-m  and  alkali 
hydroxides  on  other  substituted  benzoic  acids,  such  as  the  chlorinated 
acids  and  the  ortho-amido-acid,  is  now  being  attempted,  and  I  hope  to 
communicate  the  results  to  the  Society  in  a  short  time. 

The  Geammae  School, 
Beistol. 


VIII. — New  Method  of  Preparing  Pure  Iodine. 
By  Bevan  Lean,  D.Sc,  B.A.,  and  W.  H.  Whatmough. 

Introduction. 

In  his  Nouvelles  Eecherches  sur  les  Lois  des  Proportions  Chimiques 
(p.  136),  Stas  says  ; — 

"  Pour  efFectuer  une  synthese  complete  d'iodure  d'argent,  j'ai  du  necessaire- 
ment  me  procurer  d'abord  de  I'iode  pur.  Tons  les  moyens  indiques  pour 
arriver  a  ce  resultat  ne  m'ont  point  paru  presenter  des  garanties  suffisantes. 
Aucun  de  ces  moyens,  en  effet,  n'exclut  la  possibilite  de  la  presence  du  chlore 
ni  de  brome.  Apres  avoir  murement  examine  toutes  les  conditions  dans 
lesquelles  on  pent  probablement  parvenir  a  obtenir  de  I'iode  ;  je  n'ai  pu  en 
ddcouvrir  que  deux  :  I'une  consiste  dans  la  precipitation,  par  I'eau,  de  Fiode 
dissous  dans  une  solution  d'iodure  de  potassium  ;  I'autre  r(^side  dans  la  decom- 
position de  la  diiodamine  par  la  clialeur.  En  eflet,  le  chlore  et  le  brome,  con- 
tenus  dans  I'iode  employe,  doivent  rester  unis  soit  au  potassium,  soit  a  I'am- 

monium D^lay^  dans  de  I'eau,  I'iode  a  6t^  introduit  ensuite  dans  une 

grande  cornue  tubul^e,  et  distill^  a  la  vapeur  d'eau  pure.  Get  iode  apres  avoir 
ete  egoutt^,  a  6t6  expos^  sous  une  cloche  contenant  de  I'azotate  de  chaux 
dessecli(5.  L'azotate  de  cliaux  a  6t^  renouvele  tant  qu'il  s'est  humectd.  Ce  sel 
de  chaux  a  etc  la  seule  matiere  que  j'ai  pudecouvrir  pour  seclier  I'iode  sans  lui 
comunmiquer  des  impuretes. 

"  L'iode,  dessechtj  aussi  bien  que  possible,  a  it6  mele  de  cinq  pour  cent  de 
son  poids  de  protoxyde  de  baryum  pur  finement  pulverise  et  soumis  h  la 
distillation  s^che.  II  a  4t6  regu  dans  une  cornue  tubul^e  qui  servait  de  recip- 
ient et  qui  contenait  aussi  du  protoxyde  de  baryum  pur  finement  pulverise  ; 
il  a  ete  rectifie  une  deuxieme  fois,  en  condensant  sa  vapeur  dans  une  cornue 

vide En  distillant  I'iode  sur  du  protoxyde  de  baryum,  j'avaisun  double 

but :  je  voulais  le  priver  de  I'eau  qu'il  retient  avec  une  grande  opiniatretd 
ainsi  que  I'acide  iodhydrique.  .  .  . 
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"  L'iode,  produit  aiiisi,  differe  notablemeut,  par  son  aspect,  de  celui  du 
commerce.  Apr^s  avoir  ^te  foudu  dans  un  tube  de  verre,  il  est  absolument 
noir  a  I'etat  liquide  et  solide  :  a  la  temperature  ordinaire,  il  n't^met  aucune 

vapeur  visible  dans  Pair On  admet  gdneralement  que  le  point  de  fusion 

de  l'iode  est  107',  et  que  son  point  d'ebullition  est  conipris  entre  175°  et  180°. 
L'iode  de  la  diiodamine  est  encore  solide  a  113°  ;  mais  il  est  liqiiide  k  115°,  et 
ne  bout  pas  encore  a  200°." 

The  chief  difficulties  which  Stas  had  to  overcome  in  the  preparation 
of  iodine  were  its  sepax'ation  from  bromine  and  chlorine,  and  subse- 
quently the  removal  of  moisture  and  hydriodic  acid.  It  would  be  of 
great  interest  to  learn  in  detail  how  Stas  assured  himself  that  his  '  iodine ' 
was  free  from  other  halogens,  and  that  calcium  nitrate  was  the  only 
desiccating  agent  which  did  not  introduce  impurities  to  the  iodine.  No 
further  information  on  these  points  can,  however,  be  gleaned  from  his 
published  researches  ;  several  of  his  laboratory  note-books  kept  in  the 
Solvay  Institute  at  Brussels,  and  courteously  lent  to  us  by  the  Director, 
Dr.  Paul  Heger,  have  also  been  carefully  examined  with  the  same 
object,  but  without  success. 

A  few  months  ago,  we  observed  incidentally  that  no  iodine  was  set  free 
when  cuprous  iodide  was  heated,  even  till  fused,  in  a  current  of  carbonic 
anhydride,  although,  as  is  well  known,  iodine  is  readily  evolved  when 
cuprous  iodide  is  heated  in  air  to  a  moderate  temperature.  A  few  pre- 
liminary experiments  showed  that  the  action  was  probably  represented 
by  the  equation 

CuJ2-i-02  =  2CuO-hl2. 

Now  it  has  commonly  been  supposed  that  an  iodide  can  be  detected 
in  the  presence  of  other  haloids  by  precipitation  as  cuprous  iodide,  and 
if  so,  it  should  be  possible  to  prepare  cuprous  iodide  free  from  bromide 
or  chloride,  and  then  from  it  liberate  pui-e  iodine  in  the  way  indicated 
above. 

With  the  object  of  preparing  iodine,  free  in  particular  from  chlorine, 
bromine,  hydriodic  acid  or  water,  the  whole  question  was  submitted  to 
careful  examination. 

Preparation  of  Cuprous  Iodide. 

Action  of  Copper  Sulphate  Saturated  with  Sulphurous  Acid  on  Haloid 
Salts. — It  is  well-known  that  cuj^rous  iodide  is  immediately  precipitated 
when  a  solution  of  copper  sulphate  saturated  with  sulphurous  acid  is 
added  to  a  solution  of  an  iodide  (Duflos,  Annalen,  39,  253).     Thus  : — 

2CUSO4  +  2KI  -+-  SOo  +  2H2O  =  Cu^I.  -t-  K2SO4  +  2H2  SO4. 

Cuprous  iodide  was  prepared   by  this  method  : — Two  gram-molecules 
of  copper  sulphate   were  dissolved  in  3  litres  of  water,  the  solution 
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saturated  with  sulphur  dioxide,  and  2  gram-molecules  of  potassium 
iodide  dissolved  in  150  c.c.  of  water  were  added.  The  pale  yellow 
precipitate  which  was  immediately  formed  was  allowed  to  settle,  the 
supernatant  liquid  poured  oiT,  and  the  residue  washed  with  sulphurous 
acid  solution  by  decantation  until  the  whole  of  the  sulphate  had  been 
removed ;  it  was  then  boiled  with  water  to  render  it  granular, 
collected  on  linen,  the  product  spread  upon  a  porous  tile,  and  finally 
exposed  over  sulphuric  acid  in  a  vacuum.  Cuprous  iodide  retains 
moisture  somewhat  obstinately ;  after  exposure  for  three  weeks  over 
sulphuric  acid,  a  sample  still  contained  0*18  per  cent,  of  moisture,  but 
this  was  removed  after  further  exposure.  The  dried  iodide  was 
reserved  for  future  experiments. 

One  of  the  recognised  methods  of  preparing  cuprous  chloride  is 
very  similar  to  the  above.  A  solution  of  copper  sulphate  and 
potassium  chloride  is  saturated  with  sulphur  dioxide,  when  a  crystal- 
line, white  precipitate  of  cuprous  chloride  is  gradually  deposited ; 
excess  of  sulphurous  acid,  however,  retards  the  precipitation  of  the 
chloride.  If  the  clear  solution  is  decanted  from  the  precipitate  and 
boiled,  a  further  quantity  is  deposited.  The  cuprous  chloride  can  be 
purified  by  washing  it  first  with  a  solution  of  sulphurous  acid  and 
afterwards  with  glacial  acetic  acid,  the  product  being  then  pressed 
between  paper  and  dried  in  a  warm  place  (Wohler,  Annalen,  1864, 
130,  373;  Rosenfeld,  Ber.,  1879,  954). 

Cuprous  chloride  cannot  be  washed  by  much  water  without  under- 
going decomposition,  for  as  soon  as  the  excess  of  acid  is  removed,  the 
following  interesting  action  begins  in  the  presence  of  air,  and,  as  was 
shown  by  Vogel,  is  rendered  evident  by  the  orange  or  red  colour 
which  the  precipitate  suddenly  assumes:  2Cu2Cl2  +  0  =  Cu204- 2CuCl2. 
Cuprous  chloride  can  thus  be  almost  completely  decomposed  by  repeated 
treatment  with  water  in  the  pi'esence  of  air. 

Freshly  precipitated  cuprous  chloride  is  redissolved  by  sulphurous 
acid. 

In  view  of  the  knowledge  that  both  cuprous  chloride  and  cuprous 
iodide  can  be  prepared  by  the  action  of  sulphur  dioxide  on  a  mixture 
of  copper  sulphate  with  potassium  chloride  or  iodide  in  presence  of 
water,  it  might  be  expected  that  cuprous  bromide  could  also  be  prepared 
by  a  similar  method.  This  we  have  found  to  be  the  case,  although 
we  have  not  met  with  any  mention  of  this  method  of  preparation 
compare  Dammer's  Handbuch  der  Anorg.  Chemie,  1894  edition).  About 
20  grams  of  copper  sulphate  and  8  grams  of  sodium  bromide  were 
dissolved  in  300  c.c.  of  water,  and  sulphur  dioxide  passed  in  j  after  a 
time,  small,  white  crystals  were  deposited.  These  were  filtered  i-apidly 
from  the  mother  liquor,  washed  with  sulphurous  acid,  spread  upon  a 
porous  tile,  and  then  exposed  over  potassium  hydroxide  in  a  vacuum. 
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If  the  mother  liquor  was  heated  so  as  to  expel  sulphur  dioxide,  more 
crystals  were  deposited. 

The  crystals,  which  were  pale  greenish-yellow,  subsequently  became 
pale  bluish  grey.  The  copper  in  the  cuprous  bromide  was  determined 
volumetrically. 

0-662  corresponded  with  0-5830  iodine.    Cu  =  44-29. 
0-6740  gave  0-8808  AgBr.    Br  =  56-00. 

Cu^Brg  requires  Cu  =  44-21  ;  Br  =  55*79  per  cent. 

Cuprous  bromide,  like  the  chloride,  is  decomposed  by  water  in  the 
presence  of  air,  but  the  action  does  not  take  place  so  readily.  It  also 
can  be  dissolved  by  sulphurous  acid. 

Both  cupi'ous  chloride  and  bromide  may,  therefore,  be  precipitated 
by  the  action  of  sulphur  dioxide  on  solutions  containing  copper 
sulphate  and  a  chloride  or  bromide ;  and  if  the  solution  is  but 
moderately  concentrated  (twice  decinormal  in  the  case  of  the  bromide) 
the  precipitation  cannot  be  prevented,  contrary  to  the  statement  of 
Fresenius,  by  the  presence  of  excess  of  sulphurous  acid. 

It  seemed,  therefore,  desirable  to  determine  the  dilution  necessary 
to  prevent  the  preciintation  of  the  chloride  or  bromide.  To  ascertain 
this,  100  grams  of  copper  sulphate  were  dissolved  in  1  litre  of  water, 
and  the  solution  saturated  with  sulphvxr  dioxide.  Twice  normal 
solutions  of  potassium  chloride,  bromide,  and  iodide  were  made,  and 
10  c.c.  of  each  added  severally  to  25  c.c.  of  the  solution  of  cuprous 
sulphate  in  small  stoppered  flasks,  and  it  was  observed  in  each  case 
whether  a  precipitate  occurred  or  not.  The  haloid  solutions  were  then 
diluted  ten-fold,  and  again  10  c.c.  of  these  were  added  severally  to  25  c.c. 
of  the  same  solutions  of  cuprous  sulphate.  Similar  experiments  were 
made  when  the  haloid  solutions  were  diluted  one  hundred-fold,  a 
thousand-fold,  &c.     The  results  are  recorded  in  Table  I,  p.  152. 

On  adding  silver  nitrate  to  the  last  solution,  containing  0000033 
gram  of  potassium  iodide,  an  opalescence  was  produced  immediately. 

From  these  experiments,  it  is  clear  that,  whilst  cuprous  iodide, 
bromide,  and  chloride  may  all  be  precipitated  by  the  addition  of  a  haloid 
salt  to  a  solution  of  cuprous  sulphate,  there  is  a  great  difference  in 
their  degree  of  solubility,  cuprous  iodide  being  much  less  soluble  than 
the  bromide,  and,  similarly,  the  bromide  than  the  chloride.  This 
explains  the  anomalous  results  sometimes  obtained  by  students  in  the 
practice  of  qualitative  analysis. 

It  is  a  common  practice  to  remove  iodine  from  a  mixture  of  haloid 
salts  by  the  addition  of  a  solution  of  copper  sulphate  mixed  with 
ferrous  sulphate,  as  well  as  by  the  method  already  examined.  Experi- 
ments similar  to  those  desci'ibed  above  were,  therefore,  made  to  test  the 
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Table  I. 


KCl. 


KBr. 


KI. 


1  '5  grams.  2  '4  grams. 

Little  or  no  ppt.  after  1  hour      Ppt.  within  1  minute. 
Crystals  after  10  (Jays. 


0'15  gram. 
No  ppt.  after  10  days. 


0'24  gram. 
Ppt.  within  3  minutes. 


3*3  grams. 
Immediate  ppt. 


0-33  gram. 
Immediate  ppt. 


I  0-024  gram.  j 

Slight  ppt.  within  10  days  i 


0  033  gram. 
Immediate  ppt. 


0-0024  gram.  |  0-0033  gram. 

iVb  opalescence  after  10  daysilnimediate  opalescence  and 
gradual  formation  of  a  ppt. 


0-00033  gram. 
Immediate  opalescence. 


0-000033  gram. 
No  opalescence  after  10  days 


efficacy  of  this  method  ;  100  grams  of  crystallised  copper  sulphate 
and  114  grams  of  ferrous  sulphate  were  dissolved  in  1  litre  of  water, 
and  to  25  c.c.  of  this  solution,  placed  in  small  stoppered  flasks,  were 
added  as  before,  in  each  case,  10  c.c,  of  solutions  of  the  haloid  salt. 
The  results  are  summarised  in  the  folloAving  table. 

Table  II. 


KCl. 

KBr. 

KI. 

1  -5  gram. 
No  ppt. 

2-4  grams. 
No  ppt. 

3-3  grams. 
Immediate  ppt. 

0-33  gram. 
Immediate  ppt. 

0-033  gram. 
Immediate  ppt. 

0-0033  gram. 
Immediate  opalescence  and 
gradual  formation  of  a  ppt. 

0-00033  gram. 
No  opalescence. 
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In  each  case,  after  stauding  some  time,  a  little  ferric  hydroxide  was 
precipitated. 

A  comparison  of  Tables  I  and  II  shows  that  a  mixture  of  copper 
sulphate  and  ferx'ous  sulphate  is  not  nearly  so  liable  to  precipitate 
cuprous  bromide  and  chloride  along  with  iodide  as  a  solution  of  copper 
sulphate  saturated  with  sulphurous  acid  (the  cuprous  iodide  may 
contain  a  little  iron  hydroxide.)  Table  II  shows,  moreover,  that  by 
securing  a  proper  dilution  it  is  very  probable  that  cuprous  iodide  can 
be  precipitated  by  a  mixture  of  copper  sulphate  and  ferrous  sulphate, 
unaccompanied  by  cuprous  bromide  or  chloride  ;  if,  further,  the  cuprous 
iodide,  precipitated  under  such  conditions,  is  collected  and  washed 
repeatedly  with  a  solution  of  sulphurous  acid,  it  is  px'obable  that  every 
trace  of  cuprous  bromide  and  chloride  can  be  removed. 

A  New  Method  of  Preparing  Cuprous  Iodide. — If  copper  foil  is  torn 
into  shreds  and  heated  in  the  presence  of  air  in  a  porcelain  basin  over 
a  Bunsen  flame,  and  iodoform  sprinkled  over  it  in  small  quantities  at  a 
time,  a  violent  action  takes  place,  violet  clouds  of  iodine  being  evolved, 
while  a  flame  plays  over  the  contents  of  the  basin.  The  copper  is 
then  found  to  be  coated  with  a  black  scale  which  is  very  readily 
peeled  off,  leaving  a  clean  copper  surface,  and  the  copper  may  then  be 
re-treated  with  iodoform  until  little  or  no  metallic  copper  remains. 

The  black  scale,  on  analysis,  was  found  to  contain  a  little  carbon  and 
cupi'ic  oxide,  but  it  was  almost  wholly  cuprous  iodide  (about  98  per 
cent.).  On  account  of  the  difference  in  the  properties  of  chloroform, 
bromoform,  and  iodoform,  it  is  probable  that  by  this  method  also 
cuprous  iodide  can  be  prepared  entirely  free  from  bromide  or  chloride. 

Pre2xiration  of  Iodine  from  Cuj)rous  Iodide. 

As  already  stated,  one  of  us  observed  incidentally  a  few  months  ago 
that  when  cuprous  iodide  was  heated  in  a  current  of  carbonic  anhy- 
dride no  violet  vapours  appeared,  although  iodine  was  freely  liberated  if 
air  or  oxygen  was  substituted  for  the  carbonic  anhydride.  It  was  found, 
also,  that  if  carbonic  anhydride  free  from  air  and  dried  by  sulphuric 
acid  was  passed  over  cuprous  iodide  in  a  boat  within  a  glass  tube,  and 
the  iodide  heated  even  until  fused,  no  trace  of  iodine  could  be  detected 
in  the  effluent  gases  by  means  of  starch  paper.  Cuprous  iodide  can, 
therefore,  in  all  probability  be  completely  freed  from  moisture  and  from 
hydriodic  acid  by  fusion  in  a  current  of  carbonic  anhydride. 

Experiments  showed,  however,  that  if  cuprous  iodide  was  heated  in 
a  current  of  air,  oxygen,  nitric  oxide,  or  nitrogen  peroxide  to  tempera- 
tures between  200°  and  300°,  iodine  was  very  readily  liberated,  the 
ioJide  at  the  same  time  becoming  black.     It  appeared  that  the  libera- 
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tion  of  the  iodine  was  dependent  on  the  oxidation  of  the  copper  : 
Cu2l2  +  0.2  =  2CuO  +  l2.  We  then  endeavoured  to  ascertain  (1)  whether 
the  whole  of  the  iodine  was  liberated,  (2)  whether  the  action  was  de- 
pendent on  the  presence  of  moisture,  and  (3)  whether  the  iodine 
liberated  in  this  way  from  pure  cuprous  iodide  was  pure  and  free 
from  iodic  anhydride  or  any  compound  of  copper. 

The  following  apparatus  was  employed.  A  long  piece  of  hard  glass 
tubing,  AB,  heated  by  a  gas  furnace  at  C  D,  the  temperature  of  which 
could  be  regulated  by  a  thermostat,  was  connected  at  E  with  a  water 
pump,  so  that  air  could  be  aspirated  through  the  tube.     GH  was  a 

Fig.   1. 
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glass  tube  through  which  cold  water  circulated,  providing  a  condensing 
surface  for  the  iodine  vapour,  and  IK  was  a  porcelain  boat  containing 
cuprous  iodide. 

Action  of  Gases  at  the  Ordinary  Temperature. — The  action  of  gases 
which  liberate  iodine  from  cuprous  iodide  with  great  readiness  at 
elevated  temperatures  was  tried  at  the  ordinary  temperature  of  the 
laboratory,  the  gases  being  dried  by  sulphuric  acid.  In  no  case,  how- 
ever, was  sufficient  iodine  liberated  to  be  condensed  ;  its  liberation  in 
any  particular  case  was  only  detected  by  starch  paper  introduced  into 
the  tube  between  A  and  C. 

Air  passed  over  cuprous  iodide  exposed  to  the  light  caused  a  slight 
coloration  of  the  starch  paper  after  3  hours,  and  after  2  days  the  paper 
was  quite  blue.  When  air  was  passed  over  the  iodide  in  the  dark  for 
1  day,  no  iodine  could  be  detected. 

Oxygen  did  not  liberate  any  iodine  in  the  dark. 

Nitric  oxide  and  nitrogen  peroxide  each  liberated  iodine  at  once,  both 
in  the  light  and  in  the  dark. 

Action  of  Air  on  Hot  Cup'ous  Iodide. — It  was  desirable  to  find  the 
lowest  temperature  at  which  iodine  could  be  liberated  in  sufficient 
quantity  to  be  condensed  and  collected,  so  that  the  chance  of  volatilisa- 
tion of  cuprous  iodide  might  be  minimised  (cuprous  iodide  boils  at 
759 — 772°)  ;  below  200°,  iodine  was  liberated  only  very  slowly,  but 
between  220°  and  240°,  a  continuous  stream  of  violet  vapour  was 
carried  forward  and  condensed  in  beautiful  crystals  upon  the  con- 
denser. Three  experiments  were  made  to  test  whether  the  whole  of 
the  iodine  was  expelled.  In  I,  2-5249  grams  of  cuprous  iodide  were 
heated  at  230— 240°  for  11  hours;  in  II,  ITIOI  grams  were  heated 
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to  400°  for  18  hours,  and  in  III,  the  cuprous  iodide  was  heated  at 
380°.  In  I,  0*42,  and  in  II,  0'15  per  cent,  of  the  iodide  remained  un- 
decomposed.  In  No.  Ill,  the  effluent  vapours  were  passed  into  standard 
solutions  of  sodium  thiosulphate,  which  wei'e  afterwards  titrated  with 
standard  iodine  sohitiou  ;  it  was  found  that  22  per  cent,  of  the  iodine 
in  the  cuprous  iodide  was  liberated  in  the  first  half-hour,  54  per  cent, 
in  the  second  half-hour,  and  19  per  cent,  in  the  third  half- hour,  or  95 
per  cent,  in  1 1  hours  ;  whilst  after  6  hours  more  a  small  amount  of 
iodine  was  still  left  in  combination. 

It  is  clear,  therefore,  that  it  is  not  easy  to  liberate  the  lohole  of  the 
iodine  from  a  given  quantity  of  cuprous  iodide,  otherwise  the  relation 
Cuplo  :  2CuO  wovild  connect  in  a  way  capable  of  exact  determination 
the  atomic  weights  of  coppei',  iodine,  and  oxygen.  Further  experi- 
ments are  being  made  on  this  point. 

Influence  of  Moisture  on  the  Liberation  of  Iodine. — When  cuprous 
iodide  was  heated  at  240°  in  air  dried  by  passing  it  slowly  through 
strong  sulphuric  acid,  iodine  was  readily  evolved.  Experiments  were 
then  made  to  find  whether  air  which  had  been  more  carefully  dried 

Fig.  2. 
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had  the  same  effect.  Tubes  of  the  shape  shown  in  the  figure,  made 
from  soft  glass  tubing,  were  dried  by  heating  them  to  200°,  and 
passing  air  dried  by  calcium  chloride  through  them.  A  plug  of  glass 
wool,  which  had  been  di"ied  at  200°  for  some  hours,  was  placed  at  B, 
and  the  end  A  sealed.  By  means  of  a  thistle  funnel,  about  1  gram 
of  finely  divided  cuprous  iodide,  which  had  previously  been  fused  and 
then  allowed  to  cool  in  a  current  of  carbonic  anhydride,  was  intro- 
duced into  C,  and  a  plug  of  glass  wool  placed  in  D.  A  layer  of 
phosphoric  anhydride  was  next  placed  in  E,  and  another  plug  of  glass 
wool  at  F  ;  the  open  end,  G,  was  then  drawn  out,  but  not  sealed.  Two 
similar  tubes  were  made  ;  these  were  exhausted  by  a  mercury  pump 
and  then  sealed.  Both  tubes  were  heated  for  10  days  in  a  steam 
oven,  and  allowed  to  remain  for  four  weeks  more  at  the  ordinary 
temperature. 

In  one  of  the  tubes,  the  bulb  C,  containing  the  cuprous  iodide,  was 
heated  at  400°  for  one  hour,  but  no  trace  of  iodine  vapour  could  be 
seen. 

Air  which  had  been  dried  over  phosphoric  anhydride  was  intro- 
duced into  the  other  tube,  which  was  then  again  sealed.  After  two 
weeks,  this  second  tube  was  heated  to  230°,  when  violet  vapours  were 
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at  once  freely  evolved  and  condensed  on  the  cool  portions  of  the  tube. 
The  experiments  were  repeated  with  similar  results.  It  seemed,  there- 
fore, that  the  presence  of  vrater  vapour  was  not  essential  to  the  action 
of  air  on  cuprous  iodide. 

In  order  to  ascertain  whether  water  vapour  alone  had  any  action 
on  cuprous  iodide,  steam  was  passed  over  hot  cuprous  iodide,  but  no 
iodine  was  liberated  even  when  the  iodide  was  fused. 

Purity  of  the  Iodine  Pr&pared  from  Cu2)rous  Iodide. — Iodine  liberated 
as  desci'ibed  from  cuprous  iodide  at  a  temperature  of  240°  might 
conceivably  contain  a  small  quantity  of  some  substance  which  would 
not  be  volatile  at  a  much  lower  temperature,  iodic  anhydride,  for 
example.  Some  of  the  iodine,  2*7529  grams,  was  therefore  introduced 
into  a  short  glass  tube  open  at  both  ends,  which  was  placed  within  a  long 
wide  tube  heated  to  75°,  and  a  slow  current  of  air  passed  through  ; 
after  heating  during  four  hours,  a  slight  brown  residue  was  left  on  the 
tube,  weighing  0*3  milligram.  It  was  found,  however,  that  this 
residue  was  due  to  impurities  in  the  air,  as  when  the  air  passed  over 
the  cuprous  iodide  and  that  in  which  the  iodine  volatilised,  was  filtered 
through  cotton  wool,  the  surface  of  the  tube  remained  perfectly  clean, 
and  no  change  of  weight  could  be  detected. 

In  order  to  show  that  the  iodine  did  not  contain  any  compound  of 
copper,  the  violet  vapours  liberated  from  cuprous  iodide  at  240°  were 
mixed  with  coal  gas  and  air  and  the  mixed  gases  burnt  at  the  mouth  of 
a  glass  tube.  On  examining  the  flame  spectroscopically,  no  evidence  of 
the  characteristic  copper  bands  could  be  detected,  whilst  they  at 
once  became  visible  when  a  copper  wire  was  held  in  the  flame. 

The  melting  point  (uncorrected)  of  the  iodine,  determined  in  the 
usual  way,  was  found  to  be  112'5 — 114°.  It  has  a  blacker  appearance 
than  commercial  iodine,  and  does  not  so  readily  emit  violet  vapours. 

Cooiclusions. 
From  the  results  of  these  experiments,  it  is  evident — 

1.  That  cuprous  iodide  can  be  prepared  free  from  cuprous  bromide 
or  chloride. 

2.  That  cuprous  iodide  can  be  heated  without  decomposition  and 
completely  dried  in  an  atmosphere  of  carbonic  anhydride. 

3.  That  when  dry  air  is  passed  over  cuprous  iodide  heated  at  240° 
the  iodine  is  liberated  and  can  readily  be  condensed. 

4.  That  the  iodine  obtained  in  this  way  is  free  from  any  compound 
of  copper. 

Whether  such  iodine  is  as  pure  or  not  as  that  prepared  by  Stas  by 
other  methods,  in  which  one  main   difficulty  was  the   drying  of  the 
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iodiue  and  the  removal  of  hydriodic  acid,  it  appears  desirable  to  re- 
determine the  atomic  weight  of  the  element  prepared  by  this  entirely 
distinct  method. 

It  may  be  added  that  iodine  is  also  readily  liberated,  in  a  similar 
way,  from  palladious  iodide,  but  owing  to  the  costliness  of  this  sub- 
stance a  detailed  examination  of  the  action  has  not  been  made. 

Owens  College  and  Ackworth  School, 
Janitanj,  1898. 


TX. — Action  of  Alkalis  on  Amides. 

By  Julius  B,  Cohen,  Ph.D.,  and  Charles  Edward  Brittain,  B.Sc, 
The  Yorkshire  College. 

Cohen  and  Archdeacon  (Trans.,  1896,  69,  91)  have  shown  that  many 
amides  of  aromatic  bases  form  additive  compounds  with  sodium  alco- 
holates  containing  1  mol.  of  amide  in  combination  with  1  mol.  of  the 
alcoholate. 

That  analogous  compounds  might  exist  containing  sodium  or  potas- 
sium hydroxide  in  place  of  the  alcoholate  was  a  natural  inference, 
but  every  attempt  to  prepare  them  by  the  usual  method  employed 
in  the  case  of  the  alcoholates  was  unsuccessful.  In  the  latter  case,  the 
addition  of  the  alcoholate  to  the  amide  suspended  in  ether,  as  a  rvile, 
yielded  a  clear  solution,  which,  after  a  short  time,  deposited  the  crystal- 
line additive  compound.  If  powdered  caustic  soda  is  added  to  acetani- 
lide  dissolved  in  ether,  the  alkali  remains  undissolved,  and  on  filtering 
and  evaporating  the  solution,  the  unchanged  amide  is  deposited.  An 
attempt  to  precipitate  the  additive  compound  by  adding  a  concentrated 
alcoholic  solution  of  the  alkali  to  the  ethereal  solution  of  the  amide 
proved  equally  unsuccessful,  the  mixture  remaining  perfectly  clear,  and 
on  evaporation  at  the  ordinary  temperature  depositing  a  iiocculent  pre- 
cipitate, which  did  not  invite  fvirther  investigation.  We  then  adopted 
another  method  which  had  been  found  useful  in  the  preparation  of 
alcoholates  where  the  amide  was  only  slightly  soluble  in  ether.  In 
this  case,  the  powdered  sodium  alcoholate  was  added  to  the  powdered 
amide  suspended  in  ether,  and,  after  shaking  well,  the  liquid  was 
filtered  ;  on  standing,  the  additive  compound  crystallised  from  the 
clear  solution.  During  the  process  of  shaking  caustic  soda  with  acet- 
anilide  in  ether,  a  very  noticeable  change  was  observed.  Both  powdered 
caustic  soda  and  acetanilide  alone,  after  being  shaken  up  in  ether, 
rapidly  subside ;  but  when  the  two  are  mixed  together,  a  bulky,  light, 
and  apparently  homogeneous  powder  is  produced  quite  distinct  in  charac- 
ter from  either  constituent.     On  filtering,  a  small  quantity  of  a  crys- 
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talline  deposit  appeared  in  the  ether,  which,  when  decomposed  with 
water,  gave  a  strongly  alkaline  reaction,  but  the  analytical  results  ob- 
tained with  different  preparations  did  not  agree,  and  the  quantity  of 
alkali  was  invariably  too  low.  Exactly  the  same  thing  occurred  in  the 
case  of  paracetotoluidide. 

In  spite  of  these  indefinite  results,  the  existence  of  additive  com- 
pounds seemed  sufficiently  clearly  indicated  to  justify  further  experi- 
ments. It  appeared  probable  that  an  amide  more  soluble  in  ether  than 
either  acetanilide  or  paracetotoluidide  might  be  more  suitable  for  the 
purpose,  and  this  view  has  proved  to  be  correct. 

We  first  selected  paracetobromotoluidide,  as  it  is  comparatively  soluble 
in  ether,  and,  although  the  yield  was  small,  we  obtained  very  satisfac- 
tory results  by  a  method  similar  to  that  just  described.  After  repeated 
trials,  with  the  object  of  improving  the  yield  by  the  use  of  different 
solvents,  we  returned  to  the  original  method,  which,  with  slight  modi- 
fications, has  been  adopted  throughout. 

An  excess  (about  1  gram)  of  clean  caustic  soda  is  placed  in  a  mortar 
under  a  layer  of  diy  ether  and  finely  powdered ;  1  gram  of  the  amide 
in  powder  is  then  added  and  well  mixed  with  the  alkali  for  a  few 
moments.  The  sodium  hydroxide  compound,  like  the  alcoholate  com- 
pound, first  dissolves  and  then  rapidly  crystallises  out.  By  selecting 
the  moment  at  which  solution  occurs,  and  filtering  before  the  new  com- 
pound has  time  to  separate,  a  clear  solution  is  obtained  which  immedi- 
ately begins  to  deposit  crystals.  The  mixture  is  filtered  into  a  weighed 
flask,  the  ether  is  decanted  as  soon  as  the  crystals  have  separated,  and 
the  latter,  after  being  washed  once  or  twice  with  ether  by  decantation, 
are  dried  in  a  vacuum  and  weighed.  The  substance  is  then  decomposed 
by  water  and  the  amount  of  alkali  determined  by  titration  with  deci- 
normal  hydrochloric  or  oxalic  acid  solution. 

In  all  cases,  well-defined  crystals  were  obtained,  and  occasionally 
transparent  needles  a  quarter  of  an  inch  long. 

These  compounds  exhibit  considerable  differences  in  solubility  in 
ether.  Thus  the  sodium  hydroxide  compound  of  acetanilide,  paraceto- 
toluidide, and  a-acetonaphthalide  ai'e  nearly  insoluble,  whei'eas  those 
obtained  from  ortho-  and  para-acetobromotoluidide  and  potassium 
hydroxide  only  deposit  the  additive  compound  on  concentrating  the 
ethereal  solution  ;  apparently  the  potassium  hydroxide  compounds  are 
much  more  soluble  than  the  corresponding  sodium  hydroxide  compounds. 

They  are  all  decomposed  by  water,  or  more  or  less  rapidly  in  contact 
with  moist  air,  and,  like  the  corresponding  alcoholates,  may  be  dis- 
sociated, not  only  in  boiling  ether,  but  even  in  some  cases  by  washing 
with  cold  ether ;  this  occurs  notably  in  the  case  of  the  bromine  deriva- 
tives of  the  amides,  probably  by  reason  of  their  greater  solubility, 
whereas  the  amides  themselves  are  not  affected  in  this  way. 
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The  following  amides  appear  to  form  additive  compounds  with  caustic 
soda,  but  only  those  have  been  analysed  which  gave  a  satisfactory 
yield  of  the  pure  product. 

Acetanilide,  acetobromanilide,  acetiodanilide,  paracetotoluidide,  par- 
acetobromotoluidide,  orthoacetotoluidide,  orthoacetobromotoluidide,  a- 
acetonaphthalide,  a-acetobromonaphthalide,  /3-acetonaphthalide,  /3-aceto- 
bromonaphthalide. 

The  potassium  hydroxide  compounds  of  ortho-  and  para-acetobromo- 
toluidides  have  also  been  investigated. 

It  would  have  been  a  simple  matter  to  have  multiplied  examples ; 
but  the  results  obtained  convinced  us  that  the  reaction  was  of  a  general 
charactez",  and  that  the  compounds  were  of  a  perfectly  definite  type. 

Apax't  from  a  certain  theoretical  interest  which  attaches  to  these 
compounds  and  which  is  discussed  further  on,  they  form  a  class  which, 
we  believe,  has  no  analogues  among  inorganic  or  organic  substances, 
for  they  may  be  regarded  as  containing  the  sodium  and  potassium 
hydroxide  in  the  loose  form  of  combination  which  is  exhibited  by 
water,  alcohol,  or  benzene  of  crystallisation. 

Another  point  of  interest  is  the  fact  that,  as  the  alkali  readily  dis- 
solves in  ether  in  presence  of  certain  of  the  amides,  and  as  the  former 
retains  its  alkaline  character  unchanged  in  this  solution,  an  ethereal 
solution  of  caustic  alkali  is  thereby  obtained,  which  may  be  found  ap- 
plicable as  a  reagent  where  aqueous  or  alcoholic  potash  or  soda  do  not 
fulfil  the  requirements  of  the  reaction.  We  have,  for  example,  at- 
tempted to  prepare  glycol  from  ethylenic  bromide  in  this  manner.  On 
boiling  up  an  ethereal  solution  of  paracetobromotoluidide  potassium 
hydroxide  with  rather  more  than  the  calculated  quantity  of  ethylenic 
bromide  for  several  hours,  potassium  bromide  separated,  and  the  liquid 
became  neutral ;  the  potassium  bromide,  after  being  collected  and  care- 
fully washed  with  ether,  was  extracted  with  a  small  quantity  of  pro- 
pylic  alcohol  in  the  cold,  and  the  alcohol  filtered  and  evaporated,  when 
a  small  quantity  of  a  viscid  liquid  was  left.  As  the  ethereal  solution 
might  also  contain  a  little  glycol,  it  was  shaken  up  with  water  ;  on 
evaporating  the  water,  a  few  crystals  of  acetobromotoluidide  separated 
(m.  p.  118°),  together  with  some  globules  of  liquid.  The  latter  were 
separated  by  again  extracting  with  water  and  evaporating,  but  the 
liquid  thus  obtained  was  so  small  in  quantity  that  it  could  not  be 
further  examined,  although  it  is  not  improbable  that  the  substance  is 
glycol.  By  the  action  of  chloroform  on  boiling  ethereal  solution  of  ortho- 
acetobromotoluidide sodium  hydroxide,  the  liquid  became  neutral,  and 
sodium  chloride  mixed  with  a  crystalline  compound  separated.  There 
was  a  faint  smell  of  isocyanide,  but  no  formic  acid  was  formed.  The 
compound  which  separated,  along  with  the  common  salt,  was  at  first 
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thought  to  be  acetobiomotoluidide  as  it  bad  the  same  melting  point, 
but  it  is  much  less  soluble  in  ether,  and  insoluble  in  boiling  water ; 
moreover,  it  crystallises  in  feathery  tufts  and  not  in  needles.  "We 
briefly  mention  these  facts,  as  some  little  time  may  elapse  before  it  Avill 
be  possible  to  continue  this  investigation. 

Pcvracetohromanilide  sodium  hydroxide,  C^H^Br'NH'CgHgO.NaOH. 
— One  gram  of  finely  powdei'ed  acetobromanilide  was  added  to  an  excess 
of  caustic  soda  finely  ground  under  ether,  and  the  whole  well  mixed. 
The  ether  was  then  filtered  into  a  weighed  flask,  corked,  and  allowed 
to  stand  12  hours ;  after  decanting  the  ether  from  the  crystalline 
deposit,  the  latter  was  dried  in  a  vacuum,  weighed,  and  analysed. 

0-183  gram  required  6'8  c.c.  of  N/10  oxalic  acid.     Na  =  8-55  per  cent. 
C^,H4Br-NH-C2H30,NaOH  requires  Na  =  9-0  per  cent. 

Paracetohromotoluidide  sodium  hydroxide, 

CHg-CgHg-Br-NH-CgHgO.NaOH, 
was  prepared  as  above  described,  but  crystallised  from  the  ethereal 
solution  more  readily  than  the  corresponding  anilide.     The  following 
results  were  obtained. 

I.  0"192  gram  required  7  5  c.c.  N/10  hydrochloric  acid.     Na  =  8-9. 
11.  0-214      „  „        8-1         „  „  Na  =  8-7. 

III.  0-115       „  „        4-6         „  „  Na  =  9-0. 

IV.  0-124      „  „        4-7         „  „  Na  =  8-7. 
The  average  on  the  four  determinations  is  Na  =  88  per  cent. 

CH^-CgHgEr-NH-C^HgCNaOH  requires  Na  =  8-6  per  cent. 

Paracetohromotoluidide  potassium  hydroxide, 

CHy-  CgHgBr-NH-  CgH.CKOH, 
is  very  soluble  in  ether,  for  the  whole  of  the  amide  in  combination 
with  the  potassium  hydroxide  dissolves.  One  gram  of  the  acetobromo- 
toluidide  was  ground  up  with  an  excess  of  potash  under  ether,  filtered, 
and  the  ether  evaporated  in  a  vacuum;  the  residue  weighed  1-223 
grams  (calculated  1-24  grams).  It  is  a  comparatively  stable  com- 
pound, and  requires  to  be  boiled  with  water  some  time  before  it  is 
completely  decomposed  ;  the  residue  on  titration  required  38  c.c.  N/10 
oxalic  acid;  K=121  per  cent,  (calculated  13-7).  A  purer  product 
was  prepared  by  partially  evaporating  the  ether,  allowing  a  portion  of 
the  compound  to  crystallise,  and  draining  this  on  a  porous  plate.  The 
following  results  were  then  obtained. 

I.  0  401  gram  required  14  c.c.  N/10  oxalic  acid.     K  =  13-6  per  cent. 
II.  0-3355    „  „        11-6       „  „  K=13-5 

CH.5-CoH3Br'NH-C2H30,KOH  requires  K-  137  per  cent. 
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Orthoacetotoluidide  sodium  hydroxide,  CHo/CgH^'NH-CgHgOjNaOH, 
which  was  prepared  in  the  usual  way,  on  titration  with  N/10  oxalic 
acid,  gave  Na  =  12"2  per  cent,  in  each  of  two  experiments. 

CH3-C6H4-NH-C2H50,NaOH  requires  Na  =  12-17  per  cent. 

Orthoacetobromotoluidide  sodium  hydroxide, 

CHg-C^^HgBr-NH-CoHgCNaOH, 
is  very  soluble  in  ether,  and  considerable  difficulty  was  experienced  in 
obtaining  a  pure  preparation.  When  the  ethereal  solution  was  eva- 
porated, some  of  the  free  toluidide  crystallised  at  the  same  time,  and 
the  percentage  of  sodium  was  generally  about  1  per  cent,  too  low. 
Attempts  to  precipitate  the  compound  by  adding  to  the  ethereal  solu- 
tion indifferent  solvents  such  as  chloroform  or  benzene  proved  fruit- 
less. The  following  method  was  finally  adopted  ;  the  sodium  hydroxide 
was  powdered  under  about  10  c.c.  of  ether,  transferred  to  a  flask, 
and  the  acetobromotoluidide  added  in  quantities  of  about  0"25  gram, 
being  well  shaken  after  each  addition.  The  toluidide  dissolved  readily 
at  first,  more  slowly  after  0'75  gram  had  been  added,  and  very  soon 
crystallisation  of  the  sodium  hydroxide  compound  was  observed.  At 
this  point,  the  liquid  was  rapidly  filtered,  and  left  to  crystallise. 

0'089  gram  required  3"45  c.c.  N/IO  oxalic  acid.     lSra  =  8'9  per  cent. 
CH3-C6H3Br-NH-C2H30,NaOH  requires  Na  =  8-6  percent. 

Orthoacetobromotoluidide  2)otassium  hydroxide, 

CHg-CgHgBr-NH-C^HgO.KOH, 
like  the  para-compound,  is  exceedingly  soluble  in  ether,  but  differs  from 
the  latter  in  forming  a  non-crystalline  glassy  mass  on  evaporating  the 
ethereal  solution  ;  it  was  therefore  impossible  to  purify  the  product. 
Like  the  para-compound  also,  it  is  only  slowly  decomposed  by  water, 
and  requires  to  be  boiled  with  it  for  some  time  before  complete  decom- 
position is  effected.  A  rough  determination  of  the  composition  of  the 
substance  was  effected  by  shaking  up  0*25  gram  of  the  amide  with  an 
excess  of  potash  in  ether,  filtering,  evaporating  the  ether,  and  titrating 
the  product.  It  required  9"85  c.c.  N/10  oxalic  acid.  K  =  12'4  per 
cent,  (calculated  13 '7  per  cent.).  The  low  result  is  no  doubt  due  to 
presence  of  uncombined  amide. 

a-Acetonaphthalide  sodium  hydroxide,  Cj^QlIy*NH*CoHoO,NaOH,  crys- 
tallises very  rapidly,  and  the  ethereal  solution  must  be  filtered  as 
quickly  as  possible  after  mixing  the  amide  with  the  alkali.  A  mean 
of  four  titrations  with  N/10  hydrochloric  acid  gave  Na  =  10"23. 
CjoH7'NH-CoH30,NaOH  requires  Na=  10-2  per  cent. 

a-Acetohromonaj)hthcdide  sodium  hydroxide, 

0,oHgBr-NH-C2H30,NaOH, 
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is  fairly  soluble  in  ether  and  crystallises  slowly  on  standing.  A  mean 
of  three  titrations  with  N/10  oxalic  acid  gave  Na  =  7'5  per  cent. 
CioHgBr-NH-CaHgO.NaOH  requires  Na  =  7-5  per  cent. 

/3-Acetonaphthalide  sodium  hijdroxide,  CjoH--NH-C2H30,NaOH.— The 
mean  of  four  titrations  with  N/10  oxalic  acid  gave  Na=  10-2  per  cent. 
CioH.-NH-(\H30,NaOH  requires  Na  =  10-2  per  cent. 

l3-Acetob7'07nona2)hthalide  sodium  hydroxide, 

C^oHeBr-NH-CgHgO.NaOH, 
dissolves  easily  in  ether,  but  does  not  crystallise  readily,  and  a  pure 
product  could  not  be  obtained. 

On  account  of  the  ready  solubility  of  the  potash  compound  of 
paracetobromotoluidide  in  ether,  it  was  chosen  in  order  to  study  the 
action  of  various  reagents  on  it.  When  iodine  dissolved  in  ether  is 
allowed  to  drop  into  an  ethereal  solution  of  the  potash  compound  it  is 
immediately  decolorised,  and  a  crystalline  mixture  of  potassium  iodide 
and  iodate  separates.  The  action  of  iodine  on  the  substance  is  there- 
fore the  same  as  on  aqueous  potash.  A  small  quantity  of  iodoform 
was  also  detected  ;  and  this,  which  was  also  observed  in  the  case  of 
acetanilide  sodium  methoxide,  is  probably  due  in  both  cases  to  the 
decomposition  of  the  ether  in  presence  of  the  alkali. 

By  the  action  of  acetic  chloride  in  slight  excess  in  the  cold,  both 
potassium  chloride  and  potassium  acetate  were  formed,  so  that  both 
free  acetic  acid  and  free  hydrochloric  acid  must  be  produced  at  the 
same  time.  Benzoic  chloride  acts  similarly  ;  the  theoretical  quantity  of 
benzoic  chloride  yielded  a  mixture  of  potassium  chloride  and  benzoate, 
tocrether  with  free  hydrochloric  and  benzoic  acids.     Thus  : 

1.  CHo-0.-,H3Br-NH-aH30,KOH  +  CgHj-COCl 

=  CHg-CeHgBr-NH-CgH^O  +  CgHj-COOH  +  KCl. 

2.  CH/CcHoBr-NH-CgHsCKOH  +  C.Hj-COCl 

=  c'H3-C^H3Br-Nli-CoH30  +  HCl  +  C,H. -COOK. 

The  theoretical  bearings  of  these  compounds  on  the  constitution  of 

the  amides  has  been  discussed  in  the  paper  by  Cohen  and  Archdeacon 

(loc.  cit.) ;  what  has  been  stated  there  applies  with  equal  force  in  the 

present  case.     If  we  are  to  regard  these  substances  as  anything  more 

than   '  molecular '  compounds,  the  following  formula  must  be  assigned 

R'-N-Na 
to  them,  f,TT    r^/,-\TLT\  }  ^ov  there   can  be   no  doubt  as   to  the   strict 

analogy  which  exists  between  them  and  compounds  of  the  amides  with 
.sodium  alcoholate. 

This  constitution  of  the  sodium  alcoholate  compound  has  recently 
been  disputed  by  Hantzsch  {Annalen,  1897,  296,  p.  61)  who  prefers  the 
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E-NH 

following  formula,  |      ^^^     ,  but  this  view  can   scarcely   be 

reconciled  with  the  fact  that,  by  heating  the  substance  on  the  water 
bath,  it  loses  a  molecule  of  alcohol  and  yields  sodium  acetanilide 
(Seifert,  Ber.,  1885,  18,  1358),  and  that  the  latter,  by  the  action  of 
methylic  iodide,  can  be  readily  converted  into  methylacetanilide  and 
finally  into  methylaniline. 

Hantzsch's  formula  would  necessitate  a  molecular  change  of  a  very 
complex  character,  which  is  scarcely  justified  by  the  facts. 


X. — Formation   of   Monomethylaniline   from 
Dimethylaniline. 

By  Julius   B.    Cohen,    Ph.D.,   and   Harry   T.    Calvert,  B.Sc,  The 
Yorkshire  College. 

The  conversion  of  a  tertiary  aromatic  base  into  a  derivative  of  a  secondary 
base  has  been  observed  by  Hess  [Ber.,  1885,  18,  p.  685),  who  found 
that,  by  boiling  dimethylaniline  with  benzoic  chloride,  benzoylmethyl- 
aniline  is  formed,  and  the  methyl  group  eliminated  as  methylic  chloride. 
A  similar  reaction  was  described  by  Staedel  [Ber.,  1886,  19,  1947), 
who  showed  that  acetic  bromide  converts  dimethylaniline  into  acetyl- 
methylaniline.  In  neither  case  are  the  yields  given.  We  find  that  the 
conversion  of  dimethyl-  into  monomethyl-aniline  may  be  effected  in 
quite  another  way. 

In  attempting  to  elucidate  the  constitution  of  the  substance  which 
we  described  a  short  time  ago  under  the  name  of  phenylnitrocarhinol 
(Trans.,  1897,  71,  1050),  we  studied  its  behaviour  with  various 
substances,  and  found  that,  in  most  cases,  its  action  closely  resembled 
that  of  nitrous  acid,  which  is  scarcely  remarkable,  seeing  that  phenyl- 
nitrocarhinol evolves  nitrous  fumes  on  standing.  Its  action  on 
dimethylaniline  is,  however,  sufficiently  curious  to  merit  a  brief 
description. 

On  adding  phenylnitrocarhinol  to  an  equivalent  quantity  of  dimethyl- 
aniline, the  mixture  becomes  very  dark  coloured,  and  the  temperature 
rises  rapidly,  whilst  at  the  same  time  there  is  a  rapid  evolution  of 
nitrogen  gas  entirely  free  from  carbon  dioxide. 

This  evolution  of  gas  occurs  whether  the  mixture  is  cooled  down  or 
allowed  to  become  hot,  and  the  quantity  appears  to  be  independent  of 
temperature  and,  within  certain  limits,  of  the  amount  of  dimethylaniline 
present. 

M   2 
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In  one  experiment,  1-0015  grams  of  phenylnitrocarbinol  and  2  grams 
of  dimethylaniline  gave  13-5  c.c.  of  gas,  and,  in  a  second  experiment, 
•  performed  under  similar  conditions,  2-2225  grams  of  the  nitrocarbinol  gave 
27  c.c.  of  gas,  the  proportion  of  substance  and  gas  being  in  both  cases 
the  same.  The  product  of  the  action,  which  is  deep  red  by  transmitted 
light  and  a  deep  green  by  reflected  light,  was  mixed  with  sufficient  hydro- 
chloric acid  to  combine  with  the  unchanged  dimethylaniline,  and  then 
extracted  with  ether.  By  adding  sodium  carbonate  to  the  acid  solution 
and  distilling  with  steam,  the  unchanged  dimethylaniline  could  be 
recovered ;  the  tarry  liquid  which  remained  in  the  distilling  vessel  did 
not  invite  further  investigation. 

The  ethereal  extract  contains  benzaldehyde,  benzylic  alcohol,  and 
nitrosomethylaniline.  Four  experiments,  in  each  of  which  30  grams 
of  phenylnitrocarbinol  were  employed,  gave  on  the  average  5  grams 
of  benzaldehyde,  4-5  grams  of  benzylic  alcohol,  and  5-5  grams  of 
nitrosomethylaniline.  Thus  about  half  of  the  nitrocarbinol  disappears, 
and  is  probably  represented  by  the  tarry  material  already  referred  to. 
That  the  nitrosomethylaniline  is  not  due,  as  was  at  first  supposed, 
to  the  presence  of  methylaniline  in  the  dimethylaniline  used,  was  shown 
by  the  fact  that  a  sample  of  dimethylaniline  which  had  been  carefully 
freed  from  monomethylaniline  gave  a  result  precisely  similar  to  the 
above. 

The  three  substances  contained  in  the  ether  were  separated  and 
identified,  as  follows.  The  ethereal  extract  was  treated  with  sodium 
hydrogen  sulphite  solution  until  nothing  further  crystallised.  The 
ethereal  solution  was  then  separated  from  the  bisulphite  compound,  the 
ether  removed  by  distillation,  and  the  residue  distilled  with  steam  ;  an 
oil  of  a  yellow  colour,  and  possessing  the  fragrant  smell  of  nitroso- 
methylaniline, passed  over,  leaving  a  yellow,  crystalline  compound  in 
the  distilling  flask,  and  this,  when  recrystallised  from  water,  formed 
brilliant,  golden  plates  which  melted  with  decomposition  at  150°.  The 
minute  quantity  of  this  crystalline  compound  precluded  its  further 
investigation. 

The  nitrosomethylaniline  was  extracted  from  the  distillate  by  ether, 
the  ether  removed,  and  the  residual  oil  warmed  with  2^  times  its 
weight  of  stannous  chloride  previously  dissolved  in  three  times  the 
quantity  of  strong  hydrochloric  acid  ;  the  nitrosomethylaniline  is  thus 
reduced  to  methylaniline  and  remains  in  solution,  whereas  the  whole 
of  the  benzylic  alcohol  is  converted  into  benzylic  chloride  and  separates 
as  an  oil.  The  liquid  is  then  diluted  with  water  and  distilled  in  a  current 
of  steam.  The  benzylic  chloride  which  distils  was  identified  by  convert- 
ing it  into  benzaldehyde,  and  the  latter  into  the  phenylhydrazone 
melting  at  153°.  The  solution  of  methylaniline  was  made  alkaline 
with  caustic  soda,  extracted  with  ether,  and  the  ethereal  solution, 
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after  dehydrating  over  potash,  was  distilled ;  the  methylaniline  thus 
obtained  was  then  converted  into  the  platinochloride,  which  gave  the 
following  result  on  analysis. 

0-1358  gave  0-0438  Pt.    Pt  =  31-2  per  cent. 

(C7H:9N)o,H2PtClg  requires  Pt  =  31-4  per  cent. 

It  is  difficult  to  formulate  in  any  satisfactory  fashion  the  above 
reaction.  If  we  assume  that  the  half,  of  the  nitrocarbinol  which  is 
converted  into  tar,  has  been  oxidised  at  the  expense  of  the  other  half, 
then  the  equation 

4C7H7NO3   =   2C7HSO  +  2C7HgO     +     N2      +        2N0     +     30^ 

Phenybiitro-  Beuylic  Benz-  Given  off  Forming 

carbiuol.  alcohol.         ablehyde.  as  free       niti'osomethyl- 

nitrogen.  aniline. 

will  represent  very  closely  the  quantities  involved.  What  becomes  of 
the  methyl  group  which  is  detached  from  the  dimethylaniline  cannot 
be  at  present  explained,  seeing  that  no  carbon  dioxide  is  formed. 

The  evolution  of  nitrogen  is  generally  associated  either  with  the 
action  of  a  nitroso-  on  an  amido-group  or  with  the  decomposition 
of  a  diazo-compound,  which  practically  represents  an  intermediate 
stage  of  the  same  process.  As  there  appears  no  reason  to  anticipate 
the  formation  of  a  diazo-compound,  we  are  led  to  assume  that  the  first 
process  is  responsible  for  the  production  of  niti'ogen.  This  could  only 
occur  by  the  reduction  of  an  original  nitro-  or  nitroso-group  to  an 
amido-group,  that  is,  by  the  reduction  of  the  nitrocarbinol  to  benzyl- 
amine,  which,  by  the  action  of  nitrous  acid  evolved  from  another 
molecule  of  the  nitrocarbinol  would  produce  benzylic  alcohol,  whilst 
benzaldehyde  would  be  formed  simultaneously.  By  what  chemical 
change  the  reduction  occurs,  it  is  impossible  at  present  to  conjecture. 

Action  of  Nitrogen  Trioxide  on  Dimethylaniline. 

The  above  result  suggested  the  possibility  of  a  similar  reaction 
occurring  when  nitrogen  trioxide  acts  on  dimethylaniline  in  an  in- 
different solvent.  A  brief  reference  to  the  action  of  nitrogen  trioxide 
on  dimethylaniline  dissolved  in  alcohol  or  acetic  acid  occurs  in  a  paper 
by  Lippmann  and  Lange  {Ber.,  1880,  13,  2136),  in  which  they  state 
that  the  base  is  partly  converted  into  a  resinous  matter  (jjartielle 
Verharzung).  Having  a  small  quantity  of  the  trioxide  dissolved  in 
chloroform  at  hand,  the  gas  was  driven  over  into  a  solution  of  di- 
methylaniline dissolved  in  ether  by  a  current  of  nitric  oxide  in  order  to 
remove  traces  of  the  peroxide.  The  ether  rapidly  changed  colour, 
p  assing  from  green  to  black,  and  a  black  and  sticky  deposit  ultimately 
separated.     This  method  was  afterwards  modified,  and  liquid  nitrogen 
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trioxide*  was  allowed  to  drop  into  the  dimethylaniline  dissolved  in 
five  times  its  weight  of  dry  ether. 

Each  drop  of  the  trioxide  on  coming  in  contact  with  the  ether  pro- 
duced a  hissing  noise  lilie  a  red-hot  wire  plunged  into  water,  but  in 
spite  of  the  apparent  vigour  of  the  action,  there  was  a  scarcely  per- 
ceptible rise  of  temperature.  In  both  cases,  the  same  result  was 
obtained. 

In  order  to  test  the  product  for  nitrosodimethylaniline,  the  ether, 
which  was  coloured  brown,  was  decanted  from  the  black  deposit,  shaken 
with  hydrochloric  acid  to  remove  dimethylaniline,  the  ether  removed 
by  distillation,  and  the  residue  distilled  with  steam.  The  aqueous 
distillate  was  yellow ;  but  no  drops  of  oil  were  visible,  and  no  smell  of 
nitrosomethylaniline  could  be  detected.  The  distillate  was  extracted 
with  ether,  and  the  minute  quantity  of  residue  left  on  removing  the 
ether  gave  no  nitroso-reaction.  Nitrosodimethylaniline  is  therefore 
not  formed  by  this  reaction,  and  the  action  of  nitrogen  trioxide  is 
distinct  from  that  of  phenylnitrocarbinol. 

In  the  distilling  flask,  a  small  quantity  of  yellow,  needle-shaped 
crystals  separated,  which  were  apparently  identical  with  the  substance 
obtained  in  the  action  of  phenylnitrocarbinol  on  dimethylaniline,  and 
previously  referred  to. 

The  black,  tarry-looking  product,  although  of  such  an  uninviting 
appearance,  is  nevertheless  easily  purified  ;  it  was  first  extracted  with 
small  quantities  of  benzene  until  the  latter  was  nearly  colourless.  A 
little  resinous  matter  is  thereby  removed  ;  and  as  prolonged  boiling 
with  alcohol  decomposed  the  substance,  the  residue  was  repeatedly 
extracted  with  small  quantities  of  alcohol  just  heated  to  boiling.  On 
cooling,  long,  steel  blue  needles  separate  ;  these  decompose  with  slight 
explosion  when  heated,  evolving  nitrous  fumes.  The  substance  dis- 
solves readily  in  alcohol  and  in  water  with  a  bright  yellow  colour. 
On  boiling  with  glacial  acetic  acid  for  a  short  time,  a  rapid  evolution 
of  nitrous  fumes  takes  place,  and  the  product,  which  contains  nitrogen, 
when  poured  into  water  forms  a  yellowish-green,  crystalline  mass,  con- 
sisting of  fine  needles.  These,  when  recrystallised  from  dilute  alcohol, 
are  pale  brown,  and  melt  at  155 — 157°. 

As  these  products  are  I'eadily  obtainable,  we  have  thought  it  worth 
while  to  investigate  more  fully  this  somewhat  curious  reaction,  which 
we  reserve  for  a  future  communication. 

*  The  liquid  trioxi'le  is  most  conveniently  prepared  by  acting  upon  arsenic  trioxide 
with  ordinary  concentrated  nitric  acid,  whereby  a  considerable  quantity  of  peroxide 
is  forineil,  and  allowing  the  gas  to  meet  a  current  of  pure  and  dry  nitric  oxide  on  its 
way  to  the  cooled  receiver.  If  a  more  dilute  nitric  acid  is  used,  the  yield  is  very 
much  diminished,  as  the  gas  evolved  consists  mainly  of  nitric  oxide.  By  operating 
in  the  manner  described,  the  trioxide  is  obtained  of  a  pure  blue  colour. 


FENTON:   VOLUMETRIC   ESTIMATION    OF   SODIUM.  167 

It  is  interesting  to  note  the  entire  dissimilarity  between  the  action  of 
anhydrous  nitrogen  trioxide  and  that  of  its  aqueous  solution,  and  it 
seems  not  unlikely  that  analogous  results  may  be  met  with  in  the 
case  of  other  bases,  and  possibly  also  in  the  case  of  phenols. 


XL — Volumetric  Estimation  of  Sodium.. 
By  Henry  J.  Horstman  Fenton,  M.A. 

Titration  of  Dihydroxy tartaric  Acid  with  Potassium  Permanganate. 

When  a  few  drops  of  potassium  permanganate  solution  are  ruil  into  a 
solution  of  dihydroxy  tartaric  acid,  mixed  with  excess  of  dilute  sulphuric 
acid,  at  the  ordinary  temperature,  there  is  at  first  no  apparent  change. 
After  standing  for  a  few  minutes,  however,  the  colour  is  discharged, 
and  on  continuing  the  addition  of  permanganate,  the  action,  when  once 
started,  proceeds  rapidly,  the  behaviour  being  in  this  respect  analogous 
to  that  of  hydrogen  dioxide  when  similai'ly  treated.  The  change 
becomes  somewhat  slower  as  it  approaches  completion,  but  the  end 
point  is  well  marked  and  definite. 

The  relation  between  dihydroxytartaric  acid  and  permanganate  will 
be  seen  from  the  following  results.  Using  a  solution  of  permanganate 
containing  3 "200  grams  KMnO^  per  litre, 


Gram  acid  taken. 

c.c.  KMn04. 

Gram  KMuOj. 

Atoms  of  oxygen  re- 
quired for  1  mol.  acid. 

0-3160 

99-7 

0-31904 

2-90 

02932 

92-3 

0-29536 

2-90 

0-1409 

44-2 

0-14144 

2-89 

0-2506 

78-6 

0-25152 

2-89 

and  with  a  solution  containing  6-3374  KMnO^  per  litre, 

0-3145  49-9  0-31624  2-89. 

Taking  the  mean  of  these  five  observations,  1  gram  KMnOj^  =  0-99405 
gram  C^HgOg,  or  182  grams  C^H^Og  =  183-09  grams  KMnO^. 

If  the  acid  were  entirely  oxidised  to  carbon  dioxide  and  water 
3  atoms  of  oxygen  would  be  required  for  1  molecule  of  acid 

C^HeOg  +  30  =  4COo  +  3H2O. 

The  difference  observed  may  be  due,  in  part,  to  the  fact  that  an 
aqueous  solution  of  the  acid  undergoes  a  slight  decomposition,  even  at 
ordinary  tempei-atures,  into  tartronic  acid  and  carbdn  dioxide.  In  the 
experiments  recorded  in  a  former  communication  (Part  I.,  Trans.,  Jan., 
1898),  it  was  observed  that  small  quantities  of  carbon  dioxide  could  be 
traced  after  the  solution  had  been  standing  for  about  10  or  12  minutes, 
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and  this  is  about  the  usual  duration  of  the  experiment  when  titrating 
the  acid  with  permanganate.  It  is  true  that  tartronic  acid  also  reduces 
permanganate,  but  the  initial  stage,  at  the  ordinary  temperature,  is 
extremely  slow.  Thus  0-1625  gram  of  tartronic  acid  took  about  50 
minutes  to  bleach  1  c.c.  of  a  solution  of  permanganate  contaicing  0'0032 
KMnO^  per  c.c* 

In  any  case,  the  relation  between  dihydroxytartaric  acid  and  per- 
manganate is  a  perfectly  definite  one,  and  it  will  be  shown  that  the 
reaction  affords  a  very  convenient  method  for  the  estimation  of  the 
acid  or  its  salts. 

Volumetric  Estimation  of  Sodium. 

Bearing  in  mind  the  very  sparingly  soluble  character  of  sodium 
dihydroxy tartrate,  and  the  definite  relation  between  potassium  per- 
manganate and  dihydroxytartaric  acid,  it  appeared  probable  that  a 
simple  method  might  be  devised  for  the  quantitative  estimation  of 
sodium  by  a  volumetric  process. 

In  the  first  experiments,  measured  volumes  of  a  standard  solution 
of  pure  sodium  chloride  were  mixed  with  excess  of  dihydroxytartaric 
acid  dissolved  in  a  small  quantity  (about  10  c.c.)  of  water;  the 
mixture  was  made  just  ammoniacal  and  allowed  to  stand,  with  frequent 
stirring,  for  times  varying  from  10  to  75  minutes.  The  precipitated 
sodium  salt  was  then  collected,  and  after  being  drained  with  the  aid  of 
the  pump  was  washed  three  times  with  small  quantities  of  water, 
draining  well  each  time  ;  the  precipitate  was  then  dissolved  off  the  filter 
with  a  considerable  excess  of  dilute  sulphuric  acid,  and  the  mixture 
titrated  with  permanganate. 

In  recording  the  results,  it  will  be  convenient  to  denote  the  quanti- 
ties by  the  following  symbols. 

a  =  NaCl  taken  (gram) ;  6  =  KMnO^,  solution  required  (c.c.) ;  c  =  Na 
found  (gi-am)  ;  cZ  =  Na  calculated  (gram). 

In  the  first  trial  experiment,  the  precipitation  and  washing  were 
carried  out  at  the  ordinary  temjjerature. 

Strength  of  permanganate  solution  =  3'200  KMnO^  per  litre  (sol.  A). 
Strength  of  sodium  chloride  solution  =  49 '629  NaCl  per  litre. 

a.  h.  c.  d. 

0-24814  114-2  0-0918  0-0975 

*  The  differeuce  is  probably  due  also  to  traces  of  non-oxidisable  impurity  (water 
or  acetic  acid,  for  example)  iu  the  samples  of  dihydroxytartaric  acid  employed,  since 
subsequent  exiierinicnts  show  that  when  the  potassium  salt  is  used  instead  of  the 
free  acid,  the  oxygen  value  approaches  more  nearly  to  3  atoms.  The  potassium  .salt 
crystallises  extremely  well,  so  that  results  obtaiued  by  its  use  are  probably  more  trust- 
worthy. It  will  be  seen,  however,  that  the  numerical  value  of  the  oxygen  ratio  in 
no  way  affects  the  final  results  in  the  estimation  of  sodium. 
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It  has  been  previously  shown  (Part  I.),  in  the  experiments  on  titra- 
tion by  alkalis,  that  the  salts  of  dihydroxytartaric  acid  vindergo  a 
considerable  amount  of  decomposition  in  contact  with  water  at  the 
ordinary  temperature,  so  that  a  low  result  was  here  to  be  expected. 

In  the  following  experiments,  both  the  sodium  salt  and  the  di- 
hydroxytartaric acid  solutionswere  carefully  cooled  by  ice  before  mixing, 
the  mixture  was  allowed  to  stand  in  ice  during  precipitation,  and  the 
precipitate  was  washed  with  ice-cold  water.  The  advantage  of 
operating  at  0°  is  not  only  that  the  decomposition  of  the  salt  is 
prevented  (as  previously  shown),  but  that  the  solubility  of  the  sodium 
salt  at  this  temperature  is  exceedingly  small.  The  solubility,  as  will 
be  pointed  out  later  on,  is  0  039,  at  0°,  that  is,  100  parts  of  water 
dissolve  0'039  part  of  the  sodium  salt,  which  is  equivalent  to  0"0064 
part  of  sodium.  The  total  volume  of  the  filtrate  and  washings  in 
each  experiment  usually  amounts  to  about  25 — 40  c.c,  so  that,  even  in 
pure  water,  the  amount  of  sodium  dissolved  would  be  almost  negli- 
gible )  but  the  solubility  is  of  course  still  further  diminished  by  the 
presence  of  excess  of  dihydroxytartrate,  that  is,  in  a  solution  con- 
taining a  common  ion. 

a.  h.  c.  d. 

I.    0-24814  120-2  0-0966  0-0975 

II.    0-24814  60-5  0-0963  0-0975 

III  took  65-5  c.c,  and  IV  took  60-6  c.c.  of  permanganate. 

In  II,  III,  and  IV,  a  fresh  solution  of  permanganate  was  now 
employed,  containing  6-3375  KMnO^per  litre  (solution  B).  The  times 
of  precipitation,  in  minutes,  were  15,  25,  75,  and  45  respectively. 

Although  these  results  were  constant  and  not  much  below  the 
theoretical  values,  the  process  was  hardly  considered  satisfactory,  since, 
on  further  trial,  it  was  found  that  excess  of  ammonia  considerably 
vitiated  the  results,  and  exact  neutralisation  is  not  easy.  Experiments 
were  then  made  using  pui'e  potassiuin  carbonate  (prepared  from  potas- 
sium bitartrate)  in  calculated  quantity  for  neutralisation  in  place  of 
ammonia.  The  mixture  was  also  made  more  concentrated,  the  acid 
being  now  dissolved  in  about  2  c.c.  of  water,  instead  of  in  10  c.c.  A 
fresh  solution  of  sodium  chloride  was  prepared  containing  40  grams 
NaCl  per  litre,  the  permanganate  used  being  the  same  as  in  the 
previous  experiments  (solution  B).  Five  c.c.  of  NaCl  solution  were  used, 
as  before,  for  each  experiment. 

V.  0-200  52-1         0-0815         0-0786 

VI  took  53  cc,  and  VII  54  c.c.  The  times  of  precipitation 
were  30,  60,  and  150  minutes  respectively.     Using  twice  the  previous 
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proportion   of   dihydroxytartaric  acid  and  potassium  carbonate,   the 
results  were  still  higher,  VII  taking  57-3  c.c. 

Substituting  ammonium  carbonate  for  potassium  carbonate,  similarly 
high  results  were  obtained,   VIII  requiring  52'8  c.c. 

The  explanation  of  these  high  results  when  potassium  or 
ammonium  carbonates  are  used  in  concentrated  solutions  is  found  in. 
the  fact,  subsequently  discovered,  that  potassium  and  .immonium 
dihydroxytartrates,  although  fairly  easily  soluble  at  ordinary  tem- 
peratures, dissolve  with  difficulty  at  0°  and  thus  tend  to  contaminate 
the  precipitated  sodium  salt.  This  source  of  error  would  be  avoided, 
and  the  process  much  simplified,  by  employing  one  of  these  salts  for 
precipitation  instead  of  using  the  free  acid  and  subsequently 
neutralising. 

The  preparation  and  composition  of  the  potassium  and  ammonium 
salts  were  therefore  studied,  with  the  results  which  will  be  given  in  a 
subsequent  communication. 

The  potassium  salt  is  easy  to  prepare,  and  appears  to  be  quite 
permanent  if  kept  in  a  closed  vessel  (it  is  also  fairly  permanent  in 
the  air,  -for  some  days,  at  any  rate).  It  is  likewise  somewhat  less 
soluble  than  the  ammonium  salt,  so  that  its  use  does  not  involve  any 
danger  of  contamination  with  ammonium,  should  salts  of  the  latter 
be  present.  The  potassium  salt  is,  in  fact,  a  most  convenient  reagent 
both  for  the  qualitative  and  quantitative  estimation  of  sodium. 

Using  the  same   sodium    chloride  and  pei'manganate  (B)  solutions 
as  before,  and  precipitating  with  excess  (about  1|   equivalents)  of  the 
potassium  salt,  the  following  results  were  obtained. 
a.  h.  c.  d. 

0-200  49-4        00786         0-0786 

0-200  48-4         0-0770         0-0786 

0-200  48-8         0-0776         0-0786 

Since  measurement  of  the  strong  sodium  chloride  solution  was 
probably  hardly  sufficiently  accurate,  in  the  next  experiments  weighed 
quantities  of  sodium  chloride,  each  dissolved  in  5  c.c.  of  water,  were 
employed  instead  of  measured  volumes  of  standard  solution. 

a.  h.                  c.  d. 

0-0997  23-5  0-0374  00391 

0-1915  47-6  0-0757  00752 

0-4367  107-4  0-1710  0-1716 

The  process,  therefore,  when  conducted  in  this  manner,  evidently 
gives  satisfactory  results. 

The  permanganate  solutions  employed  so  far  had  been  standardised 
by  means  of  ammonium  oxalate,  and  the  results  were  calculated  from 
the  relations  shown  to  exist  between  permanganate,  dihydroxytartaric 
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acid    and    sodium.       In    preparing   a    fresh    permanganate    solution 
(solution  C)   for  subsequent  experiments,   it  appeared  that   the  most 
direct  way  would  be  to  standardise  the  solution  by  means  of    pure 
sodium  chloride.     The  following  were  the  observations. 
*S'=  strength  of  permanganate  (C)  in  grams  of  Na  ^?er  litre. 


a. 

b. 

s. 

0-2235 

49-4 

1-778 

0-1865 

40-4 

1-814 

0-3704 

79-9 

1-822 

0-3032 

66-2 

1-800 

Mean  of  the  four  experiments,  aS'=  1-805. 

This  solution  was  now  employed  for  the  estimation  of  sodium  in 
various  common  sodium  salts. 

Normal  Sodium  Sulphate. — This  was  a  commercially  pure  specimen 
recrystallised  and  ignited.  0-3472  gram  of  substance,  dissolved  in  about 
5  c.c.  of  water  and  precipitated  with  excess  (1  gram)  of  potassium  di- 
hydroxytartrate,  required  62-75  c.c.  of  permanganate  (C).  Na  Found 
=  3262  per  cent.,  Calculated  32-39  per  cent. 

Sodium  Nitrate. — Commercially  pure  specimen  recrystallised  and 
dried  at  100°.  0-3641  gram  of  substance  in  about  5  c.c.  of  water  pre- 
cipitated with  1-3  grams  of  potassium  salt,  required  55*2  c.c.  of  per- 
manganate (C).  Na  Found  =  27-36  per  cent.,  Calculated  27-05  per 
cent. 

Mixture  of  Sodium  Chloride  and  Magnesium  Sulphate. — Magnesium 
sulphate  gives  no  precipitate  with  potassium  dihydroxytartrate. 
0-2307  gram  NaCl  mixed  with  03  gram  MgS04,7H20  dissolved  in 
about  7  c.c.  of  water  and  precipitated  with  0-8  gram  of  potassium  salt, 
required  50-3  c.c.  permanganate  (C).  Na  Found  —  39-35  per  cent., 
Calculated  39-31  per  cent. 

The  presence  of  magnesium,  therefore,  does  not  interfere  with  the 
accuracy  of  the  sodium  estimation. 

Mixture  of  Sodium  Chloride  and  Ammonium  Chloride. — 0-3225  gram 
NaCl  mixed  with  0-4  gram  NH^Cl  dissolved  in  about  8  c.c.  of  water 
and  precipitated  with  1-1  grams  of  potassium  salt,  required  67*95  c.c.  of 
permanganate  (C).  Na  Found  =  38-03  per  cent.,  Calculated  39*31 
per  cent. 

From  this  result,  it  would  appear  that  the  presence  of  excess  of 
ammonium  salt  tends  to  give  low  results  in  the  sodium  value. 

Roclielle  Salt. — Commercially  pure  specimen :  pressed.  1-2569  gram  of 
substance  pi-ecipitated  with  1*2  grams  of  potassivim  salt,  required  54 '85 
c.c.  of  permanganate  (C).  Na  Found  =  7-87  per  cent..  Calculated 
8-15  per  cent. 

Sodium  salts  of  weak  acids  whose  solutions  give  an  alkaline  reaction 
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with  litmus,  such  as  phosphate  and  acetate,  give  somewhat  low  results 
when  precipitated  by  means  of  the  potassium  salt.  But  with  free  di- 
hydroxytartaric  acid,  such  salts  give  normal,  or  nearly  normal,  results. 
This  is  probably  due  to  the  instability  of  sodium  dihydroxytartrate  in 
presence  of  alkalis,  a  fact  which  was  indicated  in  the  low  results 
obtained  in  presence  of  free  ammonia,  and  in  the  action  previously 
mentioned  of  sodium  hydroxide  (Trans.,  1898,  73,  74). 

Free  dihydroxy tartaric  acid  gives  a  precipitate  with  all  sodium  salts 
which  have  been  examined,  with  the  exception  of  the  borate  (see  below). 
Even  salts  of  strong  acids,  such  as  sulphate,  chloride,  and  nitrate,  are, 
on  standing,  partially  precipitated,  and  in  the  case  of  weaker  acids, 
the  precipitation  appears  to  be  complete,  or  nearly  so.  It  is  possible 
that  the  relative  avidities  of  many  acids  might  be  compared  in  this 
manner. 

Sodium  Acetate. — A  commercially  pure  specimen  recrystallised  and 
pressed, 

I.  0'4014  gram  substance  dissolved  in  5  c.c.  water  and  precipitated 
with  r05  grams  oi  2Jotassium  salt,  required  36"65  c.c.  of  permanganate 
(C).      Na  Found  =  16-48  per  cent. 

II.  0'6458  gram  substance  dissolved  in  5  c.c.  of  water  and  precipi- 
tated with  0'5  gram  of  /o^ee  dihydroxytartaric  acid  required  60'9  c.c, 
of  permanganate  (C).  Na  Found  =  16*98  per  cent..  Calculated  16'91 
per  cent. 

Sodium  Phosphate. — A  commercially  pvire  specimen  recrystallised 
and  pressed. 

I,  0"8664  gram  substance  dissolved  in  10  c.c.  of  water  and  precipi- 
tated with  1*2  grams  of  potassium  salt,  required  58'4  c.c.  of  per- 
manganate (C).     Na  Found  =  12-16  per  cent. 

II.  1-0814  gram  substance  di.ssolved  in  10  c.c.  of  water  and  pre- 
cipitated with  1  gram  of  yVee  dihydroxytartaric  acid  required  73-8  c.c.  of 
permanganate  (C).  Na  Found  =  12-31  per  cent..  Calculated  12-84  per 
cent. 

Sodium  Carbonate. — This  gives  low  results,  even  with  the  free  acid. 
This  is  probably  due  to  the  diflSculty  of  preventing  loss  by  spirting 
without  unnecessary  dilution  of  the  solution,  by  washing,  and  perhaps 
also  to  the  difficulty  of  preventing  a  rise  of  temperature  during 
neutralisation.  With  the  potassium  salt  as  precipitant,  38-68  percent. 
Na  was  obtained,  and  with  the  free  acid  42-85  per  cent.,  theory  requir- 
ing 43-43  per  cent. 

Carbonates  should,  therefore,  be  first  acidified,  say,  by  hydrochloric  acid, 
with  due  precautions  against  loss  by  spirting,  the  solution  evaporated 
to  di'yness,  and  the  residue  dissolved  in  a  small  quantity  of  water.  ^ 

Borax. — This  salt  is  altogether  exceptional  in  its  behaviour,  since 
its  solution  gives  uo  2»'eei2ntate  whatever,  either  with  the  potassium 
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salt  or  with  the  free  acid.  In  this  respect,  it  differs  from  all  other 
sodium  salts  which  have  been  examined.  The  reason  for  this  difference 
is  under  investigation.  Possibly,  as  with  some  other  hydroxy-acids 
(for  example,  tartaric  and  salicylic),  a  compound  is  formed,  which  is 
soluble  in  water.  Boric  acid,  if  present,  must  therefore  be  i-emoved 
by  one  of  the  usual  methods,  such  as  by  methylic  alcohol  and  hydrogen 
chloride,  before  sodium  is  estimated. 

Directions  for  Working  the   Process. 

In  order  to  ensure  accurate  results,  attention  must  be  given  to  the 
following  details. 

Metals  other  than  potassium,  sodium,  and  magnesium  must  be 
absent.  (Possibly  some  other  metals  may  prove  to  be  admissible,  but 
only  a  few  have  been  examined.  Ammonium  salts,  if  present  in  any 
quantity,  appear  to  produce  low  results,  so  had  better  be  removed.) 

The  metals  should  be  present  preferably  as  chlorides,  sulphates,  or 
nitrates.  The  solution  to  be  examined  must  be  concentrated  and 
neutral. 

Potassium  dihydroxytartrate,  'K.2{Q^^O^),M.20,  is  dissolved  in  the 
least  quantity  (about  30  times  its  weight)  of  ice-cold  water.  The  salt 
dissolves  with  some  difficulty,  and  the  solution,  if  not  completely  clear, 
is  filtered  before  use. 

Both  solutions  having  stood  in  melting  ice  for  a  few  minutes,  the 
potassium  salt  is  added  in  excess,  the  mixture  kept  in  melting  ice  for 
half  an  hour,  with  occasional  stirring,  and  the  precipitated  sodium 
salt,  after  being  collected  on  a  small  filter,  is  drained  with  the  assistance 
of  the  pump,  and  quickly  washed  three  or  four  times  with  small 
quantities  (about  4  or  5  c.c.)  of  ice-cold  water,  draining  each  time.  The 
precipitate  is  then  dissolved  off  the  filter  with  a  large  excess  of  dilute 
sulphuric  acid,  and  the  solution  titrated  with  potassium  permanganate 
at  the  ordinary  temperature  of  the  laboratory. 

The  permanganate  may  be  standardised  by  the  usual  methods  (by 
oxalic  acid  or  ammonium  oxalate)  and  the  result  calculated  from  the 
relation  which  is  .shown  to  exist  between  permanganate  and  dihydroxy- 
tartaric  acid  ;  but  the  simplest  and  best  method  is  to  standardise  the 
permanganate  indirectly  by  means  of  pure  sodium  cJdoride,  proceeding 
exactly  as  above  dii'ected. 

If  salts  of  weak  acids,  which  give  an  alkaline  reaction,  such  as 
acetates  or  phosphates,  are  to  be  examined,  the  free  acid  should  be 
substituted  for  the  potassium  salt.  Carbonates  or  hydroxides  must 
first  be  neutralised,  and  boric  acid,  if  present,  must  be  removed  by  one 
of  the  usual  methods,  such  as  by  methylic  alcohol  and  hydrogen  chloride. 
The  results  obtained  appea.r  to  be  as  accurate  as  can  be  expected  from 
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any  volumetric  process  of  the  kind.  The  method  could,  of  course,  be 
varied  in  several  ways.  For  instance,  a  measured  excess  of  potassium 
dihydroxytartrate  might  be  employed  and  the  excess  estimated  after 
precipitation.  Or  the  sodium  salt  could  be  determined  gravimetrically 
by  convei-ting  it  into  sulphate,  chloride,  &c.,  or  it  could  be  heated 
with  water  and  the  carbon  dioxide  estimated. 

This  volumetric  process  is  probubly  much  more  economical  than  the 
estimation  of  potassium  by  platinum  chloride ;  it  is  certainly  very 
much  more  rapid,  and  probably  quite  as  accurate,  so  that  in  the  case 
of  a  mixture  consisting  entirely  of  potassium  and  sodium  salts,  where 
it  is  desired  to  estimate  one  of  the  metals  only,  it  would  be  more 
advantageous  to  determine  the  sodium  than  the  potassium.* 

Qualitative  Detection  of  Sodium. 

In  a  former  communication  (Trans.,  1895,  67,  48),  the  use  of  free 
dihydroxytartaric  acid  was  proposed  as  a  i-eagent  for  the  detection  of 
.sodium,  the  solution  to  be  examined  being  mixed  with  a  solution  of 
the  acid,  neutralised  with  ammonia,  and  the  mixture  stirred,  preferably 
on  a  watch-glass.  The  potassium  salt,  however,  affords  a  far  more 
convenient  reagent,  since  the  necessity  for  neutralisation  is  dispensed 
with,  and  the  inti'oduction  of  ammonia  is  avoided  ;  it  was  shown  above 
that  the  presence  of  ammonia  and  of  ammonium  salts  tended  to  give 
low  results  in  the  sodium  value,  so  that  for  qualitative  detection  of 
small  (juantities  its  presence  is  objectionable.  By  using  ice-cold 
solutions  of  the  potassium  salt  and  of  the  substance  to  be  examined, 
and  keeping  the  mixture  for  some  time  at  0°,  it  is  faix'ly  easy  to  detect 
one  part  of  .sodium  in  over  2000  parts  of  water. 


XII.  —  Dcriratives  oj  BvomotoJijlhydrazine, 
CV,H.,Br(CH3)(N,,Il,j)  [1:3:  6]. 

iJy  J.  T.  Hknvitt,  M.A.,  D.Sc,  Ph.D.,  and  F.  G.  Pope. 

Several- years  ago,  one  of  the  authors  described  orthochlorophenyl- 
hydrazine  and  several  of  its  derivatives  (Trans.,  1891,  59,  209  ;  1893, 
63,  8G8).     It  was  hoped  that,  under  certain  conditions,  some  of  the 

•  Wishing  to  test  the  working  of  the  process  in  other  liiinds,  I  asked  one  of  our 
ativlcnts,  Mr.  H.  .Tuckson,  of  Downing  College,  to  determine  the  sodium  in  a  saiiqile 
<.f  jiure  sodium  chloride. 

Proceeding  according  to  the  instructions  given  above,  and  using  the  permanganate 
solution  C,  he  obtained  the  following  result  :  0 '276.5  gram  substance  required 
602  c.c.  of  permanganate.     Na  found  =  3929  per  ceut.,  Calculated  39-31  per  cent. 
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derivatives  of  this  hydrazine  might  lose  hydrogen  from  the  side  chain 
and  halogen  from  the  nucleus,  forming  closed  ring  compounds,  bat  no 
results  of  any  value  in  this  direction  were  obtained,  and  the  problem 
remained  as  to  whether  bromine  compounds  might  not  be  more  suitable 
for  such  syntheses.  Orthobromaniline,  however,  is  comparatively  diffi- 
cult to  obtain  pure,  whereas  orthobromoparatoluidine  can  be  prepared  in 
any  (juantity  by  Wroblewsky's  method  (Annalen,  1873,  168, 153).  The 
paratoluidine  is  first  converted  into  acetoparatoluidide,  the  finely- 
powdered  crude  product  (105  grams)  is  mixed  with  a  large  excess  of 
cold  water  (1  litre),  and  the  calculated  amount  of  bromine  (116  grams) 
run  slowly  into  the  mixture  with  continual  stirring ;  the  mixture  is 
now  raised  to  boiling,  allowed  to  cool,  and  the  supernatant  liquor  run 
off  the  cake  of  orthobromacetoparatoluidide.  The  hydrolysis  is  readily 
effected  by  boiling  the  product  with  five  times  its  weight  of  hydrochloric 
acid  (2  vols.  HCl :  1  water)  ;  on  cooling,  the  hydrochloride  of  ortho- 
bromoparatoluidine separates  out  almost  completely,  and  may  be 
recrystallised  from  hot  dilute  hydrochloric  acid. 

This  hydrochloride  is  converted  into  the  corresponding  hydrazine 
hydrochloride  by  the  methods  proposed  by  Victor  Meyer  and  Lecco  {Ber., 
1883,  16,  2976)  and  by  Bamberger  {Ber.,  1896,  29,  1834)  ;  but  as 
the  former  method  gives  better  yields,  we  have  used  it  exclusively. 
It  is  preferable  to  work  with  small  quantities  at  a  time.  The  finely 
powdered  orthobromoparatoluidine  hydrochloride  (22*25  grams), 
mixed  with  10  times  its  weight  of  fuming  hydrochloric  acid,  and 
cooled  by  ice  and  salt,  is  diazotised  by  the  gradual  addition  of  sodium 
nitrite  (7  grams)  dissolved  in  water  (30  c.c.) ;  after  being  left  for 
1  hour  in  the  freezing  mixture,  it  is  poured,  with  continual  stirring, 
into  a  solution  of  stannous  chloride  (37*8  grams)  in  its  own  weight  of 
fuming  hydrochloric  acid  kept  well  below  0°.  During  conversion  of  the 
diazonium  into  hydrazine  salt,  it  is  necessary  to  keep  the  temperature 
low,  and  it  is  advisable  to  pour  the  diazo-solution  into  the  stannous  chlor- 
ide, otherwise  the  heat  developed  is  liable  to  decompose  the  diazonium 
salt,  with  production  of  taiTy  products.  The  double  tin  salt  of  the  hydx'- 
azine  obtained  is  collected,  and  after  drying  on  porous  tiles,  is  dissolved 
in  boiling  water  and  freed  from  tin  by  hydrogen  sulphide  ;  on  concen- 
trating the  clear  solution,  the  hydrazine  hydrochloride  is  deposited  in 
colourless  needles. 

An  aqueous  solution  of  this  salt  shows  the  characteristic  reduction 
of  Fehling's  solution. 

Analysis.— C7HgBr-NH-NH.„HClrequiresN  =  11  •79percent.  Found 
N  =  ll-51. 

The  purified  salt  melts  at  190°  with  slight  evolution  of  gas.  The 
free  hydrazine  can  readily  be  obtained  by  precipitating  a  solution  of 
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the  hydrochloride  with  ammonia ;  after  recrystallisation  from  ether,  it 
is  obtained  in  beautiful,  colourless,  silky  needles  melting  at  91°. 

Analysis.— C;H,,Br-NH'NH2  requires  1^=  13-93  per  cent.  Found 
N  =  13  96  per  cent. 

Salts  of  the  hydrazine  were  prepared  by  dissolving  it  in  ether,  and 
adding  ethereal  solutions  of  the  corresponding  acids. 

The  nitrate  separates  from  the  ethereal  solution  in  radiating  masses, 
so  that  the  liquid  is  soon  filled  with  a  paste  of  crystals,  white  and 
pearly  in  appearance  ;  after  being  dried  on  a  porous  tile,  they  melt  at 
154°  with  slight  decomposition. 

Analysis.— aH^.Br-NH-NH2,HN03  requires  N  =  15-91  per  cent. 
Found  N  =  15-29  per  cent. 

StUjjIiafe. — This  was  prepared  in  a  similar  manner,  but  an  excess  of 
acid  had  to  be  avoided  or  the  sulphate  and  excess  of  acid  separated  as 
a  heavy  oily  layer.  By  recrystallisation  from  boiling  water,  the 
sulphate  was  obtained  in  long,  colourless  needles  easily  soluble  in  hot, 
but  only  sparingly  in  cold,  water,  and  melting  at  201°. 

Analysis. — (C7H^Br*N2H3)2,H2S04  requires  804=1920  per  cent. 
Found  SO4  -  19-22  per  cent. 

The  oxalate  was  immediately  precipitated  as  a  colourless,  crystalline 
paste  on  mixing  ethereal  solutions  of  the  hydrazine  and  anhydrous 
oxalic  acid  ;  the  product  was  collected,  dried  on  a  tile,  and  recrystallised 
from  boiling  water,  in  which  it  dissolves  fairly  when  hot,  but  only 
very  slightly  when  cold.  It  separates  in  small,  colourless  prisms 
soluble  in  hot  alcohol,  and  melting  at  about  150°,  the  exact  tempera- 
ture depending  on  the  rate  of  heating ;  decomposition  takes  place 
apparently,  the  molten  mass  frothing,  although  it  still  remains 
colourless,  so  that  probably  the  reaction  consists  in  the  formation  of  a 
hydrazide. 

Analysis. — (C-HgBr*N'2H3)2,C204Ho  requires  N  =  11*39  per  cent. 
Found  N  =  11  -64  per  cent. 

Besides  the  above  salts,  we  have  characterised  the  hydrazine  by 
converting  it  itato  a  number  of  derivatives. 

Acetylbromotoh/lhydrazine  was  prepared  by  boiling  the  hydrazine 
with  excess  of  glacial  acetic  acid  for  some  hours  in  a  I'eflux  ajiparatus; 
the  product  was  then  poured  into  water,  collected,  and  recrystalliv^ed 
twice  from  dilute  acetic  acid.  It  forms  small,  thick  prisms  melting 
at  124 '.     The  composition  was  confirmed  by  a  nitrogen  estimation. 

Analysis.— CVH.jBr-NH-NH-CO-CHg  requires  N  =  ll-53  percent. 
Found  X  =  11  77  per  cent. 
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This  acetyl  derivative  dissolves  slightly  in  hot,  but  is  practically 
insoluble  in  cold,  water ;  it  is  also  insoluble  in  light  petroleum,  and  in 
benzene  and  its  homologues.  It  is  taken  up  spainngly  by  ether, 
dissolves  in  alcohol  and  glacial  acetic  acid,  and  is  dissolved  with 
great  readiness  by  chloroform. 

Bromotolylsemicarhazide  was  immediately  precipitated  on  mixing 
aqueous  solutions  of  the  hydrazine  hydrochloride,  and  potassium 
cyanate  in  molecular  proportion.  It  was  collected,  washed  with  cold 
water,  and  recrystallised  from  a  large  quantity  of  boiling  water,  in 
which  it  is  only  sparingly  soluble  ;  it  is  nearly  insoluble  in  cold  water. 

Analysis.— C.HgBr-NH-NH-CO'NHg  requires  1^  =  17-21  per  cent. 
Found  ]Sr=  17*14  per  cent. 

This  semicarbazide  is  insoluble  in  light  petrolevim  and  benzene  ; 
dissolves  somewhat  in  chloroform,  and  is  readily  soluble  in  ether, 
acetone,  and  glacial  acetic  acid.     It  melts  at  163°. 

Bromotolylallylthiosemicarhazide  was  obtained  by  mixing  ethereal 
solutions  of  allylthiocarbimide  and  the  hydrazine  in  molecular  propor- 
tion ;  on  evaporating  the  ether,  the  thiosemicarbazide  was  left  as  an 
oil,  which,  on  long  continued  stirring,  solidified  to  a  hard  mass.  On 
recrystallisation  from  alcohol,  it  was  obtained  in  colourless  prisms,  the 
faces  of  which  are  often  striated,  the  prisms  themselves  being  frequently 
united  in  clusters.  The  ends  of  the  prisms  were  usually  badly 
developed. 

A  sulphur  estimation  gave  S  -  1 1  -55  per  cent.  C^HgBr-NH-lSrH-CS'NH-C.H. 
reqiiires  S=  11  "23  per  cent. 

This  semicarbazide  melted  at  136-5°,  and  showed  no  signs  of  the 
isomerism  observed  by  Marckwald  in  compounds  of  a  similar  type.  It 
dissolves  in  alcohol,  ether,  ethylic  acetate,  acetone,  benzene,  carbon 
bisulphide,  and  glacial  acetic  acid,  but  is  insoluble  in  light  petroleum. 
On  adding  copper  sulphate  solution  to  the  ethereal  solution,  the  latter 
becomes  yellow,  and  turns  a  very  dark  olive  brown  on  adding  ammonia. 

Bromotolylphenyltliiosemicarhazide  was  obtained  in  like  manner,  using 
ethereal  solutions  of  the  hydrazine  and  phenylthiocarbimide.  On 
evaporating  the  ether,  an  oil  was  left  which  solidified  on  stirring  it  up 
with  a  small  quantity  of  light  petroleum.  Dried  on  a  porous  tile,  it 
melted  almost  completely  about  122 — 125°,  but  after  crystallisation  from 
hot  alcohol  and  drying  at  100°,  the  melting  point  was  found  to  be  142°. 
The  substance,  when  somewhat  rapidly  deposited  from  alcohol,  forms 
tufts  of  prisms,  whilst  by  slower  evaporation  the  prisms  are  obtained 
singly  and  are  all  terminated  with  well-defined  oblique  faces. 

Analysis.— CyHgEr-NH-NH-CS-NH-CgHg  requires  S  =  9-52;  Br  = 
23-81  per  cent.     Found  S  =  9 -55  ;  Br  =  22-63  per  cent. 
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As  to  whether  the  above-mentioned  behaviour  of  the  substance  on 
heating  is  to  be  ascribed  to  isomerism  in  the  sense  indicated  by  Marck- 
wald  {Ber.,  1892,  25,  3098)  in  the  case  of  diphenylthiosemicarbazide, 
we  cannot  say  ;  it  is,  however,  strange  that,  on  mixing  solutions  of 
pure  hydrazine  and  allyl-  or  phenyl-thiocarbimide  and  evaporating,  the 
respective  thiosemicarbazides  should  be  obtained  as  viscous  liquids 
which  do  not  readily  solidify. 

The  substance  is  easily  soluble  in  cold  chloroform  and  acetone,  and 
in  warm  alcohol,  and  fairly  so  in  ether ;  but  benzene,  toluene,  xylene 
or  amylic  alcohol  take  it  up  easily.  It  does  not  dissolve  very  easily  in 
concentrated  sulphuric  acid,  and  in  ammonia,  even  if  warm  and  concen- 
trated, but  very  sparingly,  if  at  all.  "Warm  dilute  soJa  solution  takes 
it  up  easily,  but  it  is  reprecipitated  by  hydrochloric  acid.  The  thio- 
semicarbazide  is  turned  superficially  red  by  the  vapour  of  fuming 
nitric  acid  ;  in  actual  contact  with  the  fuming  acid,  it  catches  fire. 

FnrfuraJ dehydehrom otolylhydrazone. — Furfuraldehyde  (1  gram)  in  a 
small  bottle,  was  covered  with  water,  and  a  solution  of  the  hydrazine 
hydrochloride  (2'5  grams)  added ;  on  adding  a  solution  of  sodium 
acetate,  the  hydrazone  was  precipitated  as  an  oil  which  obstinately 
refused  to  solidify,  but  after  a  month  it  became  nearly  solid,  and  on 
washing  with  a  little  alcohol  and  stirring,  complete  solidification  was 
induced.  When  slowly  crystallised  from  warm  alcohol,  it  was  deposited 
in  well-defined,  brown  needles  which  melted  at  87°. 

Analysis.— C^HgO-CHIN-NH-C^HcBr  requires  N=  1003  per  cent. 
Found  N  =  9-77  per  cent. 

Furfuraldehydebromotolylhydrazone  dissolves  easily  in  ether,  ethylic 
acetate,  chloroform,  acetone,  and  glacial  acetic  acid,  but  is  insoluble 
in  light  petroleum. 

Jknrjddehydebromotolylhydrazone,  prepared  in  a  similar  manner,  sepa- 
rated at  first  as  a  pale  yellow  oil,  which,  however,  on  vigorous  shaking, 
was  suddenly  transformed  to  a  nearly  colourless,  crystalline  mass ;  by 
recrystallisation  from  alcohol,  it  was  obtained  in  well-defined,  colourless, 
rhomboidal  plates  which  melted  at  84°;  the  alcoholic  solution  frequently 
shows  the  phenomenon  of  supei'cooling.  Benzaldehydetolylhydrazone 
dissolves  in  ether,  chloroform,  ethylic  acetate,  benezene,  and  glacial 
acetic  arid,  but  is  in.soluble  in  light  petroleum. 

Analysis.— C;,,H.-CH:N-NH-CyH,,Br  requires  N  =  969  per  cent. 
F'ound  N  =  10"ll  percent. 

SfdicyUddehydel/romotolylhydrazone. — The  free  hydrazine  liberated 
from  \  grains  of  the  hydrochloride  by  2  grams  of  sodium  acetate  was 
collected,  washed,  and  dis.solved  in  alcohol  ;  on  adding  the  calculated 
quantity  (2  grama)  of  salicyjaldehyde,  a  brownish  oil  separated  imme- 
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diately,  and  this,  after  the  supernatant  liquid  had  been  removed,  be- 
came solid  on  stirring  vigorously  with  some  light  petroleum.  The 
crystalline  mass,  after  being  washed  with  light  petroleum  and  re- 
crystallised  successively  from  ether  and  alcohol,  was  obtained  in  long, 
straw-coloured  needles  which  melted  at  109°. 

Analysis.— OH- CeH^-CHIN-NH-CyHfiBr  requires  N  =  918  per 
cent.     Found  N  =  9-08  per  cent. 

The  salicylaldehydehydrazone  dissolves  in  ether,  acetone,  chloroform, 
ethylic  acetate,  carbon  bisulphide,  benzene,  and  glacial  acetic  acid,  but 
only  spax'ingly  in  alcohol,  and  is  insoluble  in  light  petroleum. 

Pyruvic  acid  bromotolylhydrazone  is  completely  precipitated  by 
mixing  aqueous  solutions  of  the  hydrazine  hydrochloride  and  pyruvic 
acid  ;  the  pale  yellow  flocks  thus  formed,  after  being  washed  and  re- 
crystallised  from  hot  dilute  alcohol,  are  obtained  in  bright  yellow 
crystals  which  melt  at  175"  to  a  clear  yellow  liquid,  some  gas  being 
evolved.  The  substance  is  soluble  in  chloroform,  ether,  acetone  and 
glacial  acetic  acid,  but  insoluble  in  benzene  and  light  petroleum. 

Analysis.— C7HgBr-NH-N:C(CH3)-COOH  requires  C  =  44-28  ;  H  = 
4-06  per  cent.     Found  C  =  44-30 ;  H  =  4-09  per  cent. 

Ethylic  pyruvate  hromotolylhydrazone  was  prepared  by  boiling  the 
acid  for  2  hours  with  an  equal  weight  of  concentrated  sulphuric  acid  and 
10  times  its  weight  of  alcohol,  lasing  a  reflux  apparatus.  The  mixture 
was  then  poured  into  a  dilute  solution  of  sodium  carbonate,  allowed  to 
stand  overnight,  and  the  substance  collected,  washed,  and  dissolved  in 
alcohol ;  on  allowing  the  solution  to  evaporate  slowly,  the  compound 
was  deposited  as  tufts  of  slightly  yellowish  needles. 

Analysis.— CVHgBr-NH-N:C(CH3)-COOC2H.,  requires  N  =  9-36  per 
cent.     Found  N  =  9-83  per  cent. 

It  softens  about  75°  and  melts  at  84 — 85°.  It  is  easily  soluble  in  the 
usual  solvents. 

Various  salts  of  this  acid  were  prepared,  in  the  hope  of  eliminating 
the  metal  in  union  with  bromine,  on  heating,  and  so  possibly  obtaining 
closed  ring  derivatives.  As  the  experiments  in  this  direction  have  not 
as  yet  yielded  vei-y  satisfactory  results,  we  have  decided  to  publish  the 
remainder  of  our  work  now,  and  leave  this  portion  for  a  future  com- 
munication. 

The  potassium  salt  was  prepared  by  mixing  the  acid  with  the  calcu- 
lated quantity  of  pure  anhydrous  potassium  carbonate,  adding  water, 
and  warming  until  the  evolution  of  carbon  dioxide  had  ceased.  Enough 
water  was  then  added  to  dissolve  all  the  salt  on  boiling,  and  the 
solution,  filtered  hot,  was  allowed  to  cool ;  the  salt  then  separated  in 
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fern-like  aggregates,  which  wei'e  collected  with  the  aid  of  the  pump, 
washed  with  alcohol,  and  air-dried. 

Analysis.— aH,Br-NH-N:C(CH.,)-COOK  +  3H20  requires  HgO^ 
14-60;  K- 10-74  per  cent.     Found  H.O^  14-56  ;  K=  10-3.3  per  cent. 

The  ammoniuvi  salt  was  obtained  by  dissolving  the  acid  in  hot  dilute 
.ammonia  ;  the  crystals  deposited  on  cooling  are,  like  those  of  the 
potassium  salt,  not  very  soluble  in  cold  water. 

Analysis.— C-HfiBr-NH-N:C(CH3)-C00NH^  requires  N  =  14'58  per 
cent.     Found  N  =  14-40  per  cent. 

The  aqueous  solution  of  this  salt  gives  precipitates  with  solutions 
of  salts  of  the  heavy  metals.  The  precipitate  with  silver  nitrate  be- 
comes violet  coloured  on  drying,  and  decomposes  readily  on  heating. 
The  analysis  of  the  dried  salt  showed  that  considerable  decomposition 
had  taken  place,  it  contained  34-56  per  cent,  of  silver,  whilst  the  salt 
(^^j^HioBrNqOoAg  should  contain  28-57  per  cent. 

The  had  salt  is  a  pale  yellow,  amorphous  powder  ;  dried  at  105°,  it 
gave  a  percentage  of  lead  agreeing  with  the  theoretical  numbers. 

Analy8is.~[aH6Br-NH-N:C(CH3)COO]2Pb  requires  Pb  =  27-71 
per  cent.     Foiind  Pb  =  28*05  per  cent. 

Action  of  Heat  on  these  Salts. — The  anhydrous  potassium  salt,  when 
heated  gradually,  remains  unchanged  below  215°,  but  at  this  temperature, 
a  brisk  reaction  takes  place,  the  salt  melts,  the  mass  darkens  and 
froths  up,  and  small  quantities  of  liquid  distil  up  the  sides  of  the  tube. 
<)n  cooling  and  extracting  the  melt  with  hot  water,  the  aqueous  solu- 
tion was  found  to  contain  potassium  bromide ;  the  insoluble  portion 
yields  extracts  both  with  dilute  hydrochloric  acid  and  dilute  soda.  It 
is  thus  seen  that  both  a  basic  and  acidic  (or  at  least  phenolic)  sub- 
stance are  formed  during  the  change  ;  their  nature  has,  however,  not 
yet  been  determined. 

The  lead  .salt  decomposes  at  about  160°  or  170°.  Much  lead  bromide 
is  formed,  and  .again  both  acid  and  basic  products  can  be  detected.  A 
.similar  decomposition  takes  place,  and  apparently  more  smoothly,  by 
heating  the  lead  .salt  with  an  indifferent  hydrocarbon  solvent  for  some 
hours  in  sealed  tubes  at  180^. 

We  hope  to  shortly  return  to  this  subject,  and  lay  the  results 
obtained  before  the  Society. 

East  Ln\ri.,v  TKr-nsicAL  Coixeoe. 
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XIIL— ^ec^  oftheMono-,  Di-,  and  Tri-chloracetyl  Grouiys 
on  the  Rotatory  Power  of  Methylic  and  Ethylic 
Glycerates  and  Tartrates. 

By  PercyFrankland,  F.R.S.,  and  Thomas  Stewart  Patterson,  Ph.D., 
Late  Priestley  Scholar  in  Mason  University  College,  Birmingham. 

The  effect  of  attaching  halogens  to  the  asymmetric  carbon-atom  has 
been  the  subject  of  numerous  researches  in  which  chlorine  or  bromine 
is  substituted  for  the  hydroxyl  group  of  an  optically  active  compound. 
In  the  earlier  investigations  of  this  nature,  the  substitution  was 
effected  by  the  action  of  the  halogen  acid,  with  the  result  that  the 
halogen  compound  obtained  Avas  invariably  inactive.  Thus,  from 
^-malic  acid  and  hydrobromic  acid,  Kekule  {Ann.,  1864,  130,  25)  ob- 
tained only  inactive  bromosuccinic  acid  ;  from  ^-mandelic  acid  and  hydro- 
chloric and  hydrobromic  acids,  Easterfield  (Trans.,  1891,  59,  71) 
obtained  only  inactive  chloro-  and  bromo-phenylacetic  acids  ;  similarly, 
from  active  {I  and  d)  isopropylphenylglycollic  acids,  Fileti  {J.  p'. 
Ghevi.,  1892,  46,  562),  by  the  action  of  hydrochloric  acid,  obtained 
inactive  isopropylphenylchloracetic  acid  only.  The  uniformity  of 
these  results  not  unnaturally  led  to  the  impression  that  such  intro- 
duction of  the  halogen  atoms  must  necessarily  be  attended  with 
racemisation,  and  even  gave  rise  to  a  suspicion  that  possibly  the  mere 
difference  in  the  four  groups  attached  to  the  carbon  atom  was  not  in 
itself  sufficient  to  cause  optical  activity  (Hantzsch,  Grundriss  d. 
Stereochemie).  The  incorrectness  of  these  views  has  been  more 
recently  demonstrate!  by  Le  Bel  {Bull.  soc.  chim.,  [iii],  1893,  9, 
674),  and  more  especially  by  Walden  {Ber.,  1895,  28,  1297),  who,  by 
acting  with  the  halogen  compounds  of  phosphorus  on  the  ethereal 
salts  of  malic,  tartaric,  lactic,  and  mandelic  acids,  has  obtained  active 
ethereal  salts  of  bromosuccinic,  bromomalic,  chloro-  and  bromo- 
propionic,  chloro-  and  bromo-phenylacetic  acids,  whilst  these  results 
have  been  further  extended  by  J.  Wallace  Walker  (Trans.,  1895, 
67,  914)  in  respect  of  chloro-  and  bromo-propionic  acid. 

In  the  substitutions  by  chlorine  and  bromine  referred  to  above,  it 
is  very  noteworthy  that  the  sign  of  the  rotation  is  reversed  by  the 
introduction  of  the  halogen,  a  result  which  is  contrary  to  what  takes 
place  when  substitution  in  the  same  compounds  is  made  by  most 
other  groups.  This  circumstance  led  to  the  idea  that  there  was 
something  anomalous  in  the  rotatory  effect  of  the  halogen  atom 
attached  to  the  asymmetric  carbon  atom.  It  has,  however,  been 
shown  by  Walden  {Ber.,  1895,  28,  2766;  1896,  29,  133)  that 
the  change  in   sign  in  the  case   of    the   ethereal    salts  of  cZ-chloro- 
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succinic  acid  obtained  from  the  ^-malic  salt  is  due  to  a  most  re- 
markable transformation,  for  on  regenerating  malic  acid  from  the 
'/-chlorosuccinic  acid,  it  is  f^malic,  and  not  ^-malic,  acid  which  is 
obtained,  and  a  similar  transformation  has  been  shown  to  take  place 
by  Purdie  and  Williamson  (Trans.,  1896,  69,  837)  in  passing  from 
the  huvorotatory  lactic  to  the  dextrorotatory  chloropropionic  ether, 
the  latter,  on  removal  of  the  halogen,  yielding  the  dextrorotatory  lactic 
compound.  It  is  thus  evident  that  the  chloro-  and  liromo-compounds 
realbj  corresponding  to  the  tartaric,  malic,  and  lactic  compounds  from 
which  they  are  derivable,  and  in  which  the  halogen  is  attached  to  the 
same  bond  of  the  asymmetric  carbon  atom  as  that  to  which  the 
original  hydroxyl  group  of  the  parent  substance  was  united,  have  a 
rotatory  power  of  the  same  sign  as  the  particular  parent  substance  in 
question. 

The  above  results  all  refer  to  the  effect  of  uniting  the  halogen 
directly  to  the  asymmetric  carbon  atom,  and  at  the  time  our  experi- 
ments were  commenced  there  existed,  so  far  as  we  are  aware,  only  a 
few  isolated  observations  of  Le  Bel's  {loc.  cit.)  and  of  Walden's  on  the 
rotatory  effect  of  halogen-atoms  not  so  directly  attached.  The  follow- 
ing is  the  extent  of  the  observations  made  by  Le  Bel  on  this  subject. 

Propylene  glycol,  CH3-CH(OH)-CH2-OH,  a  =  -  1°  57'  {1=22  cm.). 

Propylene  glycol  diacetate,  CH3-CH(0'C.,H30)'CH./0-C2H30,  a  =  -  8 
(;=22cm.). 

Propylene  glycol  monochlorhydrin,  a^-  -53'  {1=22  cm.). 

Propylene  glycol  dichlorhydrin,  a=  -  23'  {I  ^  10  cm.).  ■  -    •'• 

Propylene  glycol  chlorobromhydrin,  CHg-CHBr-CHoCl,  a=-38' 
(^-10  cm.). 

Propylene  glycol  chloracetin,  CH3'CH(0'C2H30)'CHoCl,  a=  +  1°  18' 
(/=22cm.). 

Propylene  glycol  chlorochloracetin,  CH3-CH(C2H2C10.^)-CH2C1, 
a  =  -1-49'  (;  =  10cm.). 

Propylene  glycol  chlorobutyrin,  CH3-CH(0'C0-C3H7)-CH2C1, 
a=  4-27'  (;=10cm.). 

From  the  above  it  will  be  .seen  that  propylene  glycol  chlox*acetin  has 
nearly  the  same  rotation  as  propylene  glycol  chlorochloracetin,  so  that 
in  thi.s  case  the  substitution  of  chlorine  for  hydrogen  at  a  point  remote 
from  the  a.symmetric  carbon  atom  does  not  very  materially  affect  the 
rotation. 

Theobservations  which  had  been  made  by  Waldon  {Zeil.2)hysikal.  Chem.^ 
1895,  17,  264)  referred  to  the  rotation  of  some  monochloracetyl-  and 
iiiouobromacetyl-malates,  a  full  summary  of  which  will  be  found  in  a 
paper  by  one  of  us  (Tran.-^.,  1896,  69,  122). 

Again,  more  recently  still,  since  the  work  recorded  in  this  paper 


GROUPS   ON    THE   ROTATORY    POWER   OF   GLYCERATES,    ETC.      183 

was  performed,  some  compounds  have  been  prepared  by  Guye  and 
Cliavanne  {Bull.  soc.  chim.,  [iii],  1896,  15,  177—195,  275—305) 
which  have  a  bearing  on  the  same  subject. 

Amylic  alcoliol [a]f^-i-52''  [«]^''=  -4-12" 

,,  acetate  [a]f=+2-5Z  [o]^'  = +2-51 

,,  propionate    [o]2o'=+2-77  [a]6'"=^ +2-68 

,,  monochloracetate    [a]f^+d-U  [a]«o  =  +3-36 

,,  dichloracetate [a]|  := -t  277  [a]f  =^ +2-65 

,,  trichloracetate [aF=+2-71  [o]«o  =  +2-58 

,,  mouochloropropiouato    ...  [a]^  —  +  3'03 

It  was  with  the  object  of  extending  this  knowledge  of  the  rotatory 
effect  of  the  halogen-substituted  fatty  acid  radicles  that  our  investiga- 
tion was  undertaken,  but  before  its  completion  the  results  of  a  some- 
what similar  inquiry  were  published  by  Freundler  {Bull.  soc.  chim., 
[iii],  1895,  13,  1055),  whose  experiments  are,  however,  limited  to  an 
examination  of  the  methylic,  ethylic,  propylic,  and  isobutylic  salts  of 
dimonochloracetyltartaric  acid.  Our  investigations,  therefore,  only 
overlap  in  the  matter  of  the  preparation  and  study  of  two  single  com- 
pounds, to  which  special  attention  will  be  directed  later  on. 

I.  Trichloracetyl  Derivatives. 

Preparation  of  Trichloracetyl  Chloride. — This  was  effected  by  utilis- 
ing Friedel's  reaction  in  the  manner  described  by  Friederici  {Ber., 
1878,  11,  1971).  A  mixture  of  100  grams  of  trichloracetic  acid  and 
150  grams  of  phosphoric  anhydride  was  heated  at  about  200°  in  a  Wurtz 
flask  of  about  2  litres  capacity  and  dry  hydrogen  chloride  passed  into 
the  flask  above  the  surface  of  the  mixture.  The  lateral  tube  of  the  flask 
was  connected  with  a  U-tube  sui-rounded  with  ice  and  provided  with  a 
tubului-e  below,  passing  into  a  small  flask  in  which  the  condensed 
liquid  was  collected.  Only  slight  charring  took  place,  and  a  good 
yield  of  chloride  was  obtained,  but  the  process  is  slow,  two  or  three  days 
being  required  for  the  preparation  of  60 — 70  grams.  The  chloride 
was  fractionated,  using  a  Hempel  tube,  and  was  ultimately  obtained 
almost  entirely  free  from  phosphorus  compounds. 

We  adopted  this  method  of  preparation  for  all  the  three  chloracetyl 
chlorides  in  consequence  of  its  being  the  only  one  which  yielded  a 
product  very  nearly  free  from  phosphorus  compounds. 

Ethylic  Di-trichloracetylgly cerate. — This  was  prepared  by  allowing 
16  grams  of  ethylic  glycerate  (aD=  - 11*47°  in  100  mm.  tube  at  12°)  to 
drop  slowly  into  130  grams  of  trichloracetyl  chloride  at  100^,  the  mixtui-e 
being  maintained  at  this  temperature  for  about  2  hours,  and  frequently 
shaken,  a  method  which  was  adopted  in  the  preparation  of  nearly  all 
the  other  ethereal  salts  described  in  this  paper.     The  product  was  then 
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submitted  to  distillation  under  diminished  pressure,  the  excess  of  tri- 
chloracetyl  chloride  passingover  at  45 — 50°,  a  first  fraction  was  collected 
at  198°  and  a  second  at  198 — 205°.  The  first  fraction  was  again 
treated  with  trichloracetyl  chloride,  and  on  distilling  as  above  a  frac- 
tion was  collected  between  200°  and  205°,  and  this  was  mixed  with  the 
198 — 205°  fraction  of  the  first  distillation.  This  mixture  was  then 
refractionated  until  the  rotation  of  the  product  became  practically- 
constant.  In  this  way,  9  grams  of  substance,  boiling  at  202°  under 
about  15  mm.  pressure,  and  with  the  oil-bath  at  240°,  were  obtained. 
The  following  chlorine  determinations  were  made  by  Carius'  method. 

1.  0-7466  gave  1-4976  AgOl.     CI  =  49-65  per  cent. 
2.0-5608     „     1-1354  AgCI.     Cl  =  50-06 
3.0-5657     „     1-1360  AgCl.     01  =  4967 
4.0-5200     „     1-0405  AgCl.     01  =  49  50 
5.  0-5651     „     1-1340 AgCl.     01  =  4964 

CpHgOgOlg  requires  01  =  50-11  per  cciiL. 

The  rotation  was  determined  at  the  following  temperatures. 


Rotation  of  Ethylic  Di-tricldoracetylglycerate. 


Temp. 

Observed  rotation 
in  44  mm.  tnbe. 

Density  compared 
with  water  at  4°. 

[«]n 

I5]r.* 

12-5° 

-12-73° 

1-5502 

-  18-66° 

98 

-11-68 

1-4438 

-18-39 

-176-6° 

77 

-11-89 

1-4702 

-18-38 

-178-7 

60 

-12-08 

1-4925 

-  18-39 

-  180-6 

48 

-12-19 

1-5060 

-18-39 

-181-9 

42-5 

-12-28 

1-5127 

-  18-40 

-182-S 

12-6 

-12-66 

1-5502 

-  18-56 

-186-9 

The  density  determinations  actually  made  were 

cZ  12°/4°=]-5502.  fi60°/4°=l-4915.  rM00°/4°  =  1-4413. 

Methylic  Di-trichloracetylgly cerate. — Twenty  grams  of  methylic  gly- 
cerate  (a=  -  6-30°  in  100  mm.  tube  at  13-3°)  were  slowly  added  to  an 
excess  of  trichloracetyl  chloride  at  110°,  the  heating  being  continued  for 
several  hours.  The  excess  of  trichloracetyl  chloride  was  distilled  off 
under  diminished  pressure,  and  a  fi'action  (30  grams)  passing  over  at 
185 — 204°  was  repeatedly  fractionated, when  9  grams  of  the  methylic  salt 
distilling  at  199 — 200°,  under  about  15  mm.  pressure,  and  with  the 
oil-bath  at  225°,  were  obtained.     The  chloi'ine  in  this  was  determined. 


[5]     =  ?     J^l. 
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1.  0-7007  gave  1-4557  AgCl.     01  =  51-40  per  cent. 
2.0-6275     „     1-3087  AgCI.     01  =  51-59 

CgHgOgClg  requires  01  =  51-82  per  cent. 

The  rotation  was  determined  at  the  following  temperatures. 

Rotation  of  Methylic  Di-trichloracetylglyc&rate. 

Observed  rotation     Density  compared 


Temp. 

in  44  mm.  tube. 

witli  water  at  4". 

L«]o 

L8]d 

11-5'^ 

-10-03° 

1-6125 

-14-13° 

-  144-5° 

98-3 

-1007 

1-4964 

-15-29 

-148-8 

12 

-  10-05 

1-6118 

-14-17 

-144-8 

The  density  determinations  actually  made  were 

tni7°/4°=  1-6122.  (^50°/4°=  1-5582.  c^  100°/4°=  1-4942. 

Ethylic  Mono-trichloracetyltartrate. — Thirty  grams  of  ethylic  tartrate 
(ay=  +8-47°,  <  =  13°,  ^=1)  and  200  grams  of  trichloracetyl  chloride, 
heated  at  120°  for  3  hours  as  before,  were  subsequently  distilled 
under  diminished  pressure  ;  the  excess  of  trichloracetyl  chloride  passed 
over  first ;  at  160°,  what  appeared  to  be  unaltered  ethylic  tartrate  was 
collected,  whilst  the  ethylic  salt  (40  grams)  came  over  mostly  at  190°. 
After  two  i^efractionations,  the  boiling  point  was  195°  (oil  bath  230°, 
pressure  about  16  mm.),  and  as  the  rotation  had  hardly  been  affected 
by  the  last  distillation,  the  chlorine  was  determined  by  Oarius' 
method. 

1.  0-5463  gave  0-6625  AgOl.     01  =  30-00  per  cent. 
2.0-5486     „     0-6635  AgOl.    01  =  29-92 

The  substance  was  then  again  twice  redistilled,  the  boiling  point 
being  185°  (oil  bath  210°,  pressure  about  16  mm.),  and  the  final  pro- 
duct again  analysed. 

1.  0-5804  gave  0-7050  AgOl.    01  =  30-05  per  cent. 
2.0-6782     „      0-8220  AgOl.    01  =  29-98       „ 

OjyHjgO.OL  requires  01  =  30-30  per  cent. 

O^^HiAcC       „         01  =  42-48       „ 

The  substance  obtained  was,  therefore,  ethylic  mono-trichloracetyl- 
tartrate. 

With  this,  the  following  polarimetric  observations  were  made. 
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Rotation  of  Ethylic  Mono-trichloi'acetyltartrate. 

Observed  rotation 

Density  compared 

Temp. 

in  44  mm.  tube. 

witli  water  at  4°. 

[«].. 

[5]n 

11-6° 

+  9-37° 

1-3963 

+  15-25^ 

+  134-5° 

98-5 

+  10-01 

1-2981 

+  17-53 

+  147-2 

58-2 

+  9-88 

1-3446 

+  16-70 

+  143-6 

46-2 

+  9-81 

1-3609 

+  16-39 

+  142-0 

38-5 

+  9-77 

1-3744 

+  16-16 

+  140-9 

12-0 

+  9-39 

1-3959 

+  15-30 

+  134-8 

The  density  determinations  actually  made  were 

fU  174°  =1-3970.         cZ  5074°=  1-3541.         ^  10074°=  1-2964. 

Methylic  Mono-trichloracetyltartrate. — Thirty  grams  of  methylic  tar- 
trate (ttD  =  +  2-28°,  « =  16°,  /=  1),  and  150  grams  of  trichloracetyl  chlor- 
ide, after  heating  at  110°  for  two  days,  on  distillation  as  before,  gave 
a  fraction  at  180 — 210°  which  crystallised  soon  after  cooling.  The 
crystals,  after  treatment  with  water  to  remove  any  unaltei'ed  methylic 
tartrate,  were  pressed  between  filter  paper  and  dissolved  in  toluene. 
This  solution,  after  drying  with  calcium  chloride,  was  allowed  to 
crystallise,  and  the  greater  part  of  the  substance  remaining  in  solu- 
tion was  deposited  on  adding  light  petroleum  :  21  grams  of  crystalline 
substance  were  obtained.  On  recrystallisation  from  xylene,  the 
melting  point  was  79 — 80°, 'and  two  Carius'  determinations  of  the 
chlorine  gave  the  following  results. 

1.  0-4737  gave  0'6286  AgCl.      01  =  32-83  per  cent. 

2.  0-5293     „     0-7015  AgOl.     01  =  32-77       „ 

OgHoO.Clg  requires  01  =  32-92  per  cent. 
OioHgOgOlo      „        01  =  45-42       „ 

The  substance  obtained   was,  therefore,  methylic  mono-trichloi-acetyl- 
tartrate. 

The  crystals  of  which  the  above  analyses  were  made  were  recrystal- 
lised  from  hot  xylene ;  after  washing  with  a  little  xylene,  they  were 
ground  up,  and  the  powder,  washed  several  times  by  decantation 
with  light  petroleum,  was  collected  and  dried  in  a  vacuum  desiccator. 
Its  melting  point  was  found  as  before  to  be  79 — 80°,  and  with  it  the 
following  polarimetric  observations  were  made. 

Rotation  oj  3Iethylic  Mono-triddoracetyltartrate. 

Observed  rotation      Density  compared 
Temp.         in  44  mm.  tube.         with  water  at  4°.  [a]„  [S]o 

100°  +()-29°  1-4081  +10-15°  +87-55° 

62  +5-92  1-4536  +9-25  +81-53 

51-5  +5-77  1-4667  +8-94  +79-23 

17  +5-50  1-5083  +8*29  +74-82 
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The  density  terminations  actually  made  were 

d  1774°=  1-5083.  c^  1874°  =1-5056. 

d  5074°  =  1  -4686.  d  10074°  =  1  -4081. 

II.    DiCHLORACETYL     DeKIVATIVES. 

Preparation  of  Dichloracetyl  Chloride. — This  was  prepared  by  passing 
dry  hydrogen  chloride  over  a  heated  mixture  of  100  grams  of  dichlor- 
acetic  acid  and  150  grams  of  phosphoric  anhydride.  The  action  proceeds 
readily,  the  product  being  more  rapidly  obtained  than  in  the  case  of 
the  trichloracetyl  compound  ;  there  is,  however,  a  considerable  amount 
of  charring  and  a  quantity  of  gas,  consisting  almost  exclusively  of 
carbonic  oxide,  is  given  off.*     A  good  yield  was  obtained. 

Ethylic  Di-dichloracetylglycerate. — This  was  prepared  in  the  usual  way 
from  28  grams  of  ethylic  glycerate  (ai,  =  -  1 1 -40°,  « =  23°, /=1)  and 
200  grams  of  dichloracetyl  chloride  heated  at  106°  for  two  days,  and 
then  repeatedly  fractionating.  The  crude  product  was  washed  with  a 
warm  solution  of  sodium  carbonate,  and  extracted  with  benzene.  The 
benzene  solution  was  again  washed  with  sodium  carbonate,  then  several 
times  with  water,  and  after  drying  with  calcivim  chloride,  the  benzene 
was  first  distilled  off  under  atmospheric  pressure,  the  residue  being 
distilled  under  diminished  pressure.  The  final  product  (7  grams)  thus 
obtained  distilled  at  203°  (oil  bath  at  250°,  and  under  about  15  mm. 
pressure).  The  chlorine  was  determined  by  the  Carius-Yolhardt 
method.     (Walker  and  Henderson,  Chem.  News,  71,  103,  295). 

1.  0-2228  required  0-4236  AgNOo.     01  =  39-71  per  cent. 
2.0-1588        „        0-3011  AgNOg.     Cl=  39-60       „ 
CgH-^ijOyCl^  requires  01  =  39-89  per  cent. 

The  following  polarimetric  observations  were  made. 

Rotation  of  EthyliG  Di-dichloracetylglycerate, 


Temp. 
16-8° 

Observed  rotation 
iu  44  mm.  tube. 
-11-82° 

Density  compared 
with  water  at  4° 
1-4667 

-  18-32° 

-167-6' 

35-1 

-12-17 

1-4446 

-19-15 

-173-4 

46-5 

-12-31 

1-4291 

-19-58 

-176-0 

59-7 

-12-41 

1-4129 

-19-96 

-178-1 

99 

-  12-66 

1-3669 

-21-05 

-183-7 

16-8 

-11-83 

1-4667 

-18-33 

-167-6 

*  The  decomposition  may  possibly  be  represented  thus 

CHCL-COOH  =  2C0  +  2HC1 

CHClo-COOH  =  CO2  +  C  +  2HC1 
111  this  connection,  it  maybe  mentioned  that  Maumene  {Aanalea,  18(35, 133,  154)  has 
shown  that  the  silvur  salt,  on  lieatiug,  decomposes  into  carbonic  oxide,   carbonic 
anhydride,  and  silver  chloride. 


188      FRANKLAND  AND  PATTERSON  :   EFFECT  OF  THE  CHLORACETYL 

The  density  determinations  actually  made  were 

cn6-8"/4°=  1-4667.         ci  31-574°=  1-4485.         cZ  46-574°=  1-4291. 
d  59-774°=  1-4129.         d  10074°  =  1-3657. 

Methylic  Di-dkldoracetylghjcerate. — Fifteen  grams  of  metliylic 
•jlycerate  (aB=  -  6-44°,  t=  16-5°,  l=\)  and  170  grams  of  dichloracetyl 
chloride,  heated  at  1 10°  for  thi-ee  days,  were  distilled  as  before,  and  passed 
over  chiefly  (30  grams)  at  200 — 210°.  This  distillate  was  shaken  up  with 
a  warm  solution  of  sodium  carbonate  and  extracted  with  benzene,  and 
the  benzene  solution  was  again  washed  with  sodium  carbonate  solution 
and  then  with  water  ;  after  drying  with  calcium  chloride,  the  benzene 
was  distilled  off  under  atmospheric  pressure,  and  the  residue  under 
diminished  pressure.  On  repeated  fractionation,  which  did  not 
appreciably  affect  the  rotation,  the  final  product  passed  over  at  207° 
(oil  bath  260°,  20  mm.  pressure).  The  chlorine  was  determined  by 
the  Carius-Yolhardt  method. 

1.  0-3515  required  0-6942  AgNOy.     CI  =  41-24  per  cent. 
2.0-3894        „        0-7672  AgNOg.     CI  =  41-14 

CgHgOgClj  requires  CI  =  41 -52  per  cent. 

The  following  polarimetric  observations  were  made. 

Rotation  of  Methylic  Di-dicldoracetylgly cerate. 


Teraii. 

Observed  rotation 
iu  44  mm.  tube. 

Density  compared 
with  water  at  4°. 

[«]u 

[5]d 

15° 

-9-39° 

1-5290 

-   13-96° 

-129-6° 

100 

-10-76 

1-4235 

-17-18 

-152-0 

74-4 

-10-53 

1-4553 

-16-44 

- 147-9 

55 

-10-32 

1-4796 

-15-85 

-143-9 

40 

-10-05 

1-4982 

-  15-25 

-139-6 

14-5 

-9-39 

The  density  determinations  actually  made  were 

tZ20°/4°  =  1-5228.         d  40°/4°=  1-4982.         (Z  60°/ 4°=  1-4734. 
d  8074°=  1-4484.         d  10074°=  1-4235. 

EthyVic  Di-dichloracetyltar Irate. — Thirty  grams  of  ethylic  tartrate 
(ai,=  +9-31°,  <  =  20°  l=\)  and  180  grams  of  dichloracetyl  chloride, 
heated  at  110°  for  three  days,  gave  a  product  the  chief  portion  of 
which,  on  fractionation,  passed  over  at  220  —  230°  (oil  bath  200'^,  20  mm. 
pressure).     The  yield  was  35  grams. 

This  was  shaken  with  a  hot  solution  of  sodium  carbonate  and  ex- 
tracted with  benzene,  itc,  as  in  the  preparation  of  the  corresponding 
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glycerate  (q.v.).  The  product,  redistilled  until  the  rotation  was  constant, 
boiled  at  225^  (oil  bath  260°,  about  15  mm.  pressure). 

The  chlorine  was  determined  by  the  Carius-Volhardt  method. 

1.  0-1685  required  0-2648  AgNO.,.     CI  =  32-82  per  cent. 
2.0-1681        „         0-2625  AgNO.'.     CI  =  32-61 

CjoHj^OgCl^  requires  CI  =^33-18  per  cent. 

The  following  polarimetric  observations  were  made. 

Eolation  of  Ethylic  Di-dichloracetyltartrate. 


Temp. 

Observed  rotation 
in  92-35  mm.  tube. 

Density  compared 
with  water  at  4". 

[a]r. 

[5]o 

16° 

+  21-28° 

1-4137 

+  16-30° 

+  154-7° 

41-5 

+  21-07 

1-3845 

+  16-48 

+  154-2 

54-7 

+  20-92 

1-3695 

+  16-54 

+  153-7 

74 

+  20-92 

1-3468 

+  16-82 

+  154-5 

100 

+  20-78 

1-3171 

+  17-08 

+  154-7 

The  density  determinations  actually  made  were 

cZ  21°/ 4° -1-4080.         fZ40°/4°=  1-3862.         rf  60°/4°=  1-3635. 
d80°/4°- 1-3397.         d  100°/4°=  1-3171. 

Methylic  Di-dichloracetyltartrate. — Thirty  grams  of  methylic  tartrate 
(ttp  =  +  4-57,  ^  =  16°,  ?=  2)  and  150  grams  of  dichloracetyl  chloride,  were 
heated  at  110°  for  two  days,  and  the  product  fractionated  as  before  ;  the 
excess  of  acid  chloride  came  over  at  about  50°,  and  the  methylic  salt 
between  170—220°,  chieHy  at  180°  (oil  bath  at  215—250°).  On  refrac- 
tionating  twice,  some  of  the  distillate  crystallised  spontaneously,  and 
crystallisation  was  induced  in  the  remainder  by  stirring  with  water. 
The  solid  was  purified  by  trituration  with  a  solution  of  sodium  carbonate, 
drying  on  porcelain,  and  recrystallisation  from  xylene,  the  crystals 
being  washed  with  a  little  xylene  and  then  with  light  petroleum.  The 
melting  point  was  63-5 — 64°.  A  further  quantity  was  recovered  from 
the  xylene  solution  by  precipitation  with  light  petroleum,  the  total 
amount  being  8  grams.  This  was  distilled,  the  boiling  point  being 
220 — 221°  (oil  bath  260°,  about  15  mm.  pressure),  and  the  distillate, 
which  rapidly  solidified,  melted  at  64 — 65°. 

The  chlorine  was  determined  by  the  Carius-Volhardt  method. 

1.  0-2243  required  0-3801  AgNO..     CI  =  35-39  per  cent. 
2.0-2427        „        0-4117  AgNOg.     Cl  =  35-42 

CjqHjqOjCI,;  requires  CI  =  35-50  per  cent. 

The  following  polarimetric  observations  were  made. 


190      FRANKLAND  AND  PATTERSON  :   EFFECT  OF  THE  CH  LOR  ACETYL 
Rotation  of  Methylic  Di-dichloracetyltartrate. 


Temp. 

Observed  rotation 
in  44  mm.  tube. 

Density  compareil 
with  water  at  4^. 

[«].. 

[5].> 

19-2° 

+  7-93° 

1-5056 

+  11-97° 

+  115-9° 

37-6 

+  7-47 

1-4827 

+  11-45 

+  109-7 

48-2 

+  7-26 

1-4693 

+  11-23 

+  106-9 

55-2 

+  7-16 

1-46065 

+  11-14 

+  105-7 

98-5 

+  6-80 

1-4101 

+  10-96 

+  101-8 

The  density  determinations  actually  made  were 
d  1974°=  1-5058.         d  5474°=  1-4620.         d  10074°=  1-4083. 

III.      MONOCHLOKACETYL     DERIVATIVES. 

Preparatio7i  of  Monochloracetyl  Chloride. — Considerably  greater  diffi- 
culty was  encountered  in  the  preparation  of  this  than  in  the  case  of 
either  the  di-  or  tri-chloracetyl  chlorides,  owing  to  the  very  large  amount 
of  charring  which  takes  place  when  monochloracetic  acid  is  heated  with 
phosphoric  anhydride. 

The  method  ultimately  adopted  consisted  in  introducing  into  a  Wurtz 
flask,  of  2  litres  capacity,  150  grams  of  phosphoric  anhydride,  followed 
by  100  grams  of  melted  monochloracetic  acid.  The  flask  containing 
the  mixture  was  then  at  once  heated  in  an  oil  bath  to  about  200°,  a 
rapid  current  of  dry  hydrogen  chloride  being  passed  through.  The  prin- 
cipal source  of  danger  is  the  choking  up  of  the  lateral  tube  by  the 
charred  mass,  which  has  a  tendency  to  become  extremely  voluminous. 
In  one  experiment,  83  grams  of  crude  chloride  were  obtained  from  100 
grams  of  the  acid.  The  chloride  was  fractionated  by  means  of  a 
Hempel  tube,  and,  after  one  distillation,  was  almost  entirely  free  from 
phosphorus. 

We  may  mention  that  we  avoided  the  ordinary  methods  of  preparing 
monochloracetyl  chloride,  because,  firstly,  the  chlorination  of  chloracetyl 
chloride  might  lead  to  the  formation  of  some  dichloracetyl  chloride, 
and,  .secondly,  the  method  of  acting  with  the  chlorides  of  phosphorus 
on  monochloracetic  acid  yields  a  product  containing  phosphorus  com- 
pounds, which  we  were  unable  to  remove  by  any  available  means. 
Instead  of  monochloracetyl  chloride,  we  tried,  however,  the  use  of 
monochloracetyl  bromide  for  acting  on  ethylic  glycerate,  but  obtained 
an  ethereal  salt  containing  some  bromine,  and  this  method  was,  there- 
fore, abandoned. 

Ethylic  Di-monochloracetylgly cerate. — Seventeen  grams  of  ethylic; 
glycerate  (a^  =  -  11'49°,  <  =  14-5°,  l=\)  and  90  grams  of  monochlor- 
acetyl chloride  were  heated  at  110°  for  two  days.  On  fractionating, 
the  principal  product  came  over  at  200 — 205°  (oil  bath  235°,  pressure 
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about  18  mm.);  this  was  twice  reh'actionated,  the  rotation  being 
practically  unaffected  by  the  last  distillation.  The  final  product  dis- 
tilled at  198°  (oil  bath  235°,  pressure  about  15  mm.). 

The  chlorine  was  determined  by  the  Carius-Volhardt  method. 

1.  0-1700  required  0-2058  AgNO.^.    01  =  25-28  per  cent. 

2.  0-2034         „  0-2464  AgNO.5.    01  =  25-29 

3.  0-5123  gave  0-5246  AgOl  (gravim.).  01  =  25-33 

C^H^oOgOlo  requires  01  =  24-74  per  cent. 

The  following  polarimetric  observations  were  made. 

Rotation  of  Ethylic  Di-monochloracetylgly cerate. 

Observed  rotation     Density  compared 
Temp.       in  44  mm.  tube.       with  water  at  4°.  [o]d  [5]n 

100°  -12-34°  1-2704  -22-08°  -170-8° 

66  -11-82  1-3089  -20-52  -162-0 

40  -11-13  1-3402  -18-87  -151-4 

15  -10-12  1-3693  -16-80  -136-6 

The  density  determinations  actually  made  were 

d  16°/4°=  1-3681.  d  50°/4°=  1-3279. 

d  80°/4°  =  1  -2922.  d  100°/4°  =  1  -2704. 

Methylic  Di-monoMoracetylglycerate. — The  methylic  glycerate  used 
was  derived  from  35  grams  of  crystallised  calcium  glycerate.  The 
rotation  of  the  methylic  salt  was  aD=  -  6-24°,  t  =  14-5°,  1=  1. 

This  methylic  glycerate  was  heated  at  110°  with  80 — 90  grams  of 
monochloracetyl  chloride  for  two  days.  On  fractionating  the  mixture, 
21  grams  of  product  were  obtained  boiling  at  190 — 205°  (oil  bath 
230°,  pressure  about  15  mm.) ;  this  was  successively  washed  with 
solution  of  sodium  carbonate  and  with  water,  exti-acted  with  benzene, 
&c.  (see  p.  187).  On  fractionation,  the  main  portion  passed  over  at 
197°  (oil  bath  235°,  pressure  about  15  mm.).  This,  when  redistilled, 
exhibited  the  same  boiling  point  and  practically  the  same  rotation. 

The  chlorine  was  determined  by  the  Oarius-Volhardt  method. 

1.  0-2044  required  0-2570  AgNOg.     01  =  26-26. 

2.  0-5623  gave  0-5977  AgOl  (gravim.).     01  =  26-30. 

OgH^gOgOlg  requires  01  =  26-01  per  cent. 

The  following  polarimetric  observations  were  made. 
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Rotation  of  Methylic  Di-monochloracetylglycerate. 


Temp. 

Observed  rotation 
in  44  mm.  tube. 

Density  compared 
with  water  at  4°. 

[•^Ji. 

[5]n 

100" 

-10-49° 

1-3251 

- 17-99° 

-140-8 

65 

-9-76 

1-3662 

-16-24 

-129-7 

40 

-9-04 

1-3954 

-14-72 

-119-3 

29-2 

-8-68 

1-4099 

-13-99 

-114-1 

15 

-8-10 

1-4263 

-12-91 

-106-1 

The  density  determinations  actually  made  were 

cZ  l7°/4°=  1-4240.         (Z40°/4°=  1-3954.         rZ  60°/4°=  1-3722. 
d  80°/4°=  1-3480.  d  100°/4°=  1-3251. 

This  substance  subsequently  crystallised  spontaneously,  and  the 
solid  melted  at  43—44°. 

Ethylic  Di-monochloracetyltartrate. — A  mixture  of  15  grams  of  ethylic 
tartrate  (aD=  +8-77°,  ^=16°,  Z=l)  and  80  grams  of  monochloracetyl 
chloride  was  heated  at  110°  for  three  days,  and  then  fractionated  as 
before  until  the  rotation  was  constant.  The  boiling  point  of  the 
final  product  was  217°  (oil  bath  245°,  pressure  about  15  mm.). 

The  chlorine  was  determined  by  the  Carius-Volhardt  method. 

1.  0-2073  required  0-2011  AgNO.,.     CI  =  20-25  per  cent. 

2.  0-5428  gave  0-4418  AgCl  (gravim.).     CI  =  20-13  per  cent. 

C^gHieOgClg  requires  Cl=  19-78  per  cent. 

The  following  polarimetric  observations  were  made. 

Rotation  of  Ethylic  Di-monochloracetyltartrate. 

Observed  rotation  Density  compared 

Temp.  in  44  mm.  tube.  with  water  at  4°.               [o]i>  [S] 

100°  +6-44°  1-2394  +11-81°  +96-84° 

74-5  +5-89  1-2667  +10-57  +87-93 

49-5  +5-29  1-2935               +9-29  +78-42 

41  +5  11  1-3026                +8-92  +75-58 

15-5  +4-33  1-3306                +7-40  +63-50 

The  following  were  the  density  determinations  actually  made. 
(Z  18°/4°=  1-3279.         i40°/4°=  1-3040.         cZ  60°/4°=  1-2823. 
d  80°/4°=  1-2603.  d  l00°/4°=  1-2394. 

After  the  above  results  had  been  obtained,  we  became  aware  of  the 
fact  that  methylic,  ethylic,  propylic,  and  isobutylic  di-monochloracetyl- 
tartrates  had  already  been  prepared  by  Freundler  {Bull.  soc.  chim., 
1895,  [iii],  13,  1055—1063).  The  following  figures  are  given  by  him 
for  the  ethylic  compound. 
B.  p.  195— 197°  (12  mm.  pressure),  density  at  15°=  1-311  [a]}i'°=  +9-4°. 
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The  specific  rotation  is  thus  higher  by  2°  than  that  found  by  us  for 
the  same  temperature,  whilst  the  density  and  boiling  point  are  slightly 
lower. 

In  consequence  of  this  discrepancy,  the  preparation  of  this  com- 
pound has  been  repeated  by  one  of  us  in  conjunction  with  Dr. 
Turnbull,  the  results  being  recorded  in  the  paper  which  follows  this. 

Methylic  Di-monochloracetyltartrate. — From  20  grams  of  methylic 
tartrate  (a^^  +4"57°,  <  =  16°,  Z  =  2)  and  130  grams  of  monochloracetyl 
chloride  heated  at  110°  for  2  days,  30  gi-ams  of  product  were  obtained, 
distilling  between  220°  and  235°  (oil  bath  260°,  pressure  about  15  mm.). 
This  solidified  when  triturated  with  a  solution  of  sodium  carbonate, 
and,  after  drying  on  porcelain,  was  crystallised  from  toluene,  the 
crystals  washed  with  light  petroleum  and  then  distilled.  The  boiling 
point  was  217°  (oil  bath  260°,  pressure  about  18  mm.),  15  grams  of 
this  purified  product  being  obtained.  The  substance  crystallises  from 
toluene  in  large,  truncated  pyramids ;  the  melting  point  was  55°. 

The  chlorine  was  determined  by  the  Carius-Volhardt  method. 

1    0-2047  required  0-2092  AgNOg.     01  =  21-34  per  cent. 
2.  0-2013        „       0-2059  AgNOg.     01  =  21-36         „ 
C^qHj20s^1-2  I'equires  01  =  21-45  per  cent. 
The  following  polarimetric  observations  were  made. 

Rotation  of  Methylic  Dl-monochloracetyltartrate. 
Observed  rotation    Density  compared 


Temp. 

in  44  mm.  tube. 

with  water  at  4°. 

[a]. 

[S]. 

100° 

+  1-50° 

1-3264 

+  2-57° 

+  21-46' 

75-3 

+  0-76 

1-3547 

+  1-27 

+  10-80 

54-7 

+  0-25 

1-3784 

+  0-41 

+  3-53 

43-2 

-0-05 

1-3915 

-0-08 

-0-70 

33-6 

-0-16 

1-4026 

-0-26 

-2-25 

14 

-0-50 

1-4250 

-0-80 

-6-98 

The  following  were  the  density  determinations  actually  made. 

c?  19°/4°=  1-4193.         cZ  40°/4°  =  1-3953.         cZ  60°/4°  =  1-3722. 
d  8074°=  1-3492.  d  100°/4°=  1-3264. 

Methylic  di-monochloracetyltartrate  has  also  been  prepared  by 
Freundler  [loc.  cit.),  who  describes  it  as  an  extremely  syrupy  liquid 
distilling  at  about  187 — 190°  (14  mm.  pressure)  and  of  density  1-409 
at  1 8°.     The  rotatory  power  he  gives  as 

[a]]f  =  +3-5°         (/=0-5,  (Z=  1-409,  aj,=  +2-26°), 

polarimetric  results  which  are,  therefore,  even  more  at  variance  with 
ours  than  in  the  case  of  the  corresponding  ethylic  compound  referred 
VOL.    LXXIH.  O 
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to  above.  His  density  is  distinctly,  and  his  boiling  point  considerably, 
lower  than  ours. 

In  consequence  of  this  marked  discrepancy,  the  preparation  of  this 
substance  has  also  been  repeated  with  some  modifications  by  one  of  us 
in  conjunction  with  Dr.  Turnbull,  and  the  results  are  recorded  in  the 
paper  which  follows  this. 

M.  Freundler  has  determined  also  the  molecular  weights  of  the 
methylic  and  propylic  salts  of  di-monochloracetyltartaric  acid  by  the 
cryoscopic  method,  using  benzene  and  ethylenic  dibromide  as  solvents, 
and  we  may  take  the  opportunity  of  pointing  out  that  he  gives 
throughout  an  erroneous  theoretical  value  for  the  molecular  weight  of 
each  of  these  ethereal  salts.  Thus  for  the  methylic  di-monochloracetyl- 
tartrate  he  makes  all  his  calculations  on  the  basis  of  the  true  mole- 
cular weight  being  431  instead  of  331,  and  in  the  case  of  the  propylic 
compound  he  uses  the  molecular  weight  487  instead  of  387. 

Iiifluence  of  the,  Chloracetyl  Grou^js  on  the,  Physical  Fro2)erties, 

1.  An  examination  of  the  results  recorded  in  the  preceding  pages 
shows  that  the  introduction  of  two  monochloracetyl  groups 

(a)  Increases  the  Isevo-rotation  of  methylic  and  ethylic  glycerate, 
the  effect  being  very  similar  to,  but  slightly  greater  than,  that  produced 
by  the  introduction  of  two  acetyl  groups,  thus 

Methylic  glycerate  [a]i5°=  -    4-80^ 

,,      diacetylglycerate [a]J,^°=  -  12"04 

,,      dimonochloracetylglycerate    [a]J^5°=  -  12"91 

Ethylic  glycerate [«]r=  ~    ^"^^ 

,,     diacetylglycerate    [op5'=-16'31 

,,     dimonochloracetylglycerate  [o]{^°°=  -  16"80 

(b)  Considerably  reduces  the  dextro-rotation  of  methylic  tartrate, 
and  barely  increases  that  of  ethylic  tartrate ;  the  effect  on  the  latter  is, 
in  fact,  hardly  appreciable.  In  this  respect,  the  effect  of  the  two 
monochloracetyl  groups  resembles,  although  it  is  far  inferior  to,  that 
produced  by  the  introduction  of  two  acetyl  groups.  Thus  two  acetyl 
groups  greatly  reduce  the  dextro-rotation  of  methylic  tartrate,  and  very 
considerably  reduce  that  of  ethylic  tartrate, 

Methylic  tartrate [o]2«  = +2-H°(li(j[uid)- 

,,      diacetyltartratc    [a]^5°=-15"l   (in  absolute  alcoholic solutiou) 

,,      di-mouochloracetyltartrate...  [o]2o°=  -  0'64  (hqiiid). 

Ethylic  tartrate  [o]^»'= +7-66^ 

,,      diacetyltartratc t  =  25°,  1=1,  a=+5° 

,,      di-mouochloracetyltartrate...  [0]-''= +7'(37° 

All  three  ethylic  salts  were  examined  in  the  liquid  state. 
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In  this  respect,  our  results  are  in  direct  opposition  to  those  of 
M.  Freundler,  who  finds  that  the  introduction  of  the  two  mono- 
chloracetyl  groups  slightly  but  appreciably  increases  the  dextro-rotation 
of  both  methylic  and  ethylic  tartrates  respectively.  We  would  remark 
in  this  connection  that  we  have  obtained  both  the  methylic  and  ethylic 
di-monocliloracetyl  tartrates  in  a  crystalline  state,*whilst  M.  Freundler 
has  only  handled  them  in  the  liquid  condition. 

The  diminution  in  the  dextro-rotation  of  methylic  and  ethylic  tartrate 
effected  by  the  introduction  of  the  two  monochloracetyl  groups  is 
much  more  conspicuous  if  the  rotations  at  a  high  temperature  are  taken 
into  consideration,  thus 

Methylic  tartrate [a]J,'"''=  +   o-Q9° 

,,       di-monochloracetyltartrate    [0]"***'=+   2"57' 

Ethylic  tartrate     [a]"°°=  +13-29 

,,     di-monochloracetyltartrate    [a]i"*'°= -|-11'81 

2.  Similarly,  the  above  I'esults  show  that  the  introduction  of  two 
dichloracetyl  groups 

(a)  Increases  the  Isevo-rotation  of  both  methylic  and  ethylic  glycer- 
ate,  the  Isevo-rotation  of  these  di-dichloracetylglycerates  being,  how- 
ever, only  slightly  greater  than  the  corresponding  di-monochlor- 
acetylglycerates ;  indeed,  this  relationship  only  holds  good  at  low 
temperatures,  for  at  high  temperatures  the  Isevo-rotation  of  the  di- 
monochloracetylglycerates  slightly  but  distinctly  exceeds  that  of  the 
corresponding  di-dichloracetylglycerates.     Thus — 

[°]r     [«]r° 

Methylic  glycerate    -4-80°  -8-31°t    (calculated). 

,,         diacetylglycerate  -12'04  -19*24t      (calculated). 

,,         di-monochloracetylgly  cerate. .  -12'91  -17 '99 

,,         di-dichloracetylglycerate -13"96  -17'18 

Ethylic  glycerate  -9-18  -12-55+      (calculated). 

,,       diacetylglycerate -16-31  -23-09+      (calculated). 

,,       di-mouochloracetylglycerate...  -16-80  -22-08 

,,       di-dichloracetylglycerate   -18'20  -21  "1 

*  See  the  next  paper. 

+  It  should  be  pointed  out  that  these  values  of  [ajn  at  100°  have  been  calculated 
for  methylic  and  ethylic  glycerates  and  diacetylglycerates  from  the  materials  given 
in  the  papers  by  P.  Frankland  and  MacGregor  (Trans.,  1893,  63,  1415;  Trans., 
1894,  65,  754  ;  Trans.,  1894,  65,  768).  These  materials  enable  the  observed 
rotation,  oi,,  to  be  extrapolated  for  100'',  whilst  the  density  for  100°  has  been  cal- 
culated by  means  of  the  average  decrement  in  density,  0-0012211,  for  1°  rise  in 
temperature,  this  average  decrement  having  been  obtained  from  density  observations 
made  on  ethylic  mono-trichloracetyltartrate,  methylic  di-dichloracetyltartrato, 
tehylic  di-dichloraceltylgycerate,  and  methylic  di-trichloracetylglycerate. 

o  2 
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(b)  Very  greatly  increases  the  dextro-rotation  of  both  methylic  and 
ethylic  tartrate,  thus  : — 

Methylic  tartrate  +2'14'' 

,,         cli-dichloracetyltartrate         +11"9 

Ethylic  tartrate +7'66 

,,       ili-dichloracetyltartrate...       +16 '3 

The  rotation  of  these  di-dichloracetyltartrates  is  comparatively 
insensitive  to  temperature,  the  dextro-rotation  of  the  ethylic  compound 
increasing  but  slightly  with  rise  of  temperature,  whilst  that  of  the 
methylic  compound  very  slightly  declines  under  the  same  circum- 
Hances.  But  even  if  the  rotations  at  100°  be  compared,  the  introduc- 
tion of  the  two  dichloracetyl  groups  effects  a  large  increase  in  the 
dextro-rotation  of  both  methylic  and  ethylic  tartrate.     Thus 

la  poo" 

^     ■'u 

Methylic  tartrate  +5'99° 

,,         di-dichloracetyltartrate  +10'9 

Ethylic  tartrate +13-29 

,,       di-dichloracetyltartrate  ...       +17 "08 

The  effect  on  the  dextro-rotation  of  methylic  and  ethylic  tartrate 
produced  by  the  introduction  of  the  two  dichloracetyl  groups  resembles 
that  produced  by  the  introduction  of  two  phenacetyl  groups.    Thus 

Methylic  di-phenacetyltartrate [a]J^8°—  +14'5°  (Freundler). 

Ethylic  „  [a]f'=+15-3 

3.  The  introduction  of  two  trichloracetyl  groups  was  only  found 
possible  in  the  case  of  the  glycerates,  both  methylic  and  ethylic 
tartrates  yielding  only  monacidyl  derivatives. 

The  introduction  of  the  two  trichloracetyl  groups  has  the  effect  of 

(a)  increasing  the  laevo-rotation  of  the  methylic  glycerate  to  a 
greater  extent  than  the  introduction  of  two  dichloracetyl  groups.  This 
is,  however,  only  the  case  at  low  temperatures,  for  the  rotation  of 
methylic  di-trichloracetylgly cerate,  being  but  very  slightly  inci'eased 
by  rise  of  temperature,  the  Isevo-rotation  of  methylic  di-dichloracetyl- 
glycerate  at  100°  is  markedly  greater  than  that  of  methylic  di-trichlor- 
acetylglycerate  at  this  temperature.  Thus  at  100°  the  Isevo-rotation 
of  methylic  glycerate  is  most  increased  by  the  introduction  of  the  two 
monochloracetyl  groups,  and  least  by  that  of  the  two  trichloracetyl 
groups. 

The  relative  effects  on  the  laevo-rotation  of  ethylic  glycerate  pro- 
duced by  the  introduction  of  these  several  groups  is  exactly  similai'. 

The  rotation  of  ethylic  di-trichloracetylglycerate  is  almost  perfectly 
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insensitive  to  temperature,  but,  if  anything,  rise  of  temperature  causes 
diminution  in  Isevo-rotation. 

[«]f      [«]r 

Methyl ic  glycerate     -4'80°  -8'31°*     (calculated). 

,,         diacetylglycerate  -12'04  -19"24*     (calculated). 

,,         di-mouochloracetylglycerate  -12'91  -17'99 

,,         di-dichloracetylglycerate...  -13-96  -17*18 

,,         di-triehloracetylglycerate  -14'2  — 15*3 

Ethylic  glycerate  -9-18  -12-55*     (calculated). 

,,       diacetylglycerate    -16-31  -23-09*     (calculated). 

,,       di-monochloracetylglycerate  -16-80  -22-08 

,,       di-dichloracetylglycerate  ...  -18-20  -21-1 

,,       di-trichloracetylglycerate  . .  -18 "7  -18*4 

It  is  interesting  to  compare  with  the  above  the  rotation  of  the 
diphenacetylglycerates,  of  which  only  the  methylic  compound  has  been 
prepared  by  one  of  us  (Trans.,  1896,  69,  111). 

Methylic  diphenacetylglycerate     [a-v^°=  -16-0° 

[«]wo°=-13-4 

From  these  figures  it  will  be  seen  that,  in  rotatory  effect,  the  phen- 
acetyl  group  differs  even  slightly  more  from  the  acetyl  group  than 
does  the  trichloracetyl  group. 

4,  The  introduction  of  a  single  trichloracetyl  group  into  methylic 
and  ethylic  tartrate  respectively  produces  a  change  in  their  rotation 
very  similar  to  that  which  is  effected  by  the  introduction  of  two 
dichloracetyl  groups  into  these  same  compounds,  thus 

[«]r     MT 

Methylic  tartrate  +2-14°       +5-99° 

,,         di-dichloracetyltartrate    +11-9  +10-9 

,,         mono-trichloracetyltartrate +8'4  +10-15 

Ethylic  tartrate +7-66  +13*29 

,,       di-dichloracetyltartrate' +16-3  +17-08 

,,       mouo-trichloracetyltartrate  +15-5  +17-6 

In  this  connection,  it  is  worthy  of  note  that  the  introduction  of  a 
single  monochloracetyl  groupt  produces  an  effect  closely  resembling 
that  which  attends  the  introduction  of  the  trichloracetyl  group,  thus 

Ethylic  mono-monochloracetyltartrate  (slightly  impure)     +11-44°     +17-32° 

and,  as  so  frequently  pointed  out  above,  any  preponderating  influence 
of  the  di-  and  tri-chloracetyl  groups  as  compared  with  that  of  the 
monochloracetyl  group  tends  to  become  equalised  at  a  high  temperature. 

5.  The  influence  which  the  several  groups  under  consideration  in 
this  paper  exercise  on  the  molecular  deviation  ([S]u)  may  be  summarised 
in  the  following  tabular  statements. 

"  The  footnote  on  p.  195  applies  also  here.  +  See  p,  204,  in  next  paper. 
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[8]i*°  Differences 

Methylic  glycerate -27'9°i 


diacetylglycerate     -80-0  '''  ^     j78l  I 

,,         di-monochloracetylglycerate...      —106      { 

1 23  •' 

,,         (li-dichloracetylglycerate  -129      ) 

,,         di-tricliloracetylglycerate -145      1 

Ethylic  glycerate     -528°) 


lori 


117-1 


giyceraie     —  u/io   i    _      \  -i  > 

diacetylglycerate  "  ^^^'^  j   ^^ /^^'^  in3-2 

(li-mnnnplilnrdpp+vlcrl vr>prn±A  —  1 S7         ^  I  .104   ^ 


di-monochloracetylglycerate  ...      -137 
di-dichloracetylglycerate     -166 


29 

di-trichloracetylglycerate    -187      J^ 

[5]i5°  DifiFerences 

Methylic  tartrate +13°    ,  x  ^  >i 

,,         diacetyltartrate    unknowu  |  /  "*"  ^^  - -i- 1 0'? 

,,         di-moiiochloracetyltartrate     ...  -7  ' 

,,         di-dichloracetyltartrate  +116 


}+123  ^ 

\   __^Q  J 

Ethylic  tartrate    +49° 


60 


mouo-trichloracetyltartrate    ...         +73  j      ^' 


diacetyltartrate  unknown |  j'  ,  *,, 


di-monochloracetyltartrate +63*  . 

di-dichloracetyltartrate +155  I    +^^  I 

mouo-trichloracetyltartrate +135  j     ~ -^ 


+  86 


The  relationship  between  the  rotations  of  the  several  compounds  we 
have  investigated,  and  the  influence  of  temperature  on  the  rotation  of 
each,  is  best  shown  by  means  of  the  diagrams,  pp.  199,  201. 

From  the  diagram  p.  201,  it  will  be  seen 

(ft)  That  the  specific  rotations  of  methylic  di-monochloracetyl- 
glycerate and  methylic  di-dichloracetylglycerate  are  identical  at  62°, 
the  rotations  of  the  corresponding  ethylic  compounds  becoming  iden- 
tical at  53°. 

(b)  That  the  methylic  di-dichloracetylglycerate  and  di-trichloracetyl- 
glycerate have  an  identical  specific  rotation  at  21°,  the  corresponding 
ethylic  salts  having  also  an  identical  specific  rotation  at  22°. 

(c)  That  the  specific  rotations  of  the  methylic  di-trichloracetyl- 
glycerate and  di-monochloracetylglycerate  become  equal  at  37°,  the 
rotations  of  the  corresponding  ethylic  compounds,  becoming  equal  at 
almost  exactly  the  same  temperature,  namely,  at  35°. 

Thus  it  would  appear  that  the  influences  which  lead  to  an  equal 
degree  of  asymmetry,  in  the  case  of  the  two  methylic  salts,  are  condi- 
tioned by  the  same,  or  nearly  the  same,  temperature  as  conditions  an 
equal  degree  of  asymmetry  in  the  case  of  the  two  ethylic  compounds. 

Mason  Univbrsit?  College, 
Birmingham. 
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Injinence  of  Temperature  on  the  Molectdar  Deviation  of  the  Compounds 

described. 


+  150 


+  100 


+  50  - 


4J 
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Influence  of  Temperature  on  the  Specific  Rotation  of  the  Compounds 

described. 


+  15 


+  10 
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XIV. — Rotation  of  Ethylic  and  Methylic  Di-mono- 

chloracetyltartrates. 

By  Percy  Fkankland,  F.R.S.,  and  Andrew  Turnbull,  Ph.D. 

As  pointed  out  in  the  previous  paper  (P.  Frankland  and  Patterson,  pp. 
192,  193),  the  rotations,  densities,  and  boiling  points  found  for  ethylic 
and  methylic  di-monochloracetyltartrates  differ  materially  from  those 
given  for  the  same  substances  by  Freundler  (Bull.  soc.  chim.,  1895, 
[iii],  13,  1055—1063),  and  in  order  to  put  the  accuracy  of  these 
results  to  the  test  we  have  again  prepared  these  substances,  using 
some  modifications  in  the  method,  and  redetermined  their  optical 
properties. 

Ethylic  Di-monochlwacetyltartrate. 

New  Preparation,  No.  1. — In  this  case,  25  grams  of  ethylic  tartrate 
(aD=  +9-3°,  for  20°  and  ^=  1,  or  [a]?j"'=  +7-71°)  were  slowly  added  to 
50  grams  of  monochloracetyl  chloride  (nearly  double  the  theoretical 
quantity)  heated  in  an  oil  bath  at  145°,  the  temperatux-e  of  the  bath 
being  then  raised  to  160°  for  3  hours  ;  the  excess  of  acid  chloride  was 
then  distilled  off  at  the  ordinary  pressure,  and  the  residue  fractionated 
under  diminished  pressure.  In  this  manner  a  product  was  obtained 
exhibiting  the  constant  rotation 

aD=  +5-2°,  Z=0-498,  «  =  20°;  c^  20°/4°- 1-3213. 

\a\^'=  — =  +7-90°. 

^   -"^      0-498  X  1-3213 

Thus  both  in  the  matter  of  density  and  rotation  this  product  confirmed 
the  results  recorded  in  the  preceding  paper.  The  boiling  point  was 
207—208°  (12  mm.  pressure). 

The  chlorine  was  also  determined  with  the  following  results. 

I.  0-2367  required  0-2232  AgNO,,.     CI  =  19-69  per  cent, 
gave      0-1871  AgCl.  '      CI  =  19-55 
II.  0-2247  required  0-2109  AgNOg.     Cl  =  19-60 
gave      0-1794  AgCl.        Cl=:  19-74 
C^2Hiy08Cl2  requires  CI  =  19-78  per  cent. 

In  addition  to  this,  there  was,  however,  a  considerable  quantity  (17-8 
grams)  of  a  lower  boiling  fraction  (185—198°  under  10  mm.  pressure) 
obtained,  which  exhibited  a  rotation. 

[air-— ^^ ^=+9-62^      (aD=  +12-4°,  ;- 1-0045, 

L   J°    ,  1-0045x1-2825  U  20°.  ci  20=/4«^  1-2825). 
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The  chlorine  was  determined  with  the  following  results. 

0-1845  required  0-1328  AgNO.,.     CI  =  15-03  per  cent, 
gave      0-1101  AgCl.        01  =  14-76 
Ethylic  di-monochloracetyltartrate,  CjoHj^OgCl^  requires  01  =  19-78  °/o 
„  mono-monochloracetyltartrate,  CioHjgOyO],        „        01  =  12-57    „ 

From  this  it  would  appear  that  the  fraction  of  lower  boiling  point 
contains  the  monacidyl  compound,  which,  on  this  hypothesis,  has  a 
higher  dextro-rotation  than  the  diacidyl  salt. 

We  have  pursued  this  question  of  the  probable  rotation  of  ethylic 
wiowo-monochloracetyltartrate  farther.  Thus,  after  the  above  product 
had  stood  for  many  months,  we  fractionated  it  under  diminished  pres- 
sure, and  obtained  8  grams  boiling  principally  below  104°,  and  6  grams 
boiling  between  175°  and  197°  (pressure  =  15  mm.).  The  fraction  of 
low  boiling  point  proved  to  be  almost  inactive  ;  the  higher  fraction 
exhibited  a  rotation  ao=  +11-90°  {^  =  20°,  ^=1),  whilst  the  chlorine 
was  only  9-57  per  cent.,  and  thus  too  low  for  ethylic  mono-monochlor- 
acetyltartrate.  It  was  then  dissolved  in  benzene,  shaken  up  with 
water  for  4  hours,  and,  after  separating,  the  benzene  solution  was 
dried  with  anhydrous  sodium  sulphate,  the  benzene  being  finally  eva- 
porated. The  rotation  of  the  I'esidue  thus  obtained  was  aD=  +  14-70° 
(<  =  20°,  Z=l). 

0-1757  required  0-1093  AgNO^.     01  =  12-99  per  cent. 
„      gave         0-0922  AgOI.  "      01=12-97       „ 

On  combustion, 

0-1679  gave  0-2580  00^  and  0-0783  H2O.     0  =  41  -90  ;  H  =  5-18. 

Theory  for  ethylic 

, ' , 

Mono-  Di-monochloracetyltartrate. 

CioHj^O^Cl.  CjoHjeOgClo. 

Ohlorine    12-57  19-78  per  cent. 

Hydrogen 5-31  446       „ 

Oarbon 42-48  40-12 

The  above  figures  show  that  the  product  was  ethylic  mono-monochlor- 
acetyltartrate,  still  mixed  with  a  very  small  proportion  of  ethylic  di- 
monochloracetyltartrate.  As  we  had  not  sufiicient  material  for  fur- 
ther purification,  the  specific  rotation  was  determined  at  20°  and 
at  100°. 

Rotation  oj  Ethylic  Mono-monochloracetyltartrate  {sliyhtly  impure). 

Observed  rotation  Density  compared 

Temp.         ill  43-67  mm.  tube,  with  water  at  4".  [«]i>. 

20°                 4-6-38  1-2775  +11*44° 

99-3               +9-03  1-1937  +17*32 
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The  density  determiuatioiis  actually  made  were,  c?  20^/4"=  1  "2775 
d  6274°=  1-2331. 

Thus  the  above  monacidyltartrate  has  a  much  higher  detro-rotation 
than  the  con-esponding  diacidyl  compound,  the  difference  between  the 
tAVo  increasing  with  rise  of  temperature. 

New  Preparation,  No.  2. — Yet  another  preparation  was  made,  again 
modifying  the  method.  On  this  occasion,  27  grams  of  ethylic  tartrate 
([a]p  —  +7'71°)  were  slowly  added  to  120  grams  of  monochloracetyl 
chloride  in  an  oil  bath  heated  to  142°.  The  addition  of  the  tartrate 
occupied  2  ^hours,  after  which  the  temperature  of  the  oil  bath  was 
raised,  and  maintained  at  160°  for  5  hours.  The  excess  of  acid  chloride 
was  distilled  off,  and  the  residue  then  fractionated  under  diminished 
pressure  with  the  result  that  only  about  1  c.c.  passed  over  below  185° 
(14  mm.  pressure),  whilst  35  grams  were  obtained  between  190 — 205° 
The  latter  fraction  was  dissolved  in  about  100  c.c.  of  benzene,  and  the 
solution  shaken  with  a  strong  solution  of  sodium  carbonate  for  5 
hours;  after  separation,  the  greater  part  of  the  benzene  was  distilled 
off,  and  the  residue  precipitated  with  light  petroleum,  this  precipi- 
tation from  benzene  solution  by  means  of  light  petroleum  being 
repeated  a  second  time.  It  was  then  found  that  the  rotation  was 
constant. 

10-22 

L*^]!)"  =R)rr'i-9i^=  +7-74°.  (aD-  +10-22°,  ^=1-0,  <  =  20°, 

^^+^'^-^'^  d   2074°=  1-3213,   the    den- 

sity was  assumed  to  be  the 
same  as  before.) 

The  product  was  then  fractionally  distilled  under  reduced  pi'essure  ; 
only  about  1  c.c.  passed  over  below  206°  (15  mm.  pressure),  pi-actically 
the  whole  being  obtained  at  205 — 209°  (12  mm.  pressure). 

The  rotation  of  this  product  was  determined,  after  which  it  was  re- 
fractionated  under  reduced  pressure,  nearly  the  whole  passing  over 
between  207  and  209°  (17  mm.  pressure,  oil  bath  246°) ;  as  the  rotation 
was  now  practically  constant,  the  following  more  detailed  polarimetric 
observations  were  made. 

Rotation  of  Ethylic  Di-ononochloracetyltartrate> 
{New  j)'>'eparation  before  crystallisation.) 

Observed  rotation  Density  compared 

Temp.  iu  99-9  mm.  tube.  with  water  at  4°.                 [a]^ 

20°  -1- 10-26  1-3227  +7-76° 

13-5  +9-69  1-3301  +7-29 

100  +14-81  1-2342  +12-01 

72  +13-36  1-2643  +10-58 

40  +11-55  1-3000  +8-89 
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The  density  determinations  actually  made  were 

d  1874°=  1-3250.         d  4074°=  1-3000.         d  6074"=  1-2773. 
d  80°/ 4°  =  1-2557.         d  10074°=  1-2342. 

Hitherto  the  ethylic  di-inonochloracetyltartrate  had  only  been  ob- 
tained as  a  viscid  liquid,  and  it  is  so  described  by  Freundler  also,  but 
on  allowing  the  product  on  which  the  above  observations  had  been 
made  to  stand  for  a  few  days  in  a  cold  place,  it  set  to  a  solid  mass  con- 
sisting of  long,  i-adiating,  colourless  needles  ;  this  was  spread  on  porous 
porcelain  to  remove  the  small  quantity  of  still  liquid  matter,  and  the 
previous  preparations  were  also  easily  made  to  solidify  by  sowing  with 
crystals ;  it  was,  howevei-,  not  found  possible  to  recrystallise  the  sub- 
stance from  solvents,  since  it  always  separated  as  an  oil,  so  that  the 
only  available  method  of  further  purification  consisted  in  spreading 
on  porcelain  before  solidification  was  complete.  After  submitting  the 
substance  to  this  treatment,  the  melting  point  was  found  to  be  27°, 
whilst  the  polarimetric  results  were 

notation  of  Ethylic  Di-monochloracetyltartrate, 

{^New  preparation  after  crystallisation.) 

Observed  rotation 

Temp.  in  49-85  mm.  tube. 

20°  4-5-03° 

11-5  +4-66 

100  +7-23 

74  +6-58 

40-5  +5-64 

The  density  determinations  actually  made  were 

cZ20°/4°=  1-3266.        cZ  40°/4°=  1-3019.        (Z  60°/4°=  1-2797. 
^8074°  =  1  -2570.         d  10074°  =  1  -2340. 

,    With  this  solid  product  also,  the  following  analytical  determinations 
were  made. 

I.  0-2003  required  0-1909  AgNO.,.     CI  =  19-90  per  cent, 
gave     0-1628  AgCl.         CI  =  20- 10        „ 
II.  01954  required  0-1890  AgNO,.     CI  =  20-20 
gave     0-1591  AgCl.         CI  =  20-13 
III.  0-1970      gave     0-2895  COg  and  0-0795  H^O.  C  =  40-07 ;  H  =  4-48. 

CiaHieOgClo  requires  Cl=  19-78;  H  =  4-46;  C  =  40-12  per  cent. 
(Ethylic  (U-mouochloracetyltavtrate) 

Thus  the  polarimetric  results  obtained  with  the  crystalline  substance 
differ  but  very  slightly  from  those  which  we  had  previously  observed 


Density  compared 
with  water  at  4°. 

[«]» 

1-3266 

+  7-61° 

1-3368 

+  690 

1-2340 

+  11-75 

1-2636 

+  10-45 

1-3013 

+  8-69 
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with  the  purified  liquid  products,  and  the  difference,  such  as  it  is 
points  to  the  dextro-rotation  of  the  liquids  being  a  very  little  too  high 
probably  in  consequence  of  traces  of  the  monacidyltartrate  being  still 
present ;  on  this  assumption,  the  still  higher  dextro-rotation  of  M. 
Freundler's  liquid  product  is  attributable  to  the  presence  of  a  larger 
proportion  of  monacidyltartrate,  and  that  the  latter  possesses  a  much 
higher  dextro-rotation  we  have  shown  on  pp.  204 — 5. 

Methylic  D i-monochloracetyltartrate. 

New  Preparation. — Twenty-fivegramsof  methylictartrate(a„  =  +  2'7i)", 
l=^\,t  =  20°)  were  slowly  added  to  96  grams  of  monochloracetyl  chloride 
(b.  p.  103 — 105°)  heated  in  an  oil  bath  at  145°;  after  the  addition  of 
the  tai'trate,  which  occupied  about  2  hours,  the  temperature  was 
maintained  at  145°  for  4  hours  more.  After  the  excess  of  acid 
chloride  had  been  distilled  off  at  atmospheric  pressure,  54*5  grams 
being  recovered,  the  residue  was  fractionated  under  reduced  pressure, 
about  2  grams  being  obtained  at  96 — 110°  (15  mm.  pressure),  and  the 
remainder  at  195 — 210°  (12  mm.  pressure).  The  latter  was  refrac- 
tionated,  the  main  portion  being  collected  betweed  195°  and  206  "5° 
This  was  dissolved  in  benzene  and  shaken  up  with  a  solution  of  sodium 
carbonate  for  4  hours ;  after  separating,  the  benzene  solution  was 
dried  with  potassium  carbonate  and  nearly  all  the  benzene  distilled 
off ;  on  being  kept  for  a  few  days  in  a  cool  place,  white  crystals 
separated,  which  were  dried  on  porcelain  and  then  crystallised  from  a 
mixture  of  benzene  and  light  petroleum.  The  crystals  thus  obtained 
melted  at  54°,  but  not  sharply  ;  on  recrystallisation,  a  sharp  melting 
point  of  55°,  as  before,  was  obtained.  The  substance  was  again 
recrystallised  and  then  analysed. 

I.  0-1527  required  0-1599  AgNOy.      01  =  21-87  per  cent, 
gave        0-1335  AgCl.         CI  =  21-62 
II.  0-2124  required  0-2206  AgNOg.      01  =  21-69 
„       gave         0-1865  AgOl.         01  =  21-71 
III.  0'2328  gave  0-3120  00^  and  0-0787  HgO.  0  =  36-55;  H  =  3-76. 
CioHioOgCls  requires  01  =  21-45  ;  H  =  3-63  ;  0  =  36-25  per  cent. 
(Methylic  di-mouochloracetyltartrate. ) 

The  rotation  having  been  shown  to  be  unaffected  by  further  recrystal- 
lisation, the  following  more  detailed  polarimetric  observations  were 
made. 
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Rotation  of  Methylic  Di-nionochloraceti/ltartrate. 
{New  preparation.) 


01 

wcivcd  rotation 

Density  compared 

Temp. 

iu 

50-38  mm.  tube. 

with 

water  at  4°. 

[«],. 

100° 

+  1-62°  ' 

1-3245 

+  2-43' 

72-72-5 

+  0-73 

1-3575 

+  1-07 

59 

+  0-35 

1-3735 

+  0-51 

41—41-5 

-0-01 

1-3945 

-0-01 

24—24-5 

-0-47 

1-4171 

-0-6G 

18 

-  0-49 

1-4251 

-0-68 

Tlic  following  were  the  density  determinations  actually  made 

cZ  2074°=  1-4224.        c^  4074°  =1-3957.         cZ  6074°=  1-3723. 
c^  8074°=  1-3476.        d  10074°=  1-3245. 

This  re-preparation  of  the  methylic  salt  has,  as  in  the  case  of  the 
ethylic  compound,  therefore,  only  served  to  confirm  the  results  recorded 
in  the  preceding  paper. 

The  repeated  preparation  of  the  ethylic  and  methylic  di-monochlor- 
acetyltartrates  by  two  diilerent  operators,  as  recorded  in  this  and  the 
fox-egoing  paper,  in  each  case  with  practically  the  same  result,  and 
the  fact  that  both  compounds  have  ultimately  been  obtained  by 
us  in  the  crystalline  form,  would  appear  to  place  the  figures  -which  we 
have  given  for  the  rotation,  density,  &c.,  of  these  substances  altogether 
beyond  question. 

The  principal  diiiiculty  attending  the  preparation  of  tliese  compounds 
is  the  circumstance  that,  unless  a  large  excess  of  the  acid  chloride  be 
employed,  a  considerable  proportion  of  the  monacidyltartrates  will  be 
formed,  and  these,  as  we  have  shown,  possess  a  markedly  greater 
dextro-rotation,  so  that  unless  these  monacidyltartrates  are  carefully 
removed,  the  rotation  obtained  for  the  di-acidyl  compound,  will  be  too 
high.         . 

Mason  University  Collegk, 
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XV. — A  Chemical  Investigation  of  the  Constituents  of 
Indian  and  American  Podophyllum  [Podoj^hyllum 
emodi  and  Podophyllum  p>eltatum). 

ByWYNDHAM  R.  DuNSTAN,  F.R.S.,  and  T.  A.  Henry,  Salters'  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute. 

Podophyllum  emodi  is  a  small,  herbaceous  plant  which  grows  abundantly 
in  Northern  India  ;  it  is  figured  and  briefly  described  in  Royle's 
Illustrated  Botany  of  the  Himalayas.  The  root,  or,  more  strictly,  the 
rhizome,  has  long  been  used  in  Indian  medicinal  practice  for  the  same 
purpose  as  that  for  which  the  allied  American  plant,  Podophyllum 
peltatum,  is  employed  in  Europe  and  America.  It  acts  as  a  powerful 
purgative,  and,  in  particular,  beneficially  affects  the  liver.  It  has  been 
frequently  suggested  that  the  constituents  of  both  rhizomes  are  very 
similar,  but  they  have  never  been  completely  examined  (Watt's 
Dictionary  of  the  Economic  Products  of  India,  6,  Part  I.  ;  Dymock, 
Imperial  Institute  Ila^idbooks  of  Commercial  Products,  No.  3  ;  Umney, 
Pharm.  Journal,  [iii],  12,  217  ;  Thompson,  Amer.  Journ.  Pharm., 
1891). 

The  chemical  constituents  of  the  rhizome  of  the  A^mevicSkVi Podophyllum 
peltatum  have,  however,  been  made  the  subject  of  several  investigations. 
First,  in  1832,  Hodgson  prepared  the  mixture  of  resins  known  and 
largely  used  in  medicine  as  "  podophyllin,"  by  precipitating  a  concen- 
trated alcoholic  extract  of  the  rhizome  with  water  ;  this  is  now  manu- 
factured on  a  large  scale,  and  is  the  form  in  which  *  podophyllum  '  is 
usually  administered  as  a  drug.  The  first  important  contribution  to 
the  chemistry  of  podophyllum  was  that  made  by  Podwyssotski  {Pharm. 
Journ.,  [iii],  12,  217,  1011)  ;  this  chemist  showed  that  the  rhizome 
did  not,  as  was  previously  supposed,  contain  the  alkaloid  berberine ; 
he  isolated  from  it  three  substances  which  he  named  podophyllotoxin, 
podophyllic  acid,  and  j^odophylloquercetin  respectively.  To  the  first  of 
these  he  attributed  the  characteristic  purgative  action  of  the  drug,  but 
the  others  he  believed  to  be  physiologically  inert ;  the  first  two  he  did 
not  succeed  in  obtaining  in  a  crystalline  condition,  the  third  was  a 
crystalline,  yellow  colouring  matter. 

He  f mother  showed  that  when  podophyllotoxin  is  acted  on  by 
alkaline  solutions,  it  is  decomposed,  furnishing  two  new  substances, 
one  crystallising  in  long  needles  with  a  silky  lustre,  which  he  named 
picropodophyllin,  and  the  other  a  gelatinous  substance  having  the 
characters  of  an  acid,  which  he  called  jjicropodophyllic  acid. 

Kursten   {Arch.    Pharm.,  1891,  229,    220—248),  who   considerably 
VOL.    LXXIII.  P 


210   DUNSTAN  AND  HENRY  :   A  CHEMICAL  INVESTIGATION  OF  THE 

amplified  the  work  of  Podwyssotski,  succeeded  in  crystallising  podo- 
phyllotoxin,  and  ascribed  to  it  the  composition  represented  by  the 
formula  C23Ho409,2H20.  He  showed  also  that  by  the  action  of  alkalis  it 
is  converted  into  an  isomeride  picropodophyllin,and  concluded  that  the 
picropodophyllic  acid  of  Podwyssotski  simultaneously  produced  is  an 
oxidation  product  which  can  be  prepared  by  the  action  of  permanganate 
in  alkaline  solution.  He  expressed  its  composition  by  the  formula 
C20H24O9  and  called  it  podophyllic  acid.  He  obtained  this  acid  crys- 
talline, and  ascertained  its  molecular  weight  through  the  analysis  of 
its  copper  salt ;  he  also  determined  that  both  picropodophyllin  and 
podophyllotoxin  have  the  same  composition,  and  contain  thx'ee  methoxyl 
groups.  The  composition  of  Podwyssotski's  podophylloquercetin  he 
represented  by  the  formula  CgoH^gOjQ,  and  prepared  crystalline  hex- 
acetyl  and  hexabenzoyl  derivatives  from  it ;  from  an  examination  of 
these  derivatives,  and  of  the  methyl  ether  of  the  colouring  matter, 
he  came  to  the  conclusion  that  podophylloquercetin  and  quercetin  (from 
quei'citron  bark)  are  not  identical. 

Very  little  has  so  far  been  done  in  the  chemistiy  of  Podophyllum 
emodi.  The  amount  of  resin  in  the  rhizome  has  been  estimated  by 
Dymock  and  Hooper  [Pharmacographia  IndAca),  and  also  by  J.  C. 
Umney  {Pharm.  Journ.,  [iii],  23,  207),  who  showed  that  it  contains 
Podwyssotski's  amorphous  podophyllotoxin,  but  in  smaller  quantity 
than  the  American  rhizome. 

The  objects  of  the  present  investigation  were  to  decide  whether  or 
not  the  constituents  of  the  American  and  Indian  plants  are  identical, 
to  determine  their  constitutions  as  far  as  possible,  and  to  ascertain 
whether  the  rhizome  of  the  latter  plant  could  be  used  as  a  source  of 
the  medicinal  resin  '  podophyllin.'  In  addition  to  the  chemical  ex- 
amination, physiological  and  thei'apeutical  investigations  of  the  action 
of  the  several  constituents  have  been  instituted,  and  the  results  of 
these  will  be  separately  published. 

Briefly  stated,  the  principal  results  we  have  obtained  are  as  follows. 
We  have  proved  that  the  constituents  of  P.  emodi  are  identical  with 
those  of  F.  j)dtatum.  Crystalline  podophyllotoxin  is  shown  to  have 
the  composition  repi-esented  by  the  formula  OyJl-^^^O^^^^Yl.fi ;  when 
acted  on  by  aqueous  alkalis  it  is  converted  into  the  isomeric  picro- 
podophyllin ;  the  gelatinous  acid  first  produced  in  this  reaction  is 
the  acid  corresponding  to  the  lactone  picropodophyllin,  and  not  an 
oxidation  product,  as  Kursten  supposed.  It  is  also  shown  that  both 
podophyllotoxin  and  picropodophyllin  contain  two  methoxyl  groups, 
that  both  furnish  monobromo-derivatives,  and,  when  fused  with 
potash,  yield  orciuol  and  acetic  acid,  also  that  both  furnish  dimethyl- 
naphthalene  when  distilled  with  zinc  dust.  The  formula  Cj^Hj^Og  is 
assigned   to  podophyllotoxin  and    picropodophyllin,  and  O^j^HjgOy  to 
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podophyllic  acid,  and  structural  formulae  are  suggested  for  these 
substances,  exhibiting  them  as  derivatives  of  a  substituted  phenylated 
hydro-y-pyrone.  The  yellow  colouring  matter  has  been  completely 
purified,[analysed,  and  shown  to  have  the  composition  represented  by  the 
formula  C^jHjyO;  3  it  yields  a  pentacetyl  dei'ivative  melting  at  192°,  a 
tetramethyl  ether  (m.  p.  156°),  and  a  compound  with  sulphuric  acid 
corresponding  exactly  with  the  quercetin  compound.  When  fused 
with  potash,  it  yields  phloroglucinol  and  protocatechuic  acid.  From 
this  experimental  evidence  it  is  concluded  that  the  colouring  matter 
is  identical  with  the  quercetin  of  quercitron  bark,  and  that,  therefore, 
the  use  of  the  name  podophylloquercetin  is  unnecessary. 

The  removal  of  podophyllotoxin  and  podophylloquercetin  from  '  podo- 
phyllin  '  left  a  dark  coloured,  i^esinous  powder,  which  was  still  physio- 
logically active  ;  attempts  were  therefore  made  to  isolate  this  active 
substance  from  the  residue.  By  treating  it  with  absolute  alcohol, 
followed  by  fractional  precipitation  of  the  solution  with  water,  a  viscid, 
brown  resin  was  obtained,  which  proved  to  be  active  as  a  purgative ; 
all  attempts  to  crystallise  this  viscid  resin  were  unsuccessful.  In 
the  purest  form  in  which  we  have  obtained  it,  it  is  a  transparent, 
reddish-brown  substance,  softening  and  becoming  semi-liquid  a  few 
degrees  above  the  atmospheric  temperature.  It  yields  a  crystalline 
acetyl  derivative,  and  from  this  we  have  ascertained  indirectly  that 
the  podophyllo-resin  probably  has  the  formula  CjoH^.^O^. 

We  are  indebted  to  Dr.  H.  W.  G.  Mackenzie,  assistant  physician  to 
St.  Thomas's  Hospital,  and  Mr.  W.  Dixon,  M.B.,  Salters'  Research 
Fellow  in  Pharmacology  at  St.  Thomas's  Hospital,  for  having  examined 
the  thei'apeutic  effects  and  the  physiological  action  of  the  constituents 
we  have  obtained  from  Podophyllum  emodi.  An  account  of  their  work 
will  be  published  in  a  separate  form,  and  only  the  general  conclusions 
will  be  indicated  here.  Therapeutic  trial  has  proved  that  the  podo- 
phyllin  prepared  from  Podophyllum  emodi  is  as  valuable  a  purgative 
as  the  podophyllin  obtained  from  P.  peltatum.  The  action  of  this 
resinous  mixture  is  due  partly  to  the  podophyllotoxin  it  contains,  and 
partly  to  the  active  •  podophyllo-resin  '  mentioned  above.  Owing  to 
its  intensely  irritating  action  internally,  even  when  given  in  small 
doses,  podophyllotoxin  is  unsuitable  as  a  medicinal  substitute  for  podo- 
phyllin^  whilst  podophyllo-resin  would  seem  to  present  no  therapeutic 
advantage  as  compared  with  the  podophyllin  now  employed.  Picro- 
podophyllin,  picropodophyllic  acid,  and  the  quercetin  are  very  slightly, 
if  at  all,  active  as  purgatives. 

Since  P.  emodi  furnishes  more  podophyllin  than  P.  2^6ltcctum,  the 
Indian  plant  is  of  greater  value  as  the  source  of  this  resin.  Appended 
to  this  paper  are  results  of  determinations  of  the  amount  of  resin  con- 
tained in  the  rhizomes  of  plants  collected  in  different  districts  of  the 
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Punjab  under  the  supervision  of  Dr.  George  "Watt,  C.I.E.,  Reporter 
on  Economic  Products  to  the  Government  of  India. 


Podophyllotoxin . 

Podwyssotski  had  shown  that  podophyllotoxin  is  precipitated  when  a 
chloroform  extract  of  the  rhizome  of  P.  peltatuin  is  added  to  a  large 
excess  of  light  petroleum,  and  Kursten  had  found  that  by  fractionally 
precipitating  a  chloroform  solution  of  this  crude  podophyllotoxin  a 
crystalline  substance  (podophyllotoxin)  could  be  obtained.  The  method 
we  finally  adopted,  after  many  trials,  consisted  in  preparing  the 
mixture  of  resins  (podophyllin)^from  the  rhizome  of  P.  emodi  and  then 
percolating  this,  in  a  Soxhlet  extractor,  with  chloroform  ;  the  chloro- 
form was  distilled  from  the  percolate,  the  dark  brown  extract  boiled 
with  benzene,  and  the  hot  benzene  solution  filtered  into  a  cold  flask 
and  allowed  to  cool  somewhat ;  by  this  means,  a  good  deal  of  resin  was 
easily  removed.  The  solution  was  then  poured  from  the  deposited 
resin,  boiled  for  some  time  with  animal  charcoal,  filtered,  and  set  aside 
for  several  days,  when  almost  colourless  crystals  of  podophyllotoxin 
were  obtained.  These  were  purified  by  recrystallisation  either 
from  a  mixture  of  chloroform  and  petroleum,  or  from  alcohol  and 
water. 

The  pure  substance,  which  forms  colourless  needles  melting  at  117*^, 
is  easily  soluble  in  alcohol,  acetone,  chloroform,  and  hot  benzene,  but 
only  slightly  in  water.  Its  taste  is  very  bitter.  Analysis  of  a  carefully 
purified  specimen,  which  had  been  dried  at  110°  until  no  further  loss 
of  water  occurred,  gave  the  following  results. 

0-1121  gave  0  2534  CO2  and  0-514  HgO.     0  =  61-65  ;  H  =  5-09. 

0-142       „     0-324600^    „    0-611  HgO.     C  =62-24 ;  H  =  4-78. 

0-1328     „     0-3025  CO2    „    0-0667  HgO.  C  =  62-13  ;  H  =  5-57. 

Mean  C  =  62-00;  H  =  5-1 1.    Cj^Hj^O^  requires  C  =  62-06 ;  H  =  4-82  p.  c. 

We  therefore  adopt  this  formula  as  simpler  than  that  suggested  by 
Kursten,  a2^Il2P.^,2iip. 

tSpeciJlc  Potation  of  Podojjhyllotoxin. — For  the  determination  of  this 
constant,  an  alcoholic  solution  containing  2'417  grams  in  100  c.c.  of 
absolute  alcohol  was  used  in  a  2-decimetre  tube  with  Laurent's  half- 
shade  polarimeter.     The  compound  is  strongly  Isevorotatory. 

The  mean  of  ten  readings  was  -  4°  35'. 

100  X  4°  35' 
Hence  the  specific  rotation  [a]o  is  — —  =  -  94°  48'. 

Water  of  Crystallisation. — When  podophyllotoxin  is  crystallised  from 
a  mixture  of  alcohol  and  water,  it  separates  as  a  hydrate.  A  determi- 
nation of  the  water  gave  the  following  result. 
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0-2988  dried  at  100°  for  2  hours  lost  0-0302  ;  further  dried  at 
110°  until  the  weight  was  constant,  it  lost  O'OOIS  ;  no  further  loss 
occurred  at  120°.  0-2988  therefore  contains  0-0315  =  10-5  percent. 
^i5^i4^6'^-'^2^  requires  11-2  per  cent,  of  water  of  crystallisation. 

Anhydrous  Podophyllotoxin. — The  dried  podophyllotoxin  obtained  in 
the  previous  experiment  was  dissolved  in  absolute  alcohol,  and  the 
solvent  then  removed  by  exposure  in  a  vacuous  desiccator.  As  the 
solution  became  concentrated,  crystals  of  anhydrous  podophyllotoxin 
melting  at  157°  were  obtained  ;  these  pass  into  the  ordinary  hydrated 
substance  when  recrystallised  from  alcohol  by  adding  water.  It  was 
afterwards  found  that  a  very  convenient  method  of  obtaining  anhydrous 
podophyllotoxin  consists  in  heating  the  hydrated  substance  at  its 
melting  point  (117°)  for  a  few  minutes,  dissolving  the  product  in  dry 
chloroform,  and  adding  dry  light  petroleum  until  the  mixture  is 
slightly  turbid  ;  after  standing  a  few  hours,  the  anhydrous  substance 
crystallises  out.  On  exposure  to  air  and  light  for  several  weeks, 
anhydrous  podophyllotoxin  acquires  a  purple  colour ;  the  hydrated 
substance,  on  the  contrary,  appears  to  be  quite  stable  under  these 
conditions.  The  specific  rotation  of  an  alcoholic  solution  of  anhydrous 
podophyllotoxin  was  found  to  be  [a]ij  =   -  78°  4'. 

J        Picropodophyllin. 

If  podophyllotoxin  is  boiled  with  aqueous  alkalis  until  com- 
pletely dissolved,  and  the  liquid  is  then  acidified  with  dilute  mineral 
acids,  a  white  px-ecipitate  is  thrown  down ;  this  is  soluble  in  hot 
alcohol,  and  on  cooling  is  deposited  in  the  form  of  silky  masses  of  long 
needles,  melting  at  227°.  It  has  all  the  properties  of  Podwyssotski's 
picropodophyllin.  It  was  found  to  be  soluble  in  chloroform,  acetone, 
and  hot  alcohol,  and  nearly  insoluble  in  cold  alcohol  and  water.  Like 
podophyllotoxin,  it  has  an  extremely  bitter  taste,  but  has  no  rotatory 
action  on  polarised  light.  Analysis  of  a  carefully  purified  specimen 
gave  the  following  results. 

0-0895  gave  0-203  CO^  and  0-0436  HgO.     C  =  61-86;  H  =  5-42. 
0-1253     „     0-2841  CO^  „    00604  HgO.     0  =  61-74;  H  =  5-35. 
MeanO  =  61-8 ;  H  =  5-38.   OigH^^Oe requires 0  =  62-06 ,  H  =  4-82percent. 

Picropodophyllin,  therefore,  appears  to  be  isomeric  with  podophyllo- 
toxin. As  further  proof  of  the  isomerism  of  podophyllotoxin  and  picro- 
podophyllin, it  should  be  added  that  when  podophyllotoxin  is  heated  in 
sealed  tubes  with  water  or  dilute  hydrochloric  acid,  some  picropodophyl- 
lin is  formed,  and  although  decomposition  products,  such  as  met  hylic 
alcohol,  &c.,  have  been  carefully  searched  for,  none  have  been  found. 

The  difference  of  even  a  methyl  group  makes  a  considerable  difference 
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in  the  percentage  composition  of  this  molecule ;  thus,  supposing  picro- 
podophyllin  to  be  methylpodophyllotoxin,  Ci5Hj30g*CH3,  this  formula 
would  require  0  =  63-15  ;  H  =  5-2  per  cent. 

The  results  of  the  combustion  of  picropodopbyllin  recorded  above 
cannot  be  reconciled  with  this,  and  the  presence  of  an  extra  methoxyl 
or  acetyl  group  would  make  the  difference  greater  still. 

On  the  other  hand,  the  combustions  of  podophj^lotoxin  are  uniformly 
slightly  lower  in  carbon  than  those  of   picropodopbyllin. 

Podophyllotoxin  ...  61-64  61-53  61-13  61-51  61-40  mean61-4 
Picropodopbyllin...     61-86     61-74     61-93  „     61-8 

But  we  believe  that  this  is  explained  by  the  difficulty  of  obtaining 
podophyllotoxin  completely  anhydrous.  The  'facts  recorded  subse- 
quently greatly  strengthen  the  supposition  that  the  two  compounds 
are  isomeric. 

From  the  experiments  we  have  made,  it  does  not  appear  that  picro- 
podophyllin  is  an  actual  constituent  of  the  plant. 

Podophyllic  Acid. 

If  the  solution  obtained  by  boiling  podophyllotoxin  with  alkali  is 
carefully  cooled  and  then  acidified  by  adding  dilute  acetic  acid,  no  pre- 
cipitation occurs,  but  on  standing  for  several  hours  (unless  the  solution 
is  very  concentrated)  the  whole  solidifies  to  a  transparent  jelly.  If 
this  jelly  is  dissolved  in  alcohol  and  the  solution  allowed  to  stand, 
almost  the  whole  of  the  podophyllotoxin  originally  used  is  obtained  in 
the  form  of  picropodopbyllin.  It  is  therefore  evident  that  a  very  close 
connection  exists  between  picropodopbyllin  and  the  gelatinous  acid, 
which  is  probably  the  principal  constituent  of  Podwyssotski's  picro- 
podophyllic  acid,  and  Kursten's  podophyllic  acid.  We  propose  to  retain 
for  it  the  name  of  'podophyllic  acid. 

If  picropodopbyllin  itself  is  boiled  with  alkalis  it  dissolves,  and  if 
this  solution  is  cooled  and  acidified  with  acetic  acid,  it  also  gelatinises. 

All  attempts  to  isolate  this  gelatinous  substance  failed  ;  when  di.s- 
solved,  it  invariaV)ly  gives  only  picropodopbyllin  on  removing  the  sol- 
vent, and  when  exposed  in  the  vacuous  desiccator,  it  leaves  only  a  mass 
of  crystals  of  picropodopbyllin.  It  is  apparently  an  acid,  since  it  redis- 
solves  on  the  addition  of  alkaline  solutions,  but  as  it  does  not  react 
with  any  of  the  ordinary  indicators,  it  is  difficult  to  prepare  salts  by 
direct  neutralisation.  It  was  found  possible,  however,  to  prepare 
crystalline  salts  by  the  following  method.  Picropodopbyllin  or  podo- 
phyllotoxin is  dissolved  in  hot  alcohol,  and  a  sufficient  quantity  of 
.alcoholic  soda  added  to  this  solution,  the  mixtui'e  is  then  boiled  for 
some  time,  and  when  crystals  begin  to  form  the  mixture  is  allowed  to 
cool,  and  the  crystalline  precipitate  filtered  off,  washed  once  or  twice 
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with  alcohol  and  ether,  and  dried.  It  can  be  recrystallised  from  water 
or  alcohol. 

An  aqueous  solution  of  this  substance  gelatinises  when  acidified 
with  acetic  acid,  and  from  this  gelatinous  material  picropodophyllin  is 
obtained  by  dissolving  it  in  hot  alcohol,  and  the  substance  when  heated 
in  a  dry  test  tube  yields  a  residue  of  sodium  carbonate ;  the  substance 
must  therefore  be  the  sodium  salt  of  podophyllic  acid. 

From  this  crystalline  sodium  salt,  a  silver  salt  was  prepared  by 
double  decomposition.  Silver  podophyllate  is  somewhat  soluble  in 
water,  and  is  very  unstable,  becoming  dark  grey  in  a  few  minutes 
when  exposed  to  light. 

Analysis  of  two  specimens  gave  the  following  results. 

0-0745  gave  00195  Ag.    Ag.  =  26-17  )^        Ae-'>5-69per  cent 

0-0706     „     0-0178  Ag.    Ag.  =  25-21  /  ^^^'^'^  ^^""^  ^^^  P®'  °®°^- 

Ci^HjjOg'COOAg  requires  Ag  =  25-82  per  cent. 

The  copper  salt  was  prepared  by  adding  solution  of  copper  acetate 
to  a  solution  of  sodium  podophyllate  and  slowly  removing  the  water 
by  evaporation  in  a  desiccator  ;  it  is  thus  easily  obtained  in  light  green 
prisms.  When  boiled  with  alcohol  or  water,  the  copper  salt  decom- 
poses, giving  copper  oxide,  picropodophyllin  crystallising  from  the 
alcoholic  solution  ;  this  decomposition  was  made  use  of  for  the  determi- 
nation of  the  amount  of  copper  contained  in  the  salt. 


01030  gave  0-0128  CuO=  12-42  percent. 
(C^5H^507)2Cu  requires  Cu  =11- 


•8  per  cent. 

The  aqueous  solution  of  sodium  podophyllate  is  Isevorotatory ; 
a  determination  of  the  specific  rotation,  using  a  solution  containing 
2-7365  grams  in  100  c.c.  of  solution  in  a  2-decimetre  tube  with 
Laurent's  half-shade  polarimeter,  gave  as  the  mean  of  ten  readings 
4°  33'. 

Hence  the  specific  rotation 

100  X  4°  33' 
[a]D  =  ' 2-7365x2    ^    ~  ^^°  ^'• 

From  the  experimental  facts  mentioned,  it  is  clear  that  picropodo- 
phyllin must  be  the  anhydride  of  podophyllic  acid.  These  facts  may 
be  summarised  thus. 

(1)  Picropodophyllin,  when  boiled  with  alkali,  gives  podophyllic  acid. 

(2)  Podophyllic  acid  loses  water  and  becomes  picropodophyllin. 

(3)  The  copper  salt  of  podophyllic  acid  is  decomposed  on  boiling 
with  alcohol  into  cupi-ic  oxide  and  picropodophyllin,  water  being  elimi- 
nated ;  picropodophyllin  must  therefoi-e  contain  the  group  -CO'O-. 

It  was  thought  that  possibly  the  gelatinous  acid  produced  from 
podophyllotoxin  might  be  an  optical  isomeride  of  that  obtained  from 
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picropodophyllin,  bat  the  detei'mination  of  the  specific  rotation  of  the 
former  shows  that  the  two  are  identical  ;  this  determination  was 
carried  out  under  the  conditions  mentioned  above,  using  a  solution 
containing  1*267  gi'ams  in  100  c.c. 

The  mean  of  ten  readings  was  -  2°  7'. 

Specific  rotation  [aj^  =    —  83°  31'. 

From  these  observations,  we  conclude  that  Podwyssotski's  pici*o- 
podophyllic  acid,  is  not,  as  Kursten  supposes,  an  oxidation  product  of 
podophyllotoxin  having  the  formula  CgoHg^Og,  but  when  pure  is  a 
monobasic  acid  of  the  formula  C^^H^gOy,  of  which  picropodophyllin 
(CjgH^^Og)  is  the  anhydride  or  lactone. 

Determination  of  Methoxyl  in  Podophyllotoxin  and  Picropodoj)hyllin. 

This  estimation  was  carried  out  by  Zeisel's  method  ;  two  experi- 
ments gave  the  following  results. 

0-203podophyllotoxin  gave  0-3159  Agl.     CH3O  =  20-61. 
0-1226  „  „    0-1918  Agl.     CHgO^  20-71. 

Ci3Hg04(OCH3)2  requires  CH30=  21-2  per  cent. 

The  determination  of  methoxyl  groups  in  picropodophyllin  gave  the 
following  results. 

0-2068  picropodophyllin  gave  03346  Agl.     CH^O  =  21-43. 
0-134  „  „     0-2204  Agl.     CH30  =  21-7. 

Q^^Yiff^{OOY{^\  requires  CH30  =  21-2  per  cent. 

Podophyllotoxin  and  picropodophyllin,  therefore,  both  contain  two 
methoxyl  groups. 

Action  of  Fused  Potash  on  Podophyllotoxin. 

Guareschi  (Per.,  1879,  12,  683)  has  examined  the  action  of  fused 
potash  on  "  podophyllin,"  which  he  recognises  to  be  a  mixture,  and 
found  that  paroxybenzoic  acid,  pyrocatechol  and  protocatechuic  acids 
were  the  principal  products. 

When  podophyllotoxin  is  added  to  melted  potash  and  the  mixture 
kept  just  fused  for  about  half  an  hour,  a  dark  brown  "  melt  "  is  formed. 
This  was  dissolved  in  water,  dilute  sulphuric  acid  added  in  excess,  the 
precipitate  dissolved  in  ether,  and  after  the  ethereal  solution  had  been 
decolorised  with  animal  charcoal,  the  solvent  was  removed  by  distilla- 
tion, and  the  residue  dissolved  in  boiling  water,  and  precipitated  with  a 
solution  of  basic  lead  acetate.  This  precipitate  was  decomposed  with 
dilute  sulphuric  acid,  the  mixture  shaken  with  ether,  the  ethereal  solu- 
tion dried  over  fused  calcium  chloride,  and  light  petroleum  added  until 
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the  mixture  was  just  turbid.  At  first  a  resinous  substance  was  de- 
posited, but  the  later  fractions  consisted  of  a  substance  crystallising  in 
colourless  needles,  and  melting,  after  having  been  dried  in  the  desiccator 
for  some  days,  at  107".  It  gave  a  violet  coloration  with  ferric  chloride 
solution.  It  had,  therefore,  the  propei'ties  of  orcinol,  but  the  quantity 
obtained  was  insufiicient  for  analysis. 

The  solution  of  the  melt,  which  had  been  acidified  with  dilute  sul- 
phuric acid,  was  distilled,  and  the  distillate,  after  being  exactly 
neutralised  with  soda,  was  concentrated.  Silver  nitrate  was  then  added 
and  the  white,  crystalline  precipitate  collected,  dried,  and  analysed. 

0-0892  silver  salt  gave  0-0573  Ag.     Ag  =  64-2. 

Silver  acetate  requires  Ag  =  64-61  per  cent.  The  volatile  acid  is 
therefore  acetic  acid. 

No  derivatives  were  obtained  when  podophyllotoxin  or  picro- 
podophyllin  was  allowed  to  react  with  acetic  anhydride,  benzoic  chloride, 
or  hydroxylamine  ;  in  each  case  the  substance  was  recovered  unchanged. 

When  solutions  of  podophyllotoxin  and  phenylhydrazine  interact, 
an  oily  precipitate  forms  on  standing,  but  this  could  not  be  obtained 
in  a  crystalline  condition,  and  has  not  been  further  examined. 

Action  of  Bromine  on  Podophyllotoxin. 

Finely  powdered  podophyllotoxin  was  made  into  a  paste  with  glacial 
acetic  acid,  and  bromine  added  until  a  slight  excess  was  present ;  the 
acetic  acid  was  then  removed  by  exposure  in  a  vacuous  desiccator,  the 
residue  dissolved  in  ether,  the  solution  decolorised  with  charcoal,  and 
sufficient  light  petroleum  added  to  cause  slight  turbidity  on  standing. 
In  this  way,  colourless  crystals  of  a  bromo-derivative  melting  above 
250°  were  obtained  ;  this,  after  recrystallisation  from  ether  and  petro- 
leum, was  analysed  by  Carius'  method. 

0-116  gave  0-0568  AgBr.     Br  =  20-9. 

C^gHj^Of-Br  requires  Br  =  21-6  per  cent. 

Action  of  Bromine  on  Picropodophyllin. 

A  bromo-derivative  of  picropodophyllin  was  formed  on  treating  it 
with  bromine  in  the  same  manner  as  podophyllotoxin,  but  it  could  not 
be  obtained  in  a  crystalline  condition  except  from  alcohol,  and  solution 
in  this  liquid  was  always  accompanied  by  liberation  of  free  bromine. 
A  specimen  which  had  been  crystallised  from  alcohol  was  dissolved  in 
ether,  and  the  solution  fractionally  precipitated  with  light  petroleum  ; 
the  second  fraction  was  colourless  and  melted  at  138°,  and  no  change 
in  the  melting  point  was  observed  after  fractional  precipitation  from 
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ether.     A  portion  of  this  specimen  was  analysed,  with   the  following 
result. 

0-0347  gave  0-0143  AgBr.     Br  =  18-85 

CjgHj^OgBr  requires  Br  =  21 -6  per  cent. 

This  monobromopicropodophyllin,  therefore,  appears  to  be  an  iso- 
meride  of  monobromopodophyllotoxin. 

Action  of  Nitric  Acid  on  Podopliyllotoxin  and  on  Picropodopliyllin. 

On  adding  strong  nitric  acid  to  podophyllofcoxin  dissolved  in  glacial 
acetic  acid,  a  deep  red  coloration  was  produced,  which,  after  a  few 
hours,  changed  to  deep  yellow ;  after  the  nitric  and  acetic  acids  had 
been  partly  removed  by  heating  on  a  water  bath,  a  colourless,  crystal- 
line substance  separated,  which  was  shown  to  be  oxalic  acid  by  an 
analysis  of  the  silver  salt. 

Found  Ag  =  70-5.     Ag^CgO^  requires  Ag  =  70-8  per  cent. 

It  should  be  added  here  that  the  substance  melted  at  100°  before 
drying,  and  at  187°  after  drying,  which  is  characteristic  of  oxalic  acid. 

The  residue  left  after  complete  removal  of  the  nitric  acid  and  acetic 
acid  was  an  amorphous,  yellow  resin  ;  from  this,  no  crystalline  sub- 
stance could  be  isolated. 

Picropodophyllin  was  found  to  yield  exactly  the  same  products  as 
podophyllotoxin  when  attacked  by  nitric  acid. 

Distillation  of  Podophyllotoxin  with  Zinc  Dust. 

When  podophyllotoxin  is  mixed  with  a  large  excess  of  zinc  dust  and 
the  mixture  heated  to  redness  in  a  tube,  a  small  quantity  of  a  yellow 
oil  is  obtained  ;  by  using  considerable  quantities  of  podophyllotoxin, 
enough  of  this  oil  was  finally  accumulated  for  analysis.  It  was  puri- 
fied by  dissolving  in  ether,  and  after  shaking  with  dilute  alkali,  which 
removed  some  phenolic  substance,  the  ether  was  distilled  off,  the  last 
traces  being  removed  by  exposure  in  a  vacuum,  and  the  oily  residue 
distilled.  The  portion  boiling  between  256°  and  258°  (about  80  per 
cent,  of  the  product)  was  pale  yellow,  and  had  a  slight  phenolic  odour  ; 
when  expospd  to  the  air  for  several  days,  it  darkened  and  somewhat 
resinified  ;  on  adding  picric  acid  to  its  ethereal  solution,  it  became  deep 
red  and  deposited  orange-red  crystals  melting  at  134°  (dimethyl- 
naphthalene  picrate  melts  at  136°). 

The  oil  gave  the  following  numbers  on  analysis. 

0-1547  gave  05181  CO,  and  0-1166  HgO.     C  =  91-3  ;  H  =  8-3. 
Dimethylnaphthalene  requires  0  =  92*2  ;  H  =  7-6'J  per  cent. 
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Picropodophyllin  also  furnishes  dimethylnaphthalene  when  distilled 
with  zinc  dust. 

^  The  Colouriny  Matter. 

The  residue  left  after  removal  of  the  ether  from  the  ethereal  solu- 
tion obtained  from  the  resin  previously  extracted  by  chloroform  was 
treated  with  a  small  quantity  of  ether  to  remove  resinous  substances. 
The  residue  was  then  dissolved  in  hot  glacial  acetic  acid,  from  which, 
on  cooling,  it  crystallised  in  needles ;  these  were  then  recrystallised 
from  ether  and  chloroform.  Prepared  in  this  way,  the  colouring  matter 
has  the  appearance  of  ordinary  quercetin,  and  agrees  with  it  in  pro- 
perties and  composition. 

Analysis  gave  the  following  numbers. 

0-1239  gave  0-2730  CO.,  and  0042  H.p.     C-6009  ;  H  =  3-71. 
0-1034     „     0-2293  CO2    „     0-034  H^O.     C  =  60-44  ;  H  =  3-46. 
Cj^H^qO^  requires  C  =  59-6  ;  H  =  3-31  per  cent. 

A  compound  of  the  colouring  matter  with  sulphuric  acid  was  pre- 
pared according  to  the  method  described  by  A.  G.  Perkin  (Trans.,  1895, 
67,  647),  the  addition  of  sulphuric  aeid  to  a  satvirated  solution  of  the 
colouring  matter  in  hot  acetic  acid  ;  on  cooling,  this  solution  deposited 
rosettes  of  a  brilliantly  orange  coloured  compound.  These  crystals 
were  dried  on  a  porous  tile,  and  after  being  exposed  for  some  time  in 
a  vacuous  desiccator  to  remove  acetic  acid,  were  decomposed  with  water, 
and  the  amount  of  sulphuric  acid  liberated  determined  by  titration. 

0-112  gave  sulphuric  acid  requiring  2*9  c.c.  N/5  soda  for  neutralisa- 
tion.    S  =  8-196  per  cent. 

0-075  gave  sulphuric  acid  requiring  1*9  c.c.  N/5  soda  for  neutralisa- 
tion.    S  =  8-11  per  cent. 

C^jHjQO^HgSO^  requires  8  =  8*0  per  cent. 

The  colouring  matter  in  the  first  case  was  collected  on  a  tared  filter, 
washed,  dried  at  110°,  and  weighed. 

0-11 2  gaveO-0849  colouring  matter  =  75-803  per  cent.  CijHioO.HgSO^ 
requires  75*5  per  cent. 

Action  of  Acetic  Anhydride.  —  About  1  gram  of  the  colouring 
matter  was  heated  on  the  water  bath  for  about  2  hours  with  4  c.c. 
of  acetic  anhydride  and  some  anhydrous  sodium  acetate ;  the  mixture 
was  then  poured  into  excess  of  water,  the  precipitate  collected,  and 
after  repeatedly  washing  with  water,  was  dissolved  in  hot  alcohol, 
the  solution  decolorised  with  charcoal,  and  set  aside.  On  cooling, 
the  substance  crystallised  out  in  silky  masses  of  long  needles,  which, 
after  recrystallisation  from  alcohol,  melted  at  192°;  pentacetylquer- 
cetin  melts  at  192°. 
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It  was  analysed  by  dissolving  it  in  a  mixture  of  sulphuric  and 
acetic  acids,  precipitating  with  water,  and  weighing  the  colouring 
matter  which  separated  on  cooling, 

0*1586  acetyl  derivative  gave  0'093  colouring  matter  =  58'65  per 
cent.     Acetylquercetin,  0^511507(021130)5,  requires  58-98  per  cent. 

Action  of  Fused  Potash. — About  0'5  gram  of  the  colouring  matter 
was  heated  with  10  grams  of  potassium  hydroxide  dissolved  in  5  c.c. 
of  water  for  about  20  minutes.  The  dark  chocolate-brown  "  melt  " 
was  dissolved  in  water,  neutralised  with  dilute  sulphuric  acid,  and 
extracted  with  ether  ;  the  ethereal  solution  was  distilled,  the  residue 
dissolved  in  water,  and  after  the  solution  had  been  decolorised  with 
animal  charcoal,  lead  acetate  was  added,  and  the  white  precipitate  thus 
formed  was  collected,  decomposed  with  dilute  sulphuric  acid,  and  the 
mixture  extracted  with  ether.  The  ethereal  solution  deposited  colour- 
less crystals  melting  at  192°,  and  an  aqueous  solution  gave  a  green 
coloration  with  solution  of  ferric  chloride.  It  was  therefore  2}roto- 
catechuic  acid  (m.  p.  193°). 

The  filtrate  from  the  lead  acetate  precipitate  was  mixed  with  dilute 
sulphui'ic  acid,  the  mixture  extracted  with  ether,  the  latter  distilled  off, 
and  the  residue  dissolved  in  water  ;  this  solution  contained  jMoro- 
glucinol,  as,  on  the  addition  of  hydrochloric  acid,  it  stained  a  pine 
shaving  a  deep  magenta  colour. 

Methylation  of  the  Colouring  Matter. — The  metkylic  ether  of  the 
colouring  matter  was  obtained  by  boiling  a  solution  in  methylic 
alcohol  with  potash  and  methylic  iodide  for  about  15  hours  on  the 
water  bath ;  the  excess  of  methylic  iodide  was  then  removed  by  dis- 
tillation, the  residue  boiled  with  benzene,  the  solution  filtered,  and  the 
benzene  distilled  off.  The  residue,  on  crystallisation  from  hot  methylic 
alcohol,  gave  a  mass  of  glistening,  yellow  needles  melting  at  156°; 
quercetin  methyl  ether  melts  at  157°. 
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This  experimental  evideuce  leaves  no  doubt  that  the  yellow  colouring 
matter  of  the  rhizome  of  Podophyllum  emodi  is  quercetin. 

These  facts  tabulated  as  page  220. 

Professor  Hummel  kindly  undertook  to  ascertain  the  value  of  Podo- 
2)hylhim  emodi  as  a  dye-stuff.  He  has  compared  it  with  quercitron 
bark  and  states  that  the  results  are  most  satisfactory.  It  is  therefore 
probable  that  this  plant  will  prove  to  be  of  commercial  value  as  a 
dye-stuff  and  as  a  source  of  the  dye  quercetin,  in  addition  to  podo- 
phyllin. 

^Podophyllo-resin. 

The  physiological  action  of  the  resin  left  after  exhaustion  of 
*  podophyllin '  with  chloroform  and  with  ether  showed  that  it  still 
contained  some  substance  which  was  very  active  as  a  purgative,  al- 
though all  the  podophyllotoxin  had  been  removed.  The  only  solvent 
for  this  resinous  residue  was  alcohol,  and  by  fractional  precipitation 
of  such  a  solution  with  water,  it  was  found  possible  to  separate  the 
residue  into  two  fractions,  one  a  soft,  transparent,  brownish-red  resin, 
and  the  other  a  black  powder  almost  insoluble  in  alcohol  and  contain- 
ing calcium  and  magnesium.  The  former  of  these  two  was  found  to 
be  active  as  a  purgative,  and  has  been  named  provisionally /)0(iop%^^o- 
resin,  whereas  the  latter  is  quite  inert.  All  attempts  to  isolate  a 
crystalline  substance  from  podophyllo-resin  failed,  and  as  it  was 
impossible  to  ensure  its  homogeneity,  attention  was  turned  to  its 
derivatives  in  the  hope  of  obtaining  some  crystalline  substance  which 
could  be  purified,  and  the  analysis  of  which  could  be  utilised  for  the 
determination  of  the  composition  of  the  active  resin. 

Action  0/  Acetic  Anhydride  on  Podophyllo-resin. — About  0*5  gram  of 
resin  was  boiled  for  about  an  hour  with  acetic  anhydride  and  sodium 
acetate,  the  mixture  poured  into  excess  of  water,  allowed  to  stand  for 
some  hours,  and  the  precipitate  after  being  collected  and  washed  with 
water,  was  dissolved  in  boiling  alcohol,  the  solution  decolorised  with 
animal  charcoal,  and  set  aside.  On  cooling,  a  white,  somewhat  gela- 
tinous, precipitate  formed  which  under  the  microscope  was  seen  to 
consist  of  rosettes  of  crystals ;  this  was  recrystallised  from  alcohol,  in 
which  it  is  sparingly  soluble  even  on  boiling.  The  recrystallised  sub- 
stance melted  at  198°  and  the  melting  point  was  not  altered  by  further 
recrystallisation. 

0-1328  gave  0-3023  CO.,  and  0-0667  HgO.     C- 62-12;  H  =  5-57. 
0-1217     „     0-2787  COj    „    0-0560  hJo.     0  =  62-44;  H  =  5-09. 
Mean  0  =  62-28;  H  =  5-33.  CieHigOg  requires  0  =  62-7 ;  H  =  5-8  per  cent. 

The  amount  of  acetic  acid  produced  on  hydrolysis  was  determined. 
For  this  purpose,  after  a  weighed  quantity  had  been  boiled  with  N/10 
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soda  solution  for  several  hours,  it  was  acidi6ed  with  dilute  sulphuric 
acid,  and  the  acetic  acid  distilled  off. 

0-1251  acetyl  derivative  gave  0*0474  acetic  acid  =  38"6  per  cent. 
Cj2Hj(,0^(CoH.jO).,  requires  39 '4  per  cent. 

The    resin     therefore     probably    has    the    formula    Cj^H^gO^    or 

Action  of  Fused  Potash  on  Podophyllo-resin. — About  0'3  gram  of  the 
resin  dissolved  in  5  grams  of  potash  and  2  c.c.  of  distilled  water  was 
heated  for  half  an  hour  ;  the  melt  was  then  dissolved  in  water,  neutral- 
ised with  dilute  sulphuric  acid,  and  the  mixture  shaken  with  ether. 
The  ethereal  solution  was  distilled,  the  residue  dissolved  in  boiling 
water,  and  lead  acetate  solution  added ;  the  white  precipitate  thus 
formed  was  decomposed  by  dilute  sulphuric  acid,  the  mixture  shaken 
with  ether,  and  the  ether  removed  by  distillation,  when  a  residue  was 
obtained  which  became  crystalline  after  a  time.  This  residue,  when 
dissolved  in  water,  gave  a  green  coloration  with  ferric  chloride,  and 
therefore  contained  protocatechuic  acid,  but  the  recrystallised  residue 
melted  at  200°  (protocatechuic  acid  melts  at  193°).  It  was  therefore 
probable  that  some  other  substance  wa.s  present,  and  in  order  to 
determine  what  this  was,  a  larger  quantity  (about  2  grams)  of  the 
resin,  which,  however,  was  not  quite  so  pure  as  the  specimen  first 
experimented  with,  was  fused  with  potash  ;  the  crystalline  residue  in 
this  case  was  separated  into  two  fractions,  one  melting  at  210°  and 
the  other  at  192°  (protocatechuic  acid).  Enough  of  the  former  could 
not  be  obtained  for  analysis,  but  the  melting  point,  and  the  fact 
that  it  gives  no  coloration  with  ferric  chloride  solution  and  is  pre- 
cipitated by  bromine  water,  makes  it  probable  that  it  is  jiti^rahydroxy- 
benzoic  acid  (m.  p.  210°).  The  presence  of  this  substance  has  already 
been  noted  among  the  products  of  the  decomposition  of  podophyllin 
by  fused  potash  (Guareschi,  Ber.,  1879,  12,  683). 

Constituents  of  Podophyllum  peltatmn. 

The  whole  of  the  work  described  above  in  connection  with  Podo- 
phyllum emodi  has  been  repeated  with  the  rhizome  of  Podophyllum 
peltatum.  The  constituents  of  the  two  plants  are  identical,  but  the 
proportions  in  which  they  occur  differ  considerably.  Thus,  estimation 
of  the  amount  of  the  crude  substance  '  podophyllin '  contained  in  the 
two  rhizomes  shows  that  the  American  rhizome  may  contain  from  4 
to  6  per  cent,  and  the  Indian  rhizome  from  10  to  12  per  cent.  These 
results  are  referred  to  in  the  last  section  of  the  paper. 
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Constitution  of  Podophyllotoxin,  Picropodophyllin  and  Picropodophyllic 

Acid. 

The  facts  which  have  been  recoi-ded  make  it  possible  to  discuss  the 
constitution  of  podophyllotoxin,  picropodophyllin  and  podophyllic 
acid.  There  is  little  doubt  that  podophyllotoxin  and  picropodophyllin 
are  isomerides,  and  that  the  latter  is  the  lactone  or  anhydride  of 
podophyllic  acid,  into  which  it  has  been  converted  and  from  which  it 
has  been  obtained.  It  has  been  shown  that  podophyllotoxin,  when 
dissolved  in  alkalis,  passes  into  a  salt  of  this  acid,  and  that  on  heating 
this  acid  picropodophyllin  is  produced,  which  reverts  to  the  acid 
again  when  dissolved  in  alkalis.  There  is  no  evidence  to  show  that 
podophyllotoxin  changes  into  picropodophyllin  before  it  passes  into  the 
acid,  although  this  may  be  suggested  as  highly  probable,  since  picro- 
podophyllin, and  not  podophyllotoxin,  is  formed  when  the  acid  is 
dehydrated.  The  nature  of  the  isomerism  of  podophyllotoxin  and 
picropodophyllin  is  at  present  obscure ;  the  chief  difference  between 
the  two  compounds  is  that  podophyllotoxin  is  Isevorotatory,  whilst 
picropodophyllin  is  optically  inactive,  podophyllic  acid  is,  however, 
like  podophyllotoxin,  Isevorotatory. 

The  principal  facts  which  must  be  represented  by  any  structural 
formula  for  podophyllotoxin  are  (1)  the  composition  expressed  by  the 
empirical  formula  Cj^H-^^Og,  (2)  the  optical  activity,  (3)  the  exis- 
tence of  two  methoxyl  groups,  (4)  the  hydration  by  alkalis  producing 
an  unstable  acid,  (5)  the  formation  of  a  monobromo-derivative,  (6)  the 
production  of  orcinol  and  acetic  acid  on  fusion  with  potash,  (7)  the 
production  of  oxalic  acid  on  oxidation  with  nitric  acid.  We  believe 
that  these  facts  are  satisfactorily  represented  if  podophyllotoxin  and 
its  congeners  are  regarded  as  the  derivatives  of  a  hydrogenated 
pyronecarboxylic  acid.  It  appears  highly  probable  that  podophyllic 
acid  is  the  carboxylic  acid  of  a  d'wiethoxymethyl-p>henylhydro-y-pyrone,  of 
which  picropodophyllin  is  the  lactone,  whilst  podophyllotoxin  must 
have  a  very  similar  constitution  ;  possibly  it  is  an  optically  active  form 
of  the  racemic  lactone.  We  therefore  propose  the  following  formulae 
for  these  substances. 

OH     CO,H  I 90, 

CO<CH"cg>0  C<H~CH>0 


"^2 

CH3O/    ^0CH3  CH3O/    ^,OCH, 


CH3  CH3 

Podophyllic  acid.  Picropodophyllin, 
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Since  quercetin  accompanies  podophyllotoxin  in  the  plant,  it  is  inter- 
esting to  recall  the  fact  that,  according  to  Herzig  and  others,  quercetin 
is  also  a  derivative  of  a  phenylated  pyrone. 

Estimation  of  ^'' Podopliyllin^'  and  "Podophyllotoxin^^  in 
P.  emodi  and  P.  peltatum. 

Podofhyllin. — As  the  rhizome  of  podophyllum  is  chiefly  used  for 
the  preparation  of  ^esma  ;joc^opAy/^i  (podophyllin),  the  estimation  of  the 
amount  of  resin  in  the  rhizome  is  of  some  commercial  importance. 

The  process  of  estimation  used  consisted  in  taking  a  "weighed  portion 
of  the  powdered  rhizome,  extracting  this  in  a  Soxhlet  percolator  with 
boiling  absolute  alcohol,  evaporating  the  percolate  to  a  thin  syrup, 
adding  excess  of  water,  and  allowing  the  precipitated  resin  to  settle.  The 
water  was  then  poured  off,  the  process  being  repeated  until  the  water 
ceased  to  extract  any  sugar.  The  resin  was  then  dried  at  100°  and 
weighed. 

The  following  is  a  tabular  statement  of  the  amounts  of  resin  con- 
tained in  samples  derived  from  different  districts  of  the  Punjab. 

District.  Percentage  of  resiu. 

Kulu    955 

Bashahr  9003 

f  Mature  roots     ...   11-12 

I  Young  roots 12-03 

Hazara     9*06 

Estimations  of  resin  in  four  specimens  of  the  rhizome  of  Podophyllum 
2)eltatwn  gave  respectively  4*17  per  cent.,  5*2  per  cent.,  5*4  per  cent., 
5"2  percent.  Dymock  and  Hooper  {loc.  cit.)  found  10  per  cent,  of  resin 
in  the  Indian  I'hizome,  and  Umney  {loc.  cit.)  12  per  cent. 

Podophyllotoxin. — An  attempt  was  first  made  to  estimate  directly  the 
amount  of  podophyllotoxin  in  podophyllum  rhizome  by  percolation  with 
suitable  solvents,  but  this  had  to  be  abandoned  owing  to  the  difficulty 
of  purifying  the  material  without  loss. 

The  conversion  of  podophyllotoxin  into  its  very  insoluble  and  easily 
purified  isomeride  picropodophyllin  next  suggested  itself  as  an  indirect 
method  of  estimation,  and  preliminary  experiments  showed  that  by 
taking  a  weighed  quantity  of  podophyllotoxin  and  converting  it  into 
picropodophyllin  by  treatment  with  lime,  08  per  cent,  of  the  amount 
taken  could  be  recovered  in  the  form  of  picropodophyllin. 

The  process  finally  adopted  is  carried  out  as  follows.  A  weighed 
quantity  of  the  ground  rhizome  dried  at  100°  is  mixed  with 
lime,  and  the  mixture  pei'colated  with  chloroform  in  a  Soxhlet 
extraction  apparatus,  the  residue  left  on  evaporating  the  chloroform 
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solution  to  dryness  is  dissolved  in  absolute  alcohol,  the  solution  made 
into  a  thin  paste  with  slaked  lime,  and  the  whole  evapox-ated  to  com- 
plete dryness ;  more  alcohol  is  then  added,  and  the  process  repeated. 
The  dried  residue  is  then  mixed  with  absolute  alcohol,  the  mixture 
boiled  and  filtered  through  a  jacketed  funnel,  and  the  residue  and  the 
filter  paper  containing  it,  after  being  allowed  to  dry  somewhat,  is 
packed  into  an  extraction  apparatus,  percolated  with  alcohol,  and  the 
percolate  mixed  with  the  original  alcoholic  filti-ate  ;  the  mixed  liquids 
are  then  evaporated  to  dryness  in  a  tai-ed  dish  and  the  residue  of  picro- 
podophyllin  weighed.  The  residue  thus  obtained  is  almost  colourless 
and  is  usually  well  crystallised,  but  contains  a  small  quantity  of 
calcium  picropodophyllate  due  to  incomplete  dissociation  of  the  salt 
during  the  drying  of  the  chloroform  extract  with  lime.  On  incineration, 
the  residue  gives  on  an  average  about  1  per  cent,  of  calcium  oxide,  but 
as  this  is  responsible  for  only  a  very  small  error  in  an  estimation,  it 
may  be  neglected. 

The  following  table  includes  the  results  of  a  series  of  estimations 
of  podophyllotoxin  in  Indian  and  American  podophyllum,  and  for 
convenience  of  comparison  the  percentages  of  resin  (podophyllin) 
are  also  given. 


Quantity  of 
District  yiiddiug       rhizome 
the  specimens.            used. 

Percentage  of 

podophyllotoxin 

found. 

Percentage  of 
resin  found. 

Kulu 11-92  grams 

>   2-8 

9-55  \ 

15-17 

2-9 

Bashahr     32-46 

3-5 
3-6 

9-00 

27-12 

Chamba |  10-97 

Young  roots...  (  13-46 

5-171 

3 

5-3    J 

" 

0'^™°'^  llOM 

4-7    1 
4-51  J 

11-12 

Hazara  11-6 

2-9 

— 

14-5 

308 

United  States  of     11-35  ) 
America                 12-02  J 

0-77 

5-2    N 

0-82 

1 

23-55  \ 

0-995 

417  ( 

22-6    J 

, 

1 

Podojihyllum 
emoclL 


Podophyllum 
2)eUatum. 


Taking  the  average  yield  of  resin  and  of  crystallised  podophyllotoxin 
from  the  rhizome  of  Podojihyllum  emodi  to  be  10  per  cent,  and  3-5  per 
cent,  respectively,  the  amount  of  podophyllotoxin  in  podophyllin  from 
the  Indian  drug  must  be  about  38  per  cent.,  whilst  that  contained  in 
American  podophyllin  is  only  about  20  per  cent.,  although  in  extracting 
podophyllotoxin  itself  from  the  plant  nothing  like  this  quantity  is 
obtained,  owing  to  the  difliculty  experienced  in  purifying  it  from  the 
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viscous  resinous  substances  also  removed  by  the  solvents.  Although 
there  is  a  difference  of  nearly  20  per  cent,  in  the  amount  of  podophyl- 
lotoxin  contained  in  the  podophyllin  from  these  two  sources,  it  is 
remarkable  that  they  differ  comparatively  little  in  physiological 
activity,  a  fact  which  supports  the  view  that  podophyllotoxin  cannot 
be  regarded  as  the  only  active  constituent  of  the  resin. 

Since  the  Indian  resin  contains  more  podophyllotoxin  than  the 
American,  it  behaves  somewhat  differently  when  warmed  with  alkalis, 
owing  to  the  larger  amount  of  the  insoluble  picropodophyllin  which  is 
formed  and  crystallises  out.  The  test  of  the  British  Pharmacopoeia, 
which  requires  podophyllin  to  be  soluble  in  aqueous  ammonia,  there- 
fore needs  modification.  In  preparing  the  ammoniacal  tincture  from 
the  Indian  resin,  the  mixtui'e  should  not  be  heated.  Nor,  indeed,  should 
heat  be  used  in  any  case  in  preparing  the  tincture,  since  even  with 
the  Ameiican  resin  some  of  the  active  podophyllotoxin  will  be  changed 
into  the  inert  picropodophyllin. 

Scientific  Department, 

Imperial  Institute,  London. 


XVI. — The    Volatile    Constituents   of  the    Wood  of 
Goupia  tomentosa. 

By  Wyndham  R.  Dunstan,  F.B.S.,  and  T,  A.  Henry,  Salters'  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute. 

Goupia  tomentosa  is  a  large  tree  growing  in  British  Guiana,  where  it 
is  known  as  "  Kabucalli,"  and  used  in  the  colony  for  boat-building; 
it  has  recently  been  sent  with  other  timbers  by  the  Government 
of  the  Colony  to  the  Scientific  Department  of  the  Imperial  Institute, 
so  that  its  general  merits  as  a  timber  might  be  ascertained.  The 
timber  has  been  submitted  to  mechanical  tests  by  Professor  XJnwin, 
F.R.S.,  in  the  course  of  an  examination  of  the  various  timbers  of 
British  Guiana  which  he  has  conducted  for  the  Imperial  Institute. 
An  account  of  these  tests  has  been  pvihlished  (Imperial  Institute 
Journal,  3,  p.  51). 

When  the  log  sent  from  the  colony  was  cut,  the Vood  was  seen  to  be 
reddish,  very  hard,  with  a  fine,  close  grain.  When  first  cut,  it  emitted 
a  strong  odour  resembling  that  of  valeric  acid,  and  when  shaved  with 
a  plane,  the  cut  surface  became  covered  with  a  thin  film  of  oil.  On 
account  of  these  peculiarities,  it  was  decided  to  examine  its  chemical 
constituents ;  for  this  purpose,  the  wood  was  cut  up  into  fine  shavings, 
which  were  at  once  placed  under  water,  and,  after  standing  about 
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12  hoiu's,  were  steam  distilled.  The  distillate  was  then  concentrated 
by  steam  distillation,  and  the  process  repeated  until  fatty  particles 
began  to  separate  from  the  distillate ;  the  liquid  was  now  shaken  with 
ether,  and  the  ethereal  solution  dried  with  calcium  chloride  and 
distilled.  In  this  way,  a  dark-coloured  oil  was  obtained,  which  became 
semi-solid  on  cooling  ;  this  was  dissolved  in  boiling  [alcohol,  and 
decolorised  with  animal  charcoal ;  on  cooling,  the  filtered  solution 
deposited  a  colourless,  fatty  substance,  which  was  obtained  in  small 
needles  by  repeating  the  process.  When  pure,  it  melted  at  45° ;  it 
distilled  under  reduced  pressure,  and  was  slowly  dissolved  by  alkaline 
solutions,  and  reprecipitated  from  them  by  acids.  A  combustion  of 
the  pure  material  gave  the  following  result. 

0-1624gave;0-4281CO2and0-1783H2O.  0  =  72-043  H=  12-19percent. 
Laurie  acid,  C^2H24^2  I'equires  C  =  72  3  H  =  12  per  cent. 

A  sodium  salt  was  prepared  by  exactly  neutralising  an  alcoholic 
solution  of  the  acid  with  alcoholic  soda  and  evaporating  the  solution 
in  a  vacuous  desiccator  over  potash.  A  white  precipitate  slowly 
separated,  and  this,  on  analysis,  gave  the  following  result. 

0-142  gave  0-0450  ^280^.     Na  =  10-2  per  cent. 

Ci2H.,30oNa  requires  Na=  10-4  per  cent. 

The  substance  thei-efore  agrees  in  composition  and  properties  with 
tauric  acid  (m.  p.  43* 6°). 

This  acid  occurs,  usually  as  the  glyceride,  in  many  plants,  but 
notably  in  the  oils  obtained  from  the  fruit  of  Laurus  nobilis  and  Cocos 
nuci/era.  As  lauric  acid  is  only  slightly  volatile  in  steam,  its  isola- 
tion by  steam  distillation  is  extremely  tedious,  and  having  identified 
it,  an  attempt  was  made  to  obtain  it  by  extracting  the  wood  shavings 
with  ether  ;  this,  however,  was  not  found  to  be  feasible,  owing  to  the 
large  amount  of  I'esin  also  removed  by  the  ether,  and  from  which  it  is 
very  difficult  to  isolate  the  lauric  acid  by  crystallisation. 

The  aqueous  distillate  left  after  extraction  with  ether  was  made 
strongly  alkaline  with  solution  of  soda,  evaporated  to  dryness  over 
the  water  bath,  and  then  acidified  with  dilute  sulphuric  acid  ;  the  oil 
which  separated  was  removed  by  ether,  the  ethereal  solution  dried 
with  calcium  chloride,  the  ether  distilled  off,  and  the  residue  fraction- 
ated several  times ;  in  this  way,  three  fractions  wei'e  obtained,  boiling 
respectively  at  about  46°,  150°,  and  206°. 

The  first  of  these  fractions  was  very  small;  it  had  a  pungent 
odour,  and  its  aqueous  solution  reduced  silver  nitrate  and  mercuric 
chloride.  It  probably,  therefore,  contained  formic  acid,  but  enough 
could  not  be  obtained  for  complete  identification. 

The  fraction  boiling  at  about  150°  was  dissolved  in  dilute  soda 

Q   2 
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solution  .and  the  solution  evaporated ;  two  fractions  of  crystalline 
sodium  salt  were  obtained.  These  were  converted  into  the  silver 
salts,  the  second  fraction  of  sodium  salt  being  precipitated  in  two 
portions  with  silver  nitrate  ;  the  silver  salts,  on  analysis,  gave  the 
following  numbers. 

First  fraction  of  sodium  salt  gave  a  silver  salt  containing  48*6  per 
cent.  Ag. 

Second  fraction  of  sodium  salt  gave  two  fractions  of  silver  salt, 
A  and  B.  A,  containing  49 -9  per  cent.  Ag  ;  B,  containing  50"6  per 
cent.  Ag. 

In  a  second  experiment,  in  which  a  larger  amount  of  sodium  salt 
was  obtained,  the  crystals  were  separated  into  two  fractions,  and  these 
again  fractionated  by  addition  of  silver  nitrate  solution  ;  the  first 
fraction  of  silver  salt  contained  48*3  per  cent.  Ag.  From  the  results 
of  these  analyses,  and  the  properties  of  this  fraction  of  oil,  it  evidently 
consists  of  a  mixture  of  isovaleric  and  caproic  acids. 

Silver  isovalerate  requires  51  "4  per  cent.  Ag. 
Silver  caproate  requires  Ag  =  48'2  per  cent. 

The  fraction  of  oil  boiling  at  206°,  which  constituted  about  60  per 
cent,  of  the  whole,  had  all  the  properties  of  normal  hexoic  {caproic)  acid, 
but  it  was  not  quite  pure,  since  on  conversion  into  the  sodium  salt  and 
fractional  precipitation  of  the  solution  of  this  salt  with  silver  nitrate, 
some  fractions  containing  56  to  58  per  cent,  of  silver  were  obtained,  but 
the  greater  portion  of  salt  contained  47*82  percent,  of  silver.  The  oil 
was  therefore  redistilled  very  slowly,  and  the  first  portion,  which 
boiled  almost  constantly  between  206°  and  209°,  collected.  Noimal 
caproic  acid  boils  at  206°,  and  silver  caproate  contains  48"2  per  cent, 
of  silver. 

The  oily  residue  left  after  the  redistillation  of  the  second  fraction  of 
oil  became  coloured  on  further  heating,  and  it  was  strongly  acid  to  litmus. 
The  residue  was  dissolved  in  ether,  decolorised  by  animal  charcoal, 
and  the  ether  distilled  off  ;  the  oil,  on  being  allowed  to  stand  for  some 
months,  deposited  a  small  quantity  of  a  crystalline  substance.  These 
crystals  were  removed,  dried  first  on  a  porous  tile  and  then  at  100°. 
The  substance  melted  at  180°,  and  sublimed  when  heated  gently  in 
a  test  tube  ;  it  was  acid  to  litmus.  The  whole  of  the  material  obtained 
was  convei'ted  into  the  silver  salt,  and  the  latter  ignited,  with  the 
following  result. 

0-0082  gram  gave  0-0051  Ag.     Ag  =  62-2  per  cent. 

Silver  succinate  requires  Ag=  64"4  per  cent. 

This  agreement  is  as  good  as  can  bo  expected,  since  the  quantity 
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available  for  analysis  was  so  small  that  a  diffei'ence  of  one  unit  in 
the  fourth  decimal  place  causes  an  error  of  1  per  cent,  in  the  result. 

The  properties  of  the  substance  leave  little  room  for  doubt  that  it 
is  succinic  acid  (m.  p,  180°). 


Summary  of  Separation  of  Constituents. 

"Wood,  steam  distilled. 
Concentrated  distillate  extracted  with  ether. 


Residual  distillate 

made  alkaline  and  evaporated 

made  acid  and  oil  separated 

I 
Eractionated. 


Fraction  I. 

Fraction  II. 

Fraction  III. 

Formic  acid  ? 

Isovaleric  acid, 

N^ormal  caproic 

Nortnal  cajrroic 

acid  and 

acid. 

Succinic  acid. 

Ether  solution 

leaves  viscid   oil 

containing 


Laurie  acid. 


Scientific  Department, 

Imperial  Institute, 

London,  S.W. 


XVII. — Production  of  some  Nitro-  and  A'inido- 
oxylutidines.     Part  I. 

By  Prof.  J.  K  Collie,  Ph.D.,  F.R.S.,  and  Thomas  Tickle,  Salters' 
Company's  Research  Fellow  in  the  Research  Laboratory  of  the 
Pharmaceutical  Society  of  Great  Britain. 

In  a  former  paper  (Trans.,  1897,  838),  one  of  the  authoi-s  has  drawn 
attention  to  the  fact  that  nitro-  and  amido-derivatives  of  pyridine  can 
be  obtained  from  oxypyridine  compounds  by  the  ordinary  process  of 
nitration  and  reduction.  As  these  substances  correspond  in  the 
pyridine  series  to  nitro-  and  amido-phenols  in  the  benzene  series, 
their  i-eactions  and  properties  are  of  some  interest,  and  it  has  been 
considered  worth  while  to  continue  the  investigation,  using  a  hydr- 
oxylutidine  (pseudolutidostyril)  as  the  starting  point. 
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/^^ 

CH„-C  C-OH 

3  II  I 

HC  CH 

V 

Pseudolutidostyril. 

This  compound,  ay-dimethyl-a'-hydroxypyridine,  is  easily  nitrated 
when  treated  with  a  mixture  of  strong  nitric  and  sulphuric  acids, 
yielding  a  nitropseudolutidostyril,  which,  on  reduction  with  tin 
and  hydrochloric  acid,  gives  an  amidolutidostyril.  As,  however,  the 
entering  nitro-group  might  replace  either  of  two  different  hydrogen 
atoms,  it  was  necessary  to  determine  if  possible  the  exact  composition 
of  the  new  nitro-derivative. 

/^\  /^\  /^\ 

CH-C  C-OH   could    CH,/C  C-OH  CHo- C  C-OH 

II  I  ''II  I  or  ^11  I 

HC  CH        give  HC  C-NO.,  NO,-C  CH 


I 


CH. 


CHo  CHq 


That  the  substance  had  the  molecular  structure  represented  by  the 
formula  I.  was  proved  by  obtaining  it  from  ethylic  nitroluditostyril- 
carboxylate  (Trans.,  1897,  71,  301). 

/^\  /^\  /^\ 

CHg-C  C-OH  CH^-C  C-OH  CH^-C  C-OH 

OOOCgHj'C  CH       ->  COOCgHj-C  C-NO.,  ->        HC  C-NOg 

\c/  \c^       "  \<^ 

CH,  CH3  CH3 

When  this  nitrohydroxylutidine  is  subjected  to  the  reducing  action  of 
tin  and  hydrochloric  acid,  it  is  at  once  converted  into  the  correspond- 
ing amidohydroxylutidine. 

In  a  former  paper  by  one  of  the  authors  (Trans.,  1897,  71,  842),  an 
amidodihydroxypicoline  was  similarly  prepared,  and  it  was  then  noticed 
that  the  dioxy-compound  suffered  a  somewhat  curious  change  when 
boiled,  passing  into  a  trihydroxypicoline  : — 

CHg-  C5NH(OH)2-NH2  +  HgO  =  CHg-  C5NH(OH)3  +  NH3. 

This  reaction  is  different  from  any  that  amidophenols  undergo, 
but  is  similar  to  the  formation  of  orthonitrophenol  from  orthonitr- 
aniline  when  the  latter  is  boiled  with  alkalis  ;  possibly  it  may  be  due 
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to  the  ease  with  which,  in  a-hydroxypyridine  compounds,  the  ring 
binding  can  be  loosened  and  opened  out  (Trans.,  1897,  71,  839). 

We  were  in  hopes,  that  as  the  amido-group  and  the  hydroxy-group  in 
the  amidohydroxylutidine  were  in  the  same  relative  positions  (namely, 
a  and  /8),  the  same  reaction  might  again  occur,  and  the  corresponding 
dihydroxylutidine  derivative  be  formed,  but  although  many  attempts 
were  made  no  such  change  could  be  effected. 

The  amidohydroxylutidine  is  a  substance  with  characteristic  proper- 
ties, it  is  very  unstable  and  cannot  be  heated  to  100°  without  turning 
brown  ;  it  rapidly  reduces  solution  of  nitrate  of  silver  and  platinic 
chloride.  With  ferric  chloride,  it  gives  first  a  red  and  then  a  bright 
green  coloration,  but  it  does  not  yield  the  series  of  brilliant  colour  re- 
actions in  alkaline  solution  like  the  trihydroxypicoline^mentioned  above 
(Trans.,  1897,  71,  843).  When,  however,  it  is  dissolved  in  strong 
sulphuric  acid  and  a  drop  of  nitric  acid  is  added,  a  strong  purple  colora- 
tion is  produced  similar  to  that  which  strychnine  gives  when  treated 
with  sulphuric  acid  and  potassium  dichromate. 

/% 

CH„-C  C-OH 

Nitropseudolutidostyril,  HC\        .C'NOg 

CH3 

The  pseudolutidostyril  employed  was  prepared  from  ethylic  j8-amido- 
crotonate  according  to  the  method  given  in  a  former  paper  by  one  of 
the  authors  (Trans.,  1897,  71,  299) ;  it  was  found  convenient  only  to 
nitrate  small  quantities  of  the  substance  at  a  time.  Three  to  four 
grams  of  the  pseudolutidostyril  were  dissolved  in  6  c.c.  of  sulphuric 
acid,  and  this  mixture  was  then  slowly  added  to  8  c.c.  of  a  mixture  of 
sulphuric  and  fuming  nitric  acids,  which  were  kept  well  cooled  : 
large  quantities  are  less  easily  manageable,  the  temperature  being 
liable  to  rise  suddenly,  when  the  whole  of  the  substance  is  destroyed 
by  oxidation.  The  mixture  is  then  diluted  with  10  times  its  volume 
of  water,  the  new  nitro-derivative  which  separates  in  yellow  needles 
being  most  conveniently  recrystallised  from  30  per  cent,  acetic  acid, 
or  a  mixture  of  30  per  cent,  acetic  acid  to  which  about  3  per 
cent,  of  nitric  acid  has  been  added.  When  pure,  it  crystallises  in 
light  yellow  needles  that  melt  somewhere  about  250°  if  suddenly 
heated  to  that  temperature,  but  if  the  heating  be  slow,  the  crystals 
darken  at  about  243°  and  then  rapidly  decompose.     On   analysis,  the 

following  numbers  were  obtained  : 

C. 

Found 49-8 

Calculated  for  C^HgNjOg 50-0 


H. 

N. 

5-4 

17-5 

4-8 

16-7 
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No  other  nitro-compound  seemed  to  be  present,  and  the  only  sub- 
stance produced  by  the  nitration  of  pseudolutidostyril  was  the  com- 
pound mentioned  above.  It  is  not  volatile  with  steam,  and  with  alkalis, 
it  gives  brilliant  yellow  compounds. 

Amidopseudolutidostyril,  C5]SrH(CH3)2(OH)  "NHg. 

When  the  nitro-derivative  of  pseudolutidostyril  is  reduced  with  tin 
and  hydrochloric  acid,  the  hydrochloride  of  amidopseudolutidostyril 
is  formed,  the  reaction  being  accompanied  by  a  considerable  evolution 
of  heat.  After  precipitating  the  tin  by  means  of  hydrogen  sul- 
phide, the  solution  is  evaporated  on  the  water  bath,  when  the  hydro- 
chloride of  the  base  begins  to  separate  as  soon  as  the  solution  becomes 
concentrated.  A  second  method  for  preparing  the  hydrochloride  was 
used  ;  if,  after  the  reduction  with  tin  and  hydi'ochloric  acid,  the  solution 
is  evapoi\ated,  a  well  crystallised  double  salt  of  the  hydrochloride  of 
amidopseudolutidostyril  and  tin  chloride  separates ;  this  can  be 
purified  and  then  its  solution  decomposed  by  means  of  hydrogen  sul- 
phide. By  either  method,  a  white  salt  was  obtained  crystallising 
in  needles,  and  decomposing  without  melting  at  235 — 240°,  but  like 
the  nitrolutidostyril,  if  suddenly  heated  to  about  300°,  it  can  be 
partially  melted  before  decomposition  ensues.     It  was  analysed. 

C. 

Found    47-8 

Calculated  for  C7H^oN20,HCl  48-1 

The  substance,  therefore,  is  a  monhydrochloride. 

When  this  hydrochloride  is  treated  in  aqueous  .solution  with  sodium  hy- 
drogen carbonate,  it  is  converted  into  the  free  base,  which  is  less  soluble 
and  separates  in  the  form  of  a  bulky  mass  of  fine,  needle-shaped  crystals; 
these  were  purified  by  recrystallisation  from  water  until  they  melted 
constantly  at  205°  (corr.).  The  base  is  very  soluble  in  hot  water  but 
less  so  in  cold  (to  the  extent  of  8 — 10  per  cent,  in  cold),  it  is  very 
unstable  at  100°,  the  dry  substance  rapidly  turning  brown  when 
heated  in  a  water  oven  to  that  temperature.  The  aqueous  solution 
even  turns  brown  on  boiling,  and  in  the  presence  of  alkalis  the 
decomposition  is  much  more  rapid. 

When  added  to  a  cold  solution  of  silver  nitrate,  it  instantly 
gives  a  black  pi^ecipitate  of  silvei',  and  when  warmed  with  a  little 
chloride  of  platinum  reduction  was  found  to  take  place ;  the  normal 
platinochloride  can  be  prepared,  but  in  the  presence  of  hydrochloric 
acid  it  changes  into  a  new  salt  containing  3  per  cent,  more  platinum 
than  the  normal  salt.  This  new  salt  was  produced  when  trying  to 
recrystallise  the  ordinary  salt  from  dilute  hydrochloric  acid. 


H. 

N. 

CI. 

6-4 

20-3 

19-6 

6-3 

20-3 

20-3 
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Analyses  of  both  salts  were  made. 

The  normal  platinochloride    contained   28.5  per  cent.  Pt. 
Calculated  for  (C7HioN20)2,H2PlCIc  28-4  per  cent.  Pt. 

The  new  salt  obtained  from  hydrochloric  acid  solution,  on  analysis, 
was  found  to  give  the  following  numbers. 

C.  H.  Pt.  CI. 

Found  20-4  3-0  31-5  34-8 

Calculated  for  ") 

(C^H^oN^O^^.HaPtCle   V  20-4  2-7  31-5  34-5 

C^H^oN^O^H^PtCle       ) 

This  substance  appears  therefore  to  be  a  compound  of  the  mono- 
and  the  di-hydrochlorides  of  the  base  with  platinic  chloride. 

When  the  amidopseudolutidostyril  is  heated  on  the  water  bath  with 
acetic  anhydride,  it  is  converted  into  a  monacetyl  derivative  which  can 
be  crystallised  either  from  water  or  from  alcohol.  It  is  obtained  in 
white,  silky  needles  melting  at  255°  (corr.),  it  is  neutral  to  litmus 
paper,  and  fairly  soluble  in  cold,  but  very  soluble  in  hot,  water.  Ether, 
acetone  and  ethylic  acetate  dissolve  it  more  sparingly,  and  it  diffei^s 
from  amidopseudolutidostyril  in  that  it  gives  no  reaction  with 
ferric  chloride,  neither  does  it  reduce  silver  nitrate  solution.  The 
amidopseudolutidostyril  can  be  regenerated  from  it  by  hydrolysis  with 
dilute  hydrochloric  acid  heating  the  mixture  under  pressure  in  a  sealed 
tube. 

It  gave  the  following  numbers  on  analysis. 

C.  H. 

Found    , 60-1  6-5 

Calculated  for  C7H9N20,C2H30     60-0  6-6 

.  .  .  OHg-C         C-OH 

Ethylic  Nitropseudolutidostyrilcarhoxylate,  nooP  TT 'P  C-NO 

'  '  \^  '    ' 

This  is  produced  when  ethylic  pseudolutidostyrilcarboxylate 
(m.  p.  138 — 139°)  is  nitrated  in  the  ordinary  manner  with  a  mixture 
of  strong  nitric  and  sulphuric  acids.  It  is  scarcely  soluble  in  water, 
but  can  be  recrystallised  from  acetic  acid  ;  it  then  forms  long,  pale 
yellow,  needle-shaped  crystals,  which  melt  without  decomposition  at 

215°  (corr.).     It  was  analysed. 

C.  H.  K 

Found  49-7  6-1  11-6 

Calculated  for  C10H12N2O5 50-0  6-0  11-6 


H. 

N. 

4-2 

13-3 

3-8 

13-2 
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It  is  not  very  soluble  even  in  hot  soda  solution,  but,  on  warming, 
decomposition  slowly  occurs  and  the  brilliant  yellow  sodium  salt  of 
the  nitropseudolutidostyrilcarboxylic  acid  is  produced. 

This  nitropseudolutidostyrilcarboxylic  acid  was  also  prepared  in 
larger  quantities  by  nitrating  the  free  acid.  Ten  grams  of  the  acid 
were  carefully  added  to  20  c.c.  of  well  cooled  fuming  nitric  acid,  and 
afterwards  poured  into  10 — 15  c.c.  of  strong  sulphuric  acid  ;  care  must 
be  taken  not  to  allow  the  temperature  to  rise,  otherwise  a  violent 
action  begins,  and  the  substance  is  entirely  destroyed. 

On  pouring  the  mixture  into  cold  water,  the  new  nitro-acid  separates. 
It  was  found  on  analysis  to  contain  IHgO. 

Loss  of  weight  at  100°  =  8'2  per  cent. 
Calculated  for  CsHgNgOg  +  HgO^T-S  per  cent. 

The  dried  substance  gave  the  following  numbers. 

C. 

Found  45-3 

Calculated  for  CgHgNgO^    45-3 

This  nitro-acid  can  be  recrystallised  from  acetic  acid  or  water,  but 
it  is  not  very  soluble  in  the  latter.  When  pure,  the  crystals  are 
almost  white  needles,  the  aqueous  solution  having  only  a  faint 
yellowish  tint ;  when  rapidly  heated,  they  melt  at  260°  (corr.).  The 
ammonium  salt  is  easily  obtained  in]  the  crystalline  condition,  and  is 
bright  yellow;  it  gives  a  brown  precipitate  with  ferric  chloride, 
and  a  crystalline  precipitate  with  silver  nitrate.  The  lead  and 
barium  salts  seem  to  be  soluble. 

The  moment  the  free  acid  is  melted,  it  effervesces  and  evolves  carbon 
dioxide,  whilst  a  yellow,  crystalline  residue  remains  which  melts  at  a 
temperature  10 — 15°  below  the  acid  ;  after  purification,  this  residue 
was  found  to  be  identical  with  the  nitropseudolutidostyril  obtained 
by  nitrating  pseudolutidostyril  itself  and  already  mentioned  earlier 
in  this  paper.  This  method  for  the  manufacture  of  nitropseudo- 
lutidostyril was  not  used,  because  the  decomposition  of  the  substance 
at  the  temperature  at  which  the  nitro-acid  fused  was  very 
considerable. 

Amidopseudolulidostyrilcarhoxylic  acid,  NHj*  C5N(CH3)2(OH)*COOH. 

When  the  nitro-acid  is  reduced  by  means  of  tin  and  hydrochloric  acid, 
the  hydrochloride  of  the  corresponding  amido-derivative  is  produced. 
To  prepare  this  substance,  the  nitro-acid  is  dissolved  in  strong  hydro- 
chloric acid,  and  the  tin  is  added  little  by  little,  the  reduction  taking 
place  very  readily  with  a  considerable  rise  of  temperature.  The  acid 
solution  obtained  after  the  tin  has  been  precipitated  with  hydrogen 
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sulphide  is  evaporated  on  the  water  bath,  and  from  the  concentrated 
solution  the  hydrochloride  separates  in  needle-shaped  crystals ; 
these  can  be  recrystallised  from  hydrochloric  acid,  but  with  pure 
water  the  substance  is  decomposed  into  the  free  acid,  which  is  much 
more  insoluble  than  the  hydrochloride. 

The  hydrochloride  gave  the  following  results  on  analysis. 

C.        H.        N.        CI. 

Found  37-9     6-0     11-3     14-0 

Calculated  for  CsHioNaOg.HCl  +  2H2O     37-7     5-9     11-0     13-9 

The  substance,  when  heated  at  100°,  lost  14-5  per  cent.  H2O. 

The  calculated  amount  corresponding  with  211.fi  =  14'1  per  cent. 

The  amido-acid  can  be  prepared  by  decomposing  the  hydrochloride 
with  excess  of  water ;  it  is  very  slightly  soluble  even  in  hot  water. 
From  hot  alcohol  it  separates  in  needles,  whilst  if  the  potassium 
salt  be  decomposed  by  acetic  acid  the  free  acid  can  be  obtained  in 
the  form  of  small  flat  prisms ;  it  is  insoluble  in  ether,  acetone,  and 
chloroform.  It  is  unstable,  turning  brown  rapidly  when  heated  to 
100°  ;  the  alcoholic  and  aqueous  solutions  behave  in  a  similar  manner. 

The  amido-acid  has  strong  reducing  properties ;  if  added  to  silver 
nitrate  solution,  it  forms  a  dense  grey  precipitate  of  silver,  and 
the  solution  becomes  pale  green.  With  ferric  chloride,  it  gives  a  pale 
green  coloi-ation  which  rapidly  deepens  to  emei'ald  green,  purple,  and 
finally  deep  blue.  With  ferrous  sulphate,  it  gives  no  coloration,  and 
the  calcium,  barium,  lead,  and  copper  salts  seem  to  be  soluble. 

When  very  carefully  heated  on  an  oil  bath,  the  acid  melts  at  275° 
(corr.).     It  also  loses,  at  100°,  8'7  per  cent,  of  water. 

Calculated  for  CsH^oNoO.^  +  H._,0  ;  H,0  =  9-0  per  cent. 

At  its  melting  point,  it  gives  off  carbon  dioxide,  and  the  residue 
(which  sublimes  at  the  temperature  at  which  the  decomposition  occurs), 
after  purification,  was  found  to  melt  at  205°  (corr.) ;  its  hydrochloride 
melted  at  about  300°,  and  corresponded  in  all  respects  with  the  amido- 
pseudolutidostyril  obtained  by  the  reduction  of  the  nitropseudolutido- 
styril. 


XVIII. — Production  of  some  Nitro-  and  Amido- 
oxylutidines.     Part  II. 

By  Miss  L.  Hall  (University  College,  London)  and  J.  Norman 
Collie,  Ph.D.,  F.R.S.  (Professor  of  Chemistry  at  the  Pharma- 
ceutical Society  of  Great  Britain,  London). 

The  production  of  nitro-  and  amido-derivatives  in  the  pyridine  series 
has  been  the  subject  of  two  former  papers  communicated  by  one  of 
the  authors  to  the  Society  (Trans.,  1897,  71,  838  and  1898,  229).     In 
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the  first  of  these  papers,  it  was  shown  that,  when  dioxypicoline  is 
dissolved  in  nitric  acid,  nitration  at  once  occurs,  and  from  the  nitro- 
dioxypicoline  produced,  several  amido-  and  oxy-picoline  derivatives 
could  be  prepared.  The  present  communication  is  a  continuation  of 
that  work. 

The  oxypyridine  derivative  chosen  was  lutidone,  or  aa'-dimethyl-y- 
oxypyridine. 

NH 

3    I  I  II  3 

Lutidone. 

It  was  found  that  lutidone,  however,  was  not  nitrated  wlien  treated 
with  nitric  acid  alone,  as  was  the  case  with  the  dioxypicoline,  but  was 
only  converted  into  the  nitrate  of  lutidone,  and  a  mixture  of  fuming 
nitric  and  sulphuric  acids  had  to  be  employed  before  it  was  changed 
into  nitrolutidone.  This  was  the  case  also  with  pseudolutidostyril 
(Trans.,  1898,  230).  The  nitrolutidone  is  a  very  pale  yellow,  crystal- 
line compound  which  dissolves  in  alkalis  with  an  intense  yellow  colour, 
has  a  strong  acid  reaction,  and  is  not  volatile  with  steam.  When 
treated  with  tin  and  hydrochloric  acid,  it  is  easily  reduced,  forming  an 
amidolutidone. 

3  II  II        ^ 

Aiuidohitidone. 

This  amidolutidone,  unlike  amidodioxypicoline  and  amidopseudo- 
lutidostyril,  does  not  give  characteristic  colours  when  treated  with 
various  oxidising  agents,  this  being  probably  due  to  the  fact  that  the 
amido-  and  the  oxy-gi'oup  are  in  the  ortho-position  relatively  to  one 
another.  It  does,  however,  yield  a  brownish-red  coloration  with  ferric 
chlox'ide,  but  with  strong  sulphuric  acid  and  potassium  diclu'omate  or 
with  nitric  acid  no  marked  coloration  is  produced.  It  has,however,  strong 
reducing  properties  ;  with  nitrate  of  silver,  it  gives  first  a  white,  semi- 
crystalline  precipitate  which  is  entirely  reduced  to  metallic  silver  on 
warming.  It  also  forms  two  hydrochlorides,  a  mono-  and  a  di-deriva- 
tive,  and  its  platinochloride  belongs  to  the  class  of  double  salts  where 
1  mol.  of  the  dihydrochloride  unites  with  1  mol.  of  platinic  chloride. 
This  platinochloride  is  very  unstable,  and  when  dissolved  in  water  and 
warmed  undergoes  reduction,  but  if  its  solution  be  warmed  with 
hydrochloric  acid,  another  kind  of  change  ensues  and  an  exceedingly 
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insoluble  platinoehloride  separates,  which,  from  its  analysis,  seems  to  be 
the  salt  of  propiue-diamine. 

CHg-C-NHg  jj  p^^^j 

The  decomposition  having  been  brought  about  by  hydrolysis, 
C7H10N2O  +  SH^O  =  CgHgN^  +  2CH3-COOH. 
This  breaking  down  of  the  pyridine  ring  is  one  of  considerable  interest, 
and  in  a  substance  like  lutidone  was  hardly  to  be  expected,  for  the 
nitrogen  atom  is  bound  to  two  carbon  atoms  neither  of  Avhich  are 
united  to  oxygen,  and  lutidone  is  not  the  anhydride  of  an  amido-acid 
as  is  the  case  of  pseudolutidostyril. 

Experimental. 
aa- Dimethyl-y-oxyP-nitropyridine, 

The  lutidone  used  in  the  following  experiments  was  prepared  from 
dehydracetic  acid  by  heating  it  in  sealed  tubes  at  130°  with  excess  of 
strong  aqueous  ammonia,  the  product  being  a  mixture  of  lutidone  and 
ammonium  lutidonecarboxylate.  By  evaporating  the  contents  of  the 
tubes  to  dryness  and  subsequent  distillation  crude  lutidone  was  ob- 
tained ;  this  was  recrystallised  from  water  until  pure. 

A  large  number  of  attempts  were  made  to  nitrate  lutidone,  at  first 
with  nitric  acid  alone,  it  having  been  found  in  the  case  of  dioxypicoline 
to  give  almost  quantitative  yields  of  the  nitro-derivative.  A  very 
soluble  nitrocompound  was  obtained  which  decomposed  rapidly  at  85°. 
After  it  had  been  recrystallised  from  water,  several  analyses  were 
made,  but  although  these  agreed  amongst  themselves,  yet,  as  soon  as 
the  substance  was  recrystallised  from  alcohol  or  acetic  acid,  the 
analytical  numbers  showed  that,  with  each  solvent,  a  different  change 
was  being  effected,  and  it  was  not  until  the  compound  was  purified  by 
recrystallisation  from  nitric  acid  that  any  results  were  obtained 
which  could  be  relied  upon. 

Found  C  =  45-4and  449;  H  =  5-7  and  5-8  ;  N  =  15-2  and  15-2. 
Calculated  for  C7H10N2O4,  0  =  45-2  ;  H  =  5-3  ;  N  =  15'l  per  cent. 

The  substance  melted  at  120°  when  quickly  heated  to  that  tempera- 
ture, but  if  kept  at  100°  it  decomposed.  Attempts  were  made  also 
to  reduce  it  with  tin  and  hydrochloric  acid,  and  a  crystalline 
hydrochloride  was  obtained,  but  this  hydrochloride  did  not  seem  to 
possess  the  properties  of  an  amido-oxypyridine  derivative,  neither  did 
the  original  nitrolutidone  yield  yellow  salts  with  soda  or  potash. 
Ultimately,  it  was  found  that  the  supposed  nitro-compound  was 
merely  the  nitrate  of  lutidone,  for  when  neutralised  with  the  proper 
quantity  of    caustic   soda   and   the   solution  evaporated,  unchanged 
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lutidone  was  i-ecovered  together  with  sodium  nitrate  ;  moreover,  the 
original  substance  gave,  with  strong  sulphuric  acid  and  ferrous  sul- 
phate solution,  the  ordinary  nitrate  test,  whilst  the  supposed  hydro- 
chloride of  amidolutidone  gave  results  agreeing  with  lutidone  hydro- 
chloride, and  lutidone  was  actually  prepared  from  it  by  treatment 
with  soda  solution. 

Found  N  =  8  -7  ;  CI  =  22  -3  per  cent. 

Calculated  for  C7H9N0,HC1,H20,  N  =  87  ;  CI  =  22-0  per  cent. 

The  supposed  nitrolutidone  was,  therefore,  merely  lutidone  nitrate, 
C7H10N2O4  =  C-HgNO.HNOg. 

Not  having  been  able  to  prepare  a  nitro-derivative  by  the  action 
of  nitric  acid  alone,  a  mixture  of  nitric  and  sulphuric  acids  was 
next  tried.  Twenty  grams  of  lutidone  was  dissolved  in  30  c.c.  of 
strong  sulphuric  acid  and  60  c.c.  of  a  mixture  of  equal  volumes  of 
fuming  nitric  and  sulphuric  acids  was  added  ;  no  nitrous  fumes  were 
evolved.  It  was  then  warmed  for  a  few  moments  on  a  water  bath  and 
when  cold  poured  into  water,  and  the  aqueous  solution  nearly 
neutralised  with  sodium  carbonate,  pale  yellow  crystals  at  once  began 
to  separate ;  these,  which  wei'e  nearly  soluble  in  cold  water,  were  washed 
and  recrystallised  from  dilute  acetic  acid.  When  pure,  they  ai-e 
nearly  colourless,  having  only  a  faint  yellowish  tinge.  The  compound 
melts  at  about  290 — 300°  with  considerable  decomposition.  It  has 
a  strong  acid  reaction,  and  when  dissolved  in  soda  yields  a  brilliant 
yellow  solution ;  the  yellow  solution  obtained  by  dissolving  the 
substance  in  ammonia  gradually  loses  its  colour  when  boiled,  the  un- 
changed nitro-derivative  ultimately  crystallising  out  after  all  the  am- 
monia has  been  driven  off.  This  ammoniacal  solution  gives  a  brilliant 
yellow  precipitate  with  silver  nitrate  solution. 

On  analysis,  the  following  numbers  were  obtained. 

FoundC  =  49-9  and  49-8;  H  =  5-land5-2;  N=  16-7  and  16-9. 
Calculated  for  C^HgN.Oa,  C  =  500  ;  H  =  4-7  ;  N=  16-6  per  cent. 

The  compound  is  therefore  the  true  nitrolutidone, 

C7H9NO  +  HNO3  =  CyHgNgOg  +  H2O. 

aa! -Dimethyl-y-oxy-^-amidopyridine. 

When  nitrolutidone  is  added  to  a  mixture  of  granulated  tin  and 
strong  hydrochloric  acid,  it  at  once  dissolves  and  the  temperature  rises 
considerably  ;  the  reduction  is  very  I'apidly  eifected,  and  after  the  tin 
has  been  pi'ecipitated  by  hydrogen  sulphide,  the  filtered  liquid  on 
evaporation  yields  crystals  of  amidolutidone  hydrochloride.  This  salt 
is  best  recrystallised  from  hydrochloric  acid  ;  it  then  forms  a  granular 
mass  of  crystals,  which,  in  solution,  have  a  strongly  acid  reaction.     On 
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keeping,  they  lose   both   hydrochloric  acid   and  water.     Some  of  the 
substance  was  dried  between  filter  paper  and  analysed  as  soon  as  dry. 

Found  0  =  33-6;  H  =  6-9  ;  N  =  11-6  ;  01  =  28-4  per  cent. 
Calculated  for  G.Il^^'N^O,21iC\,2H.p,  0  =  34-0  ;  H  =  7-3  ;  N  =  11  -4 
01  =  28-7  per  cent. 

An  estimation  was  also  made  of  the  water  of  crystallisation,  but  as 
it  loses  hydrogen  chloride  also  when  heated,  the  result  is  possibly  not  a 
correct  one. 

Found  (after  heating  quickly  at  100°)  HgO^lS-O  per  cent. 
Calculated,  2  mols.  of  water,  H20  =  14'5  per  cent. 

The  salt  melts  at  about  275 — 280°  (corr.),  losing  a  considerable  amount 
of  hydrogen  chloride. 

When  its  solution  is  treated  with  only  one  molecular  proportion  of 
sodium  hydrogen  carbonate,  a  monohydrochloride  melting  at  186° 
(corr.)  can  be  obtained  ;  this,  when  heated  at  100°  for  some  time, 
decomposes  and  turns  brown.  It  was  recrystallised  from  alcohol  and 
a  nitrogen  estimation  made. 

Found  N=  16-7  per  cent. 

Calculated  for  C^HioNgOHCl,  N-  16-1  per  cent. 

Both  these  hydrochlorides  when  entirely  neutralised  by  either  soda 
or  sodium  carbonate,  yield  amidolutidone  which  is  not  very  soluble  in 
cold  water,  and  can  be  easily  purified  by  recrystallisation  from  water. 
It  crystallises  in  long,  needle-shaped  crystals,  and  when  analysed  gave 
the  following  results. 

Found  0  =  52-7;  H  =  7-9;  N  =  17-8  per  cent. 

Calculated  for  C^HioNgajHaO,  0  =  53-8;  H  =  7-7;  N  =  17-9  percent. 

The  substance  was  also  dried  at  100°  and  analysed. 

Found  0  =  60-1  ;  H  =  7-7.     N  =  20-6  per  cent. 

Calculated  for  C^H^oN^O,  0  =  60-9  ;  H  =  7-3  ;  N  =  203  per  cent. 

Two  determinations  of  the  water  of  crystallisation  were  also  made. 
Found  H2O  =  1 1  -7  and  1 1  -5.     Calculated  for  1  H^O,  11-5  per  cent. 

This  amidolutidone,  as  has  already  been  pointed  out,  does  not  yield 
such  a  brilliant  series  of  colour  tests,  when  treated  with  various 
oxidising  reagents,  as  either  the  amidodihydroxypicoline  or  the  amido- 
pseudolutidostyril.  It  does,  however,  give  a  brownish-red  coloration 
with  ferric  chloride,  and  with  strong  sulphuric  acid  and  solid  potassium 
dichromate  a  green  colour.  Its  chief  characteristic  property  is  its 
reducing  power ;  when  silver  nitrate  is  added  to  its  aqueous  solution, 
a  voluminous,  white  precipitate  is  formed  at  first,  but  on  warming 
complete    reduction    occurs,   and    metallic  silver   is    produced    as    a 
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grey  metallic  deposit,  iu  this  respect  it  resembles  the  amidodihydroxy- 
picoline.  If  amidolutidoue  is  persistently  boiled  with  cavbouate  of  soda 
solution,  it  is  partially  decomposed,  and  some  acetate  can  be  detected 
in  the  solution,  and  instead  of  giving  the  platinochloride  of  amido- 
lutidone,  another  platinum  salt  was  obtained  containing  37 "5  per  cent. 
Pt.  This  agrees  with  C5HioN20,H2PtClg ;  Pt  =  37-2  per  cent.  The  de- 
composition may  possibly  have  occurred  as  follows, 

C-H10N2O  +  2H2O  =  CgHioNgO  +  aH^O,. 

The  true  platinochloride  of  amidolutidone  is  a  very  soluble  salt,  and 
is  best  prepared  by  pouring  a  strong  solution  of  platinic  chloride  on  to 
solid  amidolutidone  hydrochloride.  It  then  crystallises  in  small,  very 
characteristic,  microscopical,  shield-shaped  crystals  ;  these  cannot  be 
recrystallised  from  hot  water,  as  they  entirely  decompose  when  warmed 
in  aqueous  solution.     They  were  analysed. 

Found  Pt  =  32 '3  and  32-7 ;  water  of  crystallisation,  HgO  =  5-9  per  cent. 
Calculated    for  0;HiyN20,H20,H2PtC]6  +  2H20,     Pt  =  32-4;    2H2O 
=  5-9  per  cent. 

When  this  platinum  salt  is  dissolved  in  dilute  hydrochloric  acid 
and  the  solution  is  warmed,  a  granular  platinum  salt  begins  to 
sepai'ate  after  a  short  time  ;  this  is  only  sparingly  soluble,  even  in 
hot  water,  its  hot  aqueous  solution  also,  if  not  acid  with  hydrochloric 
acid,  undergoes  reduction  on  boiling,  and  the  dry  salt,  when  heated, 
chars,  but  does  not  melt. 

When  dried,  it  contains  as  much  as  40"2  per  cent,  of  platinum,  thus 
showing  that  it  must  not  only  be  the  platinum  salt  of  a  base  with  a 
very  small  molecular  weight,  but  also  that  the  base  must  belong  to 
the  class  of  diamines.     The  salt  was  dried  at  100'^  and  analysed. 

Found  0  =  7-2;  H  =  2-2  ;  N  =  5-9  ;  Pt  =  402,  40-3,  40-5  par  cent. 
Calculated    for    C3H8N2,2HCl,PtCl4.    C  =  7-2;    H  =  2-4;    N  =  5-6; 
Pt  =  40-2  per  cent. 

The  undried  salt  contained  H20  =  3'8.  Calculated  1H20  =  3'6  per 
cent.  ;  also  39*1  per  cent.  Pt ;  calculated,  Pt  =  39'0  per  cent. 

This  curious  platinum  salt  was,   therefore,  evidently  the   salt   of 

riTT   .  ri  ."fJTT 

px'opinediamine,        ^  1 1         ^^HgPtClg,  and  this  diamine  had  been  pro- 
HC'NHg 

duced  by  the  decomposition  of  the  amidolutidone, 

0^1110^20  +  3H2O  =  0,HgN2  +  2C2H,02. 

But  it  is  remarkable  that  such  a  change  should  occur,  especially  as 

lutidone  itself  is  such  a  stable  pyridine  compound,  and  is  not  liable  to 

be  reconverted  into  open  chain  compounds.      An  attempt   was  made, 

but  without  success,  to  prepare  the  free  base,  propinediamine,  from 
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the  platinum  salt  by  precipitating  the  platinum  with  sulphuretted 
hydrogen  and  subsequently  evaporating ;  the  residue  of  the  hydro- 
chloride was  excessively  soluble  in  water,  and  when  treated  with  soda 
gave  some  ammonia  gas,  and  the  solution  at  once  reduced  silver  nitrate 
solution,  but  owing  to  the  small  quantity  of  the  platinum  salt  at  our 
disposal,  we  were  unable  to  isolate  the  free  base. 


XIX. — Note  on  the  Action  of  Bromine  on  Benzene. 

By  J.  Norman  Collie,  Ph.D.,  F.K.S.,  and  Colin  C.  Fkye,  Pharma- 
ceutical Society  of  Great  Britain,  Bloomsbury  Square. 

In  a  former  paper  communicated  to  the  Society  (Trans.,  1897,  71, 
1013),  one  of  the  authors  referred  to  a  paper  by  Ador  andRilliet  (5e)-., 
1875,  8,  1286),  where  it  was  stated  that,  by  the  action  of  a  small 
quantity  of  bromine  on  excess  of  benzene,  bromine  additive  products 
are  formed,  which,  on  treatment  with  zinc  ethide  and  subsequent 
oxidation  yield  metabromophthalic  acid  and  metaphthalic  acid.  The  re- 
action was  supposed  to  take  place  according  to  the  following  equations. 

(1)  C,He  +  Br2  =  C,H,Br,.      (2)  C,H,Br,  +  2ZnEt2  =  C^HgEt^  +  ZnBr^  • 

And  on  oxidation  with  chromic  acid 

CgHgEt.  gave  CeH4(COOH)2. 

Besides  the  two  meta-acids  mentioned  above,  they  also  obtained 
benzoic  acid,  parabromobenzoic  acid,  and  terephthalic  acid,  but  no 
phthalic  or  orthobromobenzoic  acids. 

This  formation  of  meta-compounds  by  direct  addition  of  bromine  to 
benzene  is  one  of  gx'eat  interest,  and  the  fact  that  no  ortho-disub- 
stitution  derivatives  seemed  to  be  produced  rendered  it  still  more 
perplexing. 

We  have  repeated  the  work  of  Ador  and  Rilliet,  and  find  it 
to  be  substantially  correct,  but  as  we  have  been  able  to  prove 
that  ortho-di-derivatives  are  also  prodviced,  and  that  a  different  result 
is  obtained  when  bromine  and  benzene  are  allowed  to  react  in  the 
dark  or  in  sunshine,  we  have  thought  it  worth  while  to  record  the  facts. 

The  method  employed  by  Ador  and  Rilliet  was  briefly  the  following. 
Dry  benzene  (200  grams)  was  mixed  with  bromine  (6  grams),  the  mix- 
ture exposed  to  sunlight,  the  product  washed  with  water  and  a  little 
dilute  soda,  dried,  and  boiled  with  zinc  ethide  for  20  hours.  The  ex- 
cess of  benzene  was  then  distilled  off,  and  all  that  boiled  above  110° 
was  collected  and  oxidised  with  chromic  acid. 

Our  experiments  were  made  on  a  somewhat  lai-ger  scale,  in  the  hopes 
of  obtaining  perhaps  enough  of  the  ethyl  compounds  to  separate   by 
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fractional  distillation,  but  this  was  found  to  be  impossible,  as  only  very 
small  quantities  of  the  substances  were  produced,  and  the  product 
consisted  of  a  mixture  having  no  definite  boiling  point. 

Our  first  series  of  experiments  consisted  in  allowing  the  dry  benzene 
(which  had  been  carefully  prepared  from  pure  crystalline  benzene  by 
distillation)  and  bromine  (also  purified)  to  remain  in  the  dark  for  24 
hours.  From  500  grams  of  benzene  and  50  grams  of  bromine  we 
obtained  only  about  7  c,c.  of  liquid  boiling  above  100°.  In  another 
experiment  with  the  same  amounts,  we  obtained  somewhat  more,  but 
the  reaction  did  not  seem  to  have  proceeded  far,  and  much  bromine 
remained  unacted  on.  The  7  c.c.  of  liquid  boiled  between  100°  and 
270°,  and  at  no  point  were  we  able  to  say  more  passed  over  than  at 
any  other. 

The  various  fractions  collected  at  100—120°,  120—170°,  170—210°, 
and  above  210°  were  separately  oxidised  with  potassium  permanganate. 

The  two  fractions  of  lower  boiling  point  gave  considerable  quan- 
tities of  benzoic  acid  (m.  p.  120°),  but  mixed  with  it  were  traces  of  a 
bromorthophthalic  acid,  as  eosin  was  formed  when  it  was  heated  with 
resorcinol  and  sulphuric  acid.  From  the  fraction  170 — 210°,  we  were 
able  to  isolate  an  acid  containing  bromine  which  melted  at  248°  ;  para- 
bromobenzoic  acid  melts  at  251°.  A  determination  of  bromine  gave  39  "0 
per  cent.;  CgH^Br-COOH  requires  Br  =  39'8  per  cent.;  the  amount 
of  silver  in  the  silver  salt  was  also  determined.  Found  Ag  =  37'6; 
CgH^Br'COOAg  requires  Ag  =  35'6  percent.  The  amount  of  acid  at 
our  disposal,  however,  was  so  exceedingly  small  (about  0'3  gram)  that 
we  were  unable  to  purify  it  properly,  which  fact  may  account  for  the 
excess  of  silver  found  in  the  analysis  of  the  salt.  From  the  fraction 
210°  and  above,  a  very  small  amount  of  acid  was  obtained  which  was 
partly  soluble  in  hot  water  ;  it  did  not  give  any  reaction  for  an  ortho- 
dicarboxylic  acid  of  benzene  when  heated  with  resorcinol  and  sulphuric 
acid,  it  melted  at  185°,  and  sublimed  at  a  higher  temperature.  An 
analysis  gave  39 "8  per  cent,  of  bromine,  but  its  melting  point  does  not 
agree  with  that  of  any  of  the  bromobenzoic  acids. 

Our  next  experiments  were  made  with  the  same  quantities  of  benz- 
ene and  bromine,  which  were  carefully  purified,  dried,  and  mixed  at 
-  10°  ;  the  mixture,  after  being  exposed  to  sunlight  for  6  hours,  was 
washed  with  water,  dried  over  calcium  chloride,  and  40  grams  of  zinc 
ethide  were  then  distilled  into  the  dry  mixture  and  the  whole  boiled 
for  24  hours  (3  days).  The  product  was  washed  with  dilute  hydro- 
chloric acid,  dried,  and  fractionated ;  34  c.c.  passed  over  above  100°, 
this  was  separated  into  the  following  fractions,  100 — 120°  about 
5  c.c,  120—150°  about  4  c.c,  150—200°  about  5  c.c,  above  200° 
about  20  c.c.  These  fractions  were  oxidised,  as  in  the  preceding  case, 
with  potassium  permanganate.     The  first  fraction  gave  large  quan- 
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titles  of  benzoic  acid,  bvit  after  evaporating  the  benzoic  acid  on  the 
water  bath,  a  residue  was  left  which  gave  a  strong  fluorescein  reaction 
with  resorcinol  and  sulphuric  acid,  proving  the  presence  of  an  ortho- 
phthalic  acid.  The  second  fraction  gave  also  chiefly  benzoic  acid,  but 
after  this  acid  had  been  volatilised  at  100°,  there  remained  a  small 
amount  of  an  acid  which  was  almost  insoluble  in  cold  water ;  it  was 
soluble  in  ether  and  slightly  so  in  hot  water,  and  was  purified  by 
several  times  dissolving  it  in  alcohol  and  precipitating  with  water.  It 
did  not  contain  bromine,  and  gave  no  phthalic  acid  reaction  with  re- 
sorcinol. On  comparing  it  with  isophthalic  acid,  it  seemed  identical 
under  the  microscope,  both  when  crystallised  from  water  and  when 
sublimed.  When  the  two  acids  were  heated,  they  both  behaved  in  a 
similar  manner,  melting  and  subliming  at  about  310°. 

Some  of  the  salts  of  this  acid  were  compared  with  those  of  isophthalic 
acid ;  with  silver  nitrate  it  gave  a  white  precipitate,  with  barium 
chloride  a  white  precipitate,  and  with  ferric  chloride  a  reddish-brown 
precipitate,  identical  with  corresponding  pi^ecipitates  obtained  with  iso- 
phthalic acid.  Its  silver  salt  gave  Ag  =  57'6  per  cent.,  Cgll4(COOAg)2 
requiring  Ag  =  56'8  per  cent.  As  the  only  other  acid  that  it  could  have 
been  was  terephthalic,  pure  terephthalic  acid  was  also  compared  with  it 
under  the  microscope,  but  the  two  appeared  quite  different  in  crystal- 
line form.  It  seems  certain,  therefore,  that  Ador  and  Rilliet's  obser- 
vation was  correct,  and  that  when  bromine  is  allowed  to  react  with 
benzene  in  sunlight,  meta-di-derivatives  are  formed.  The  only  acid 
that  could  be  separated  from  the  fraction  of  highest  boiling  point  was 
parabromobenzoic  acid  melting  at  250°. 

It  appears,  therefore,  from  these  results,  that  when  bromine  is 
allowed  to  act  on  benzene  in  sunlight  some  dibrom-additive  products 
are  formed  in  vex'y  small  quantities,  which  by  the  reactions  employed 
can  be  converted  into  dicarboxylic  acids  of  benzene  ;  as  we  have  ob- 
tained acids  that  yield  fluorescein  and  eosin  (when  heated  with  resor- 
cinol), parabromobenzoic  acid  and  metaphthalic  acid,  it  follows  that 
bromine  is  capable  of  reacting  with  benzene  to  form  ortlio-,  meta-,  and 
para-compounds.  The  explanation  of  this  is  difficult,  and  seems 
entirely  at  variance  with  the  action  of  bromine  on  bromobenzene. 


XX. — Benzene  Hexahromide. 

By  Francis  Edward  Matthews,  Ph.D. 

In  the  course  of  work  on  the  halogen  hexa-additive  compounds  of 
benzene  and  its  derivatives,  the  author  has  had  occasion  to  prepare 
the  hexabromide  of  benzene  in  considerable  quantity. 

R  2 
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As  benzeue  hexachloride  exists  in  two  isomeric  forms,  the  existence 
of  two  modifications  of  the  hexabromide  was  to  be  expected,  but 
although  carefully  looked  for,  no  indication  of  the  second  modification 
was  obtained. 

As  the  hexabromide  prepared  by  the  method  described  in  a  former 
paper  (Trans.,  1892, 61, p.  110)  seemed  homogeneous,  its  further  investi- 
gation was  abandoned  until  a  paper  was  published  by  Orndorf  and  Ho  wells 
{Amer.  Cliem.  «/.,  1896,  18,  pp.  312 — 319),  who  succeeded  in  isolating  a 
very  small  quantity  of  a  second  modification  from  the  hexabromide 
prepared  by  the  method  suggested  in  my  paper,  but  not  from  that 
prepared  by  other  methods. 

Having  a  considerable  amount  of  crude  material  on  hand,  I  once 
more  attempted  to  obtain  the  second  modification,  but  in  the  course  of 
a  series  of  fractional  extractions  with  chloroform  performed  on  some 
half-pound  of  substance,  I  could  find  no  evidence  of  the  more  insoluble 
modification,  as  the  crystals  obtained  from  the  final  extract  had  the 
same  crystalline  form,  melting  point,  and  solubility  as  those  from 
earlier  portions. 

In  the  method  of  preparation  adopted  by  Orndorf  and  Howells 
there  was,  however,  one  slight  difference  from  that  which  I  used,  and 
this  may  account  for  the  difference  in  the  result.  After  exposure  to 
sunlight,  they  evaporated  the  mixture  of  bromine,  water,  and  benzene 
to  dryness,  and  subsequently  made  extracts  of  the  residue  ;  my  crude 
material  consisted  solely  of  the  solid  precipitated  during  the  action  of 
sunlight,  which  was  roughly  freed  from  the  mother  liquor  by  filtration 
through  coarse  muslin,  and  by  subsequent  washing  with  benzene,  so 
that  it  seems  probable  that  the  second  modification,  although  very 
insoluble,  is  produced  in  such  small  quantity  as  not  to  precipitate 
spontaneously  from  the  mother  liquor,  which  consists  of  benzene,  a 
considerable  quantity  of  bromobenzene,  and  a  small  amount  of  para- 
dibromobenzene. 

Bromobenzene  does  not  appear  to  be  capable  of  forming  a  hexabro- 
mide under  the  conditions  in  which  benzene  hexabromide  is  produced, 
the  bromine  displaces  hydrogen  in  the  nucleus,  and  paradi bromobenzene 
is  almost  exclusively  formed. 

Bromobenzene  also  could  not  be  made  to  form  a  hexachloride ;  on 
mixing  bromobenzene  with  water  and  passing  in  chlorine,  bromine  is 
liberated,  rapidly  in  sunlight,  more  slowly  in  diffused  daylight,  and 
on  continuing  the  action  a  complex  mixture  of  halogen  compounds  is 
formed. 

In  all  its  reactions  save  one,  benzene  hexabromide  behaves  as  has 
been  described  by  previous  investigatoi's ;  the  sole  difference  is  the 
action  of  alcoholic  alkali  hydroxides  on  it.  According  to  previous 
work,  benzene  hexabromide  is  decomposed  by  alcoholic  solutions  of 
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alkalis,  similarly  to  the  hexachloride,  quantitatively  into  1  :  2  :  4  tri 
bromobenzene  with  the  removal  of  3  mols.  HBr.  This  I  have 
found  not  to  be  the  case,  as  on  boiling  the  pure  recrystallised  hexa- 
bromide  with  alcoholic  soda,  more  bromine  is  removed  than  is  required 
by  the  equation 

CgHfiBre  +  3NaOH  =  C^HgErg  +  SNaBr  +  SHgO. 
Some    pure  benzene  hexabromide,  recrystallised  from  chloroform, 
and  which  gave  on  analysis  85-44  per  cent,  of  bromine  (Theory  86-02) 
was  decomposed  with  excess  of  alcoholic  soda  free  from  chlorine,  and 
the  amount  of  bromine  in  solution  was  determined. 

0-2298  gram  C^iHgBrg  gave  0-2707  gram  AgBr.     Br  =  50-1, 
0-2154     „      cXBrg      „     0-2444     „     AgBr.     Br  =  48-3. 
Theory  for  removal  of  Br3  =  43-0,  of  Br4  =  57-3  per  cent. 

From  the  above  it  follows  that  1  mol.  CgH,.Br,,  parts  with  about 
3|  atoms  of  bromine  to  alcoholic  soda,  and,  in  order  to  identify  the 
products,  the  reaction  was  carried  out  on  a  much  larger  scale.  After 
the  hexabromide  had  been  boiled  with  excess  of  alcoholic  soda  for 
some  time  and  everything  had  gone  into  solution,  excess  of  water  was 
added,  and  the  semi-solid  precipitate  extracted  with  ether  ;  the  solu- 
tion was  dried,  the  ether  distilled  off,  and  the  residue  fractionally 
distilled,  when  the  whole  came  over  between  210°  and  280°,  two 
principal  fractions  being  obtained,  the  first  distilling  at  220  —  230°, 
and  the  other  at  260 — 270°.  Both  of  these  portions  solidified  on  stand- 
ing, and  the  fraction  260 — 270°,  after  recrystallisation  from  benzene, 
gave  the  following  figures  on  analysis. 

0-2820  gave  0-5070  AgBr.  Br  =  76-5.  CgHgBrg  requires  Br  =  76-2  per  ct. 

It  was  identified  as  unsymmetrical  tribromobenzene  from  the  above 
figures  by  its  boiling  point  and  melting  point  (43°).  The  other  chief 
fraction,  220 — 230°,  was  freed  from  oily  matter  on  a  porous  plate 
and  recrystallised  from  benzene,  in  which  it  was  very  soluble,  by 
spontaneous  evaporation.  It  was  then  found  to  melt  at  86 — 87°,  and 
gave  the  following  figures  on  analysis. 

0-1936  gave  0-3094  AgBr.     Br  =  68-0. 

0-2744     „     0-3096  COo  and  0-0490  H2O.  0  =  30-8;  H  =  2-0. 

0-1032     „     OII6OCO2    „    00180  H.A  0  =  30-6;  H=  1-9. 

CgH^Brg  requires  Br  =  67-8  ;  C  =  30-5  ;  H  =  1  -7  per  cent. 

The  substance  is  therefore  a  dibromobenzene,  and  from  its  melting 
point  and  from  the  melting  point  of  its  nitro-derivative  (83°)  it  appears 
to  be  the  pai-a-compound.  Between  230°  and  260°,  small  fractions  of 
liquid  substances  were  obtained,  but  as  the  small  amount  precluded 
their  separation  by  fractional  distillation,  an  attempt  was  made   to 
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separate  them  by  fractional  crystallisation  of  their  nitro-derivatives ; 
the  presence  of  orthodibromobenzene  was  suspected,  but  the  results 
obtained  did  not  completely  substantiate  its  presence. 

Tribromobenzene  yields  no  trace  of  dibromobenzene,  neither  does  it 
part  with  bromine  when  acted  on  by  boiling  alcoholic  soda ;  the 
formation  of  the  dibromobenzene,  therefore,  takes  place  during  the 
decomposition  of  the  benzene  hexabromide. 

Benzene  hexabromide,  on  reduction  with  nascent  hydrogen  in  acid 
alcoholic  solution,  yields  benzene.  The  benzene  thus  obtained  was 
found  to  yield  both  modifications  of  benzene  hexachloride  on  treatment 
with  chloi-ine. 

Royal  Indian  Engineering  College, 
Coopers  Hill. 


XXI. — Observations  on   the  Lifluence  of  the   Silent 
Discharge  on  Atmosjoheric  Air. 

By  William  Ashwell  Shenstone  and  William  T.  Evans. 

Nearly  forty  years  ago,  the  late  Professor  Andrews  observed  that 
when  air  is  exposed  to  the  action  of  the  silent  discharge  of  electricity 
it  contracts  to  a  certain  extent,  that  if  it  be  then  left  in  contact  with  oil 
of  vitriol  for  a  few  hours  it  undergoes  further  contraction,*  and  that  if 
the  residue  be  afterwards  again  submitted  to  the  discharge  its  volume 
may  be  yet  further  diminished.  He  accounted  for  these  phenomena 
by  supposing  that  one  or  more  of  the  higher  oxides  of  nitrogen  had 
been  formed  from  the  air.  At  the  same  time,  Andrews  called  atten- 
tion to  the  fact  that  it  is  impossible  to  generate  ozone  in  oxygen 
which  contains  small  quantities  of  nitrogen  if  the  mixture  has  recently 
been  exposed  to  the  action  of  disruptive  discharge.  This  he  also 
attributed  to  the  *'  presence  of  a  trace  of  hyponitric  acid  gas  pro- 
duced by  the  electrical  sparks"  (Trans.  Eoy.  Soc,  1860,  p.  127). 

Berthelot  (Compt.  rend.,  1881,  92,82),  and  Hautefeuille  and  Cliappuis 
(Compt.  rend.,  1881,  92,  80  and  134)  have  also  recognised  oxides  of 
nitrogen  among  the  products  of  the  action  of  the  silent  discharge  on 
atmospheric  air,  and  most  of  Andi'ews'  successors  in  this  field  of  work 
have  taken  pains  to  employ  very  carefully  purified  oxygen  for  their 
experiments.  Our  knowledge,  however,  of  the  plienomena  described 
by  Andrews  still  stands  almost  at  the  stage  at  which  he  left  it ;  and, 
therefore,  as  the  subject  is  both  interesting  from  the  scientific  point 

*  The  oil  of  vitriol  is  not  lueiitioued  iu  Andrews'  description  of  his  experinient, 
but  it  was  present  in  the  manometers  he  used. 
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of  view,  and  of  some  importance  to  those  who  seek  to  apply  ozone 
medically,  and  for  other  technical  purposes,  we  have  recently  spent 
some  time  in  an  attempt  to  follow  up  this  part  of  Andrews'  beautiful 
researches. 

"We  are  conscious  that  the  work  described  in  this  paper  by  no  means 
exhausts  our  subject,  but  we  venture  to  present  the  results  already 
obtained  to  the  Society  at  this  stage,  since  we  hope  they  may  be  found 
interesting  and  useful  to  other  workers,  and  because  the  difficult 
character  of  the  experiments  still  before  ns  may  make  our  future 
progress  rather  slow. 

I.  A  Method  of  Detecting  Nitric  Peroxide    in  the  Presence  of  Ozone. 

The  oxide  of  nitrogen  produced  by  the  action  of  the  silent  discharge 
on  air  always  exists  in  the  presence  of  excess  of  oxygen  or  ozone  ; 
therefore,  as  there  is  no  reason  to  suspect  that  nitrous  oxide  is  formed 
by  the  discharge,  nitric  peroxide  is  the  only  oxide  of  nitrogen  which 
is  at  all  likely  to  be  met  with  ;  in  order  to  detect  and  estimate  this  in 
the  presence  of  ozone,  we  draw  the  gas  to  be  tested  through  a  very 
dilute  solution  of  soda,  and  then  determine  the  nitrite  formed  by 
means  of  Riegler's  reagent  (Abstr.,  1897,  ii,  464).  As  the  action  of 
the  latter  seems  to  depend  in  the  first  instance  on  the  forming  of 
a-diazo-naphthylenesulphonic  acid,  by  the  interaction  of  niti'ous  acid 
with  1  : 4-naphthylaminesulphonic  acid,  and  on  its  subsequent  con- 
version into  a  red  dye,  its  usefulness,  as  might  be  expected,  is  not 
affected  by  the  presence  of  ozone,  and  we  believe  it  to  be  very  suitable 
for  the  purpose  to  which  we  have  applied  it. 

II.  Influence  of  the  Silent  Discharge  on  Moist  Air. 

Experiment  I. — An  ozone  generator  provided  with  a  manometer 
(Trans.,  1893,  63,  p.  943,  Fig.  3)  was  filled  with  atmospheric  air 
saturated  with  water  at  0°,  from  which  the  ammonia  and  carbon 
dioxide  had  previously  been  removed ;  the  contents  of  the  apparatus 
were  then  submitted  to  the  discharge  at  0°,  as  described  in  previous 
accounts  of  similar  experiments  on  oxygen  {Joe.  cit.,  p.  938).  The 
difference  of  potential  employed  corresponded  to  44"4  C.  G.  S.  units 
(electrostatic),  and  great  care  was  taken  not  to  raise  the  tempera- 
ture of  the  gas  by  employing  too  rapid  a  succession  of  discharges.  As 
soon  as  the  discharge  was  applied  to  the  air,  it  condensed  rapidly  and  to 
a  remarkable  extent,  presently  the  rate  at  which  it  contracted  became 
slower,  and  then,  suddenly,  it  commenced  to  re-expand  ;  the  latter 
change  ceased  whenever  the  discharge  was  discontinued,  but  occurred 
again  as  often  as  the  sparking  was  recommenced.  When  a  large 
part  of  the  ozone  formed  during  the  first  stage  had  evidently^  been 
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destroyed,  but  while  a  little  still  remained,  a  hole  was  pierced  in  the 
bottom  of  the  ozone  generator,  another  at  the  end,  Z  {loc.  cit.),  of  the 
manometer,  and  its  contents  were  drawn  through  cold  water,  which 
was  afterwards  examined  for  nitrites  in  the  manner  described  above. 
Unmistakable  indications  of  the  presence  of  nitric  peroxide  were 
obtained. 

Owing  to  the  suddenness  with  which  the  secondary  action  of  the 
discharge  set  in,  we  are  unable  to  state  exactly  the  maximum  amount 
of  ozone  formed.  "We  satisfied  ourselves,  however,  from  the  measure- 
ments taken,  that  not  less  than  91  per  cent,  of  the  oxygen  present 
had  been  converted  into  ozone  ;  we  believe  this  proportion  has  never 
been  exceeded  except  in  one  of  our  own  experiments.* 

Having  now  obtained  a  general  idea  of  the  mode  of  action  of  the 
silent  discharge  on  air,  we  arranged  our  subsequent  experiments 
largely  for  the  purpose  of  gaining  answers  to  the  following  questions. 

a.  What  is  the  highest  yield  of  ozone  that  can  be  obtained  from 
air  under  the  most  favourable  conditions  1 

h.  At  what  stage  is  nitric  peroxide  first  formed,  and  what  is  its 
subsequent  history  ? 

c.  What  influence  has  the  presence  of  moisture  on  the  various 
phenomena  under  investigation  1 

In  all  the  experiments  described  in  this  paper,  we  employed  the 
ozone  generator  formerly  used  by  one  of  us  for  examining  the  influence 
of  the  silent  discharge  on  moist,  and  on  carefully  dried  oxygen.  The 
present  work  on  air  is  therefore  strictly  comparable  with  the  former 
work  on  oxygen  (Trans,,  1897,  71,  p.  471).  A.  small  tail  was  added 
to  the  bottom  of  the  ozone  geneiator  {loc.  cit.,  Fig.  3),  in  order  that 
we  might  attach  an  absorption  tube  to  it  by  a  paraffin  joint  when  it 
was  necessary  to  withdraw  its  contents  in  order  to  test  for  nitric 
peroxide. 

III.  The  Maximum  Yield    of   Ozone   ■produced  by    the   Action    of  the 
Silent  Discharge  on  Air  at  0°. 

From  the  i^esults  of  a  number  of  experiments,  we  found  that,  in 
order  to  produce  the  largest  proportion  of  ozone  from  air,  it  is  necessary 
that  moist  air  should  be  employed,  also  that  great  care  be  taken  not 
to  apply  the  discharges  in  too  rapid  succession,  and  that  frequent 
intervals  be  allowed  for  cooling  towards  the  end  of  the  operation. 

It  is  rather  difficult  to  hit  the  point  at  which  the  condensation  of 

*  Brodie  (Tm/w.  Roy.  Soc,  1874,  164,  p.  101)  siihniitted  ciuhoii  dioxide  to  the 
.action  of  tiie  silent  discharge  and  found  that  as  much  as  85  per  cent,  of  the  oxygen 
liberated  might  consist  of  ozone.  Only  a  few  c.c.  of  ozone  were  obtained,  however, 
from  a  considerable  volume  of  carbon  dioxide  in  Brodie's  experiment. 
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the  air  attains  its  maximum,  because  immediately  this  point  is 
reached  the  contents  of  the  ozoniser  re-expand  rapidly.  Ozonised  air, 
moreover,  appears  to  be  far  more  sensitive  to  rise  of  temperature,  such 
as  may  be  caused  by  the  use  of  a  too  rapid  succession  of  discharges, 
than  is  the  case  with  ozonised  oxygen.  The  effect  of  this  sensitiveness 
is  well  illustrated  by  the  results  of  our  three  earliest  experiments. 

Experiment  I. — This  was  the  preliminary  experiment  described  above. 
The  discharges  were  delivered  at  a  moderate  rate  with  frequent  inter- 
vals for  cooling,  air  saturated  with  water  at  0°  being  used. 

91  per  cent,  of  the  oxygen  present  was  converted  into  ozone. 

Experiment  II. — Air  saturated  with  water  at  0°  was  used,  the 
succession  of  discharges  was  more  rapid,  but  the  intervals  for  cooling 
were  the  same  as  in  the  previous  experiment. 

Only  82  1  per  cent,  of  the  oxygen  was  converted  into  ozone. 

Experiment  III. — The  dynamo  did  not  work  well  during  this  experi- 
ment, and  consequently  the  succession  of  discharges  was  very  slow ; 
moist  air  was  used,  and  the  intervals  for  cooling  were  the  same  as  in 
the  other  two  experiments. 

98  per  cent,  of  the  oxygen  present  was  converted  into  ozone. 

If  the  last  of  these  results  be  compared  with  what  has  previously 
been  done,  it  will  be  seen  that  not  only  does  the  proportion  of  the 
oxygen  which  was  ozonised  far  exceed  anything  previously  obtained, 
but  also  that  the  charge  of  ozone  carried  by  the  gas  is  exceedingly 
high,  much  higher,  for  example,  than  was  obtained  by  one  of  us,  by 
means  of  the  same  ozone  generator,  and  under  the  most  favourable  con- 
ditions from  moist  oxygen,  namely,  13'6  per  cent.  (Trans.,  1897,  71, 
p.  475). 

IV.  Experiments  to  ascertain  the  Influence  of  Moisture  on  the  Formation 
of  Ozone  from  Air. 

It  has  been  shown  by  one  of  us,  in  a  previous  paper,  that  well-dried 
oxygen  yields  little  or  no  ozone  when  it  is  subjected  to  the  action  of  the 
silent  discharge  (Trans.,  1897,  71,  p.  479) ;  a  single  experiment  such  as 
was  then  performed  occupied  many  months,  and  during  its  progress  the 
ozone  generator  was  not  available  for  other  work.  To  avoid  such  cause 
of  delay  on  this  occasion,  we  dried  our  air  in  a  more  simple  manner, 
partly  because  it  seemed  almost  a  foregone  conclusion  that  very  highly- 
dried  air  would,  like  oxygen,  be  practically  unaffected  by  the  dis- 
charge, and  partly  because  the  progress  of  the  research  as  a  whole  was 
more  important  at  the  time  than  the  making  of  a  single  experiment 
to  minutely  investigate  one  particular  point. 

Before  we  made  the  experiments  with  dried  air,  the  ozone  generator 
was  dried  by  heating  it,  when  exhausted,  with  the  little  furnace 
previously  described  (^c.  cit.,  478) ;  it  was  then  filled  with  dried  air 
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re-exhausted  and  re-filled.  The  air  was  dried  by  passing  it  slowly  over 
a  column  of  purified  phosphoric  anhydride  (Trans,,  1893,  63,  p.  475) 
which  had  previously  been  freed  from  carbon  dioxide. 

It  should  be  mentioned  that  the  air  used  in  VI  was  more  nearly 
dry  than  that  used  in  IV  and  V,  as  it  was  purposely  passed  at  a 
slower  rate  over  the  drying  material. 

A. — Results  obtained  with  wet  oxygen. 

Experiment  I.         91  per  cent,  of  the  oxygen  present  was  ozonised. 
Experiment  II.       82-1  „  „  ,, 

Experiment  III.     98  „  „  „ 

B. — Results  with  dried  oxygen. 

Experiment  IV.     66"7  per  cent,  of  the  ozygen  present  was  ozonised. 
Experiment  V.       67*0  „  „  „ 

Experiment  VI.     60-0  „  „  „ 

Similar  results  were  obtained  in  the  course  of  two  other  experiments 
with  moist  and  dried  air  ;  in  these,  the  air  was  rapidly  ozonised  for  the 
purpose  of  examining  its  composition  at  later  stages,  and  consequently 
the  maximum  proportion  of  oxygen  ozonised  was  smaller  than  before, 
but  the  results  tell  the  same  tale. 

A. — Dried  air     63'5  per  cent,  of  the  oxygen  was  ozonised. 
B.— Moist  air     80-0 

V.     Ex])eriments  to  Trace  the  Formation  of  Nitric  Peroxide  from  Air  hj 
means  of  the  Silent  Discharge. 

We  have  seen  from  Experiment  I  that  air  wliich  has  been  highly 
charged  with  ozone,  and  subsequently  partly  reduced  by  the  continued 
action  of  the  silent  discharge,  contains  nitric  peroxide.  In  oi-der  to 
trace  the  formation  of  the  latter  substance  at  various  stages  of  an 
experiment  and,  if  possible,  to  learn  in  what  manner  its  appearance  is 
connected  with  the  destruction  of  the  ozone  which  follows  the  continued 
application  of  the  discharge,  we  made  the  following  experiments. 

Exjyeriment  VII.- — The  ozone  generator  was  filled  with  dried  air, 
and  its  contents  submitted  to  the  action  of  the  silent  discharge  until 
the  rate  at  which  the  gas  contracted  and  the  proportion  of  oxygen 
ozonised,  63 "5  per  cent.,  indicated  that  the  point  of  maximum  con- 
traction was  nearly  reached  ;  the  contents  of  the  ozone  generator  were 
then  drawn  off  and  examined  for  nitric  peroxide. 

No  nitric  peroxide  was  found. 

Ex]jeriment  VIII. — This  was  a  repetition  of  the  previous  experiment, 
except  that  the  action  of  the  discharge  was  not  carried  quite  so  far, 
only  61  8  per  cent,  of  the  oxygen  being  ozonised.     In  this  case,  also, 
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no  nitric  peroxide  could  be  detected,  although  so  small  a  quantity  as 
0*000001  gram  of  nitrous  anhydride  can  be  recognised  by  Riegler's 
reagent  in  100  c.c.  of  water. 

Exjyeriment  IX. — The  ozone  generator  having  been  recharged  with 
dried  air,  its  contents  were  submitted  to  the  silent  discharge  until  a 
portion  of  the  ozone  first  formed,  67  per  cent.,  was  again  destroyed. 
The  residvie  was  then  tested  for  nitric  pei-oxide. 
No  less  than  0'041  c.c.  was  found.* 

The  observed  increase  of  the  volume  of  the  gas  in  this  experiment 
corresponded  to  a  reduction  of  the  percentage  of  oxygen  ozonised  from 
the  maximum  67  to  54  per  cent.  ;  the  actual  proportion  of  ozone  remain- 
ing was,  however,  somewhat  less  than  54  per  cent.,  because  some 
nitric  peroxide  had  been  simultaneously  formed. 

Similar  experiments  were  next  made  upon  moist  air. 
Exjyeriment  X. — Moist  air  was  submitted  to  the  discharge  until 
80  per  cent,  of  its  oxygen  was  ozonised ;  as  the  rate  at  which  it  con- 
tracted had   then  become  slow,  the  discharge  was  stopped  and  the 
contents  of  the  apparatus  were  tested  as  before. 
No  nitric  peroxide  was  detected. 

Experiment  XI. — This  experiment  was  a  repetition  of  X,  and  gave 
a  similar  result. 

Experiment  XII. — Moist  air  was  submitted  to  the  discharge  until 
some  of  the  ozone  first  formed  had  been  destroyed  again,  but  the 
destruction  of  the  ozone  was  not  carried  so  far  as  in  the  corresponding 
experiment  with  dried  air. 

The  residue  was  found   to  contain  0'020    c.c.   of  nitric  peroxide. 

The  expansion  at  the  second  stage  corresponded  in  this  case  to  a 
reduction  of  the  ozone  from  the  maximum  82"1  to  72  per  cent.,  but 
allowance  must  be  made  for  the  niti'ic  peroxide  simultaneously  formed. 

From  these  results,  it  is  evident  that  nitric  peroxide  is  not  pi'oduced 
by  the  action  of  the  silent  discharge  on  air,  either  moist  or  wheu  dried, 
at  0°,  until  a  large  proportion  of  the  oxygen  present  has  been  con- 
verted into  ozone ;  and  this  fact,  together  with  the  rapid  destruction  of 
ozone  which  accompanies  the  appearance  of  the  nitric  peroxide, 
suggests  the  idea  that  the  latter  may  be  formed  at  the  expense  of  the 

*  These  vohunes  are  calculated  on  the  assumption  that  the  formula  of  nitric  per- 
oxide is  N2O4.  There  is  reason  to  believe,  however,  that,  under  the  conditions 
of  the  experiment,  this  gas  is  partly  dissociated. 

It  is  of  course  possible  that  the  presence  of  ozone  with  the  moisture,  and  nitric  peroxide, 
&c.,  may  favour  the  formation  of  nitric  acid  when  the  mixed  gases  are  drawn  through 
a  dilute  alkaline  solution,  and  thus  lead  one  to  underestimate  the  amount  of  nitric 
peroxide  present.  This,  however,  if  true,  would  rather  increase  the  significance  of 
the  results  obtained  in  experiments  IX  and  XII,  and  these  alone  are  likely  to 
have  been  affected  by  such  a  disturbing  cause. 
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ozone,  and  not  by  the  combining  of  nitrogen  and  ordinai'y  oxygen.  This 
view  of  the  matter  is  supported  by  the  result  of  Experiment  III  (p.  249), 
which  shows  that  only  a  few  tenths  of  a  per  cent,  of  oxygen  were 
present  in  the  gas  at  the  moment  when  the  formation  of  the  nitric 
peroxide  probably  began,  and  is  further  upheld  by  the  important  fact 
that  the  formation  of  nitric  peroxide  from  air  under  the  influence  of 
the  silent  discharge  is  distinctly  retarded  by  the  presence  of  water 
vapour  and  promoted  by  dryness.  (Compare  IX  with  X  and  XI. 
Compare  also  the  results  of  I,  II  and  III,  in  which  82  to  98  per  cent,  of 
oxygen  was  probably  ozonised  before  sensible  quantities  of  nitric  per- 
oxide were  formed,  with  those  of  IV,  V,  VI,  in  which  only  60 — 67 
per  cent,  of  oxygen  was  ozonised  when  its  destruction,  presumably 
due  to  nitric  peroxide,  set  in.)  For  it  has  previously  been  shown 
by  one  of  us  (Trans.,  1897,  71,  loc.  cit.)  that  the  stability  of  ozone 
is  increased  by  the  presence  of  moisture,  which  might  lead  us  to 
expect  its  power  as  an  oxidising  agent  to  be  lower  in  the  pre- 
sence of  water  than  when  dry.  Ordinary  oxygen,  on  the  other  hand, 
is  well  known  to  oxidise  best  in  many  cases  in  the  pi-esence  of  water. 

But  whatever  may  be  the  truth  in  regard  to  this  mattei',  it  is  at  any 
rate  very  interesting  to  meet  with  a  fresh  case  of  chemical  change 
which  is  retarded  by  the  presence  of  water  vapour  (see  also  Trans., 
1897,  71,^00.  cit.). 

In  connection  with  the  above,  it  must  be  remembered  that  although 
the  presence  of  a  large  proportion  of  ozone  is  necessary  for  the  forma- 
tion of  nitric  peroxide  from  air  by  the  influence  of  the  silent  discharge 
at  0°,  yet  a  rapid  destruction  of  ozone  sets  in  simultaneously,  or  almost 
simultaneously,  with  the  formation  of  nitric  peroxide.  The  latter 
change  is  accompanied  by  the  destruction  of  a  great  part  of  the  nitric 
peroxide  first  formed. 

The  following  examples  will  make  this  clear, 

A.  In  Experiment  IX,  some  dry  air  was  ozonised,  then  a  part  of 
the  ozone  was  destroyed  ;  the  residual  contents  of  the  ozoniser  were 
found  to  contain  0*041  c.c.  of  nitric  peroxide. 

B.  Some  moist  air  was  similarly  treated  (Experiment  XII)  ;  it 
yielded  0*020  c.c.  of  peroxide,  N2O4.* 

C.  Some  dry  air  was  ozonised  and  then  re-sparked  until  the  final 
volume  showed  that  all  but  a  trace  of  the  ozone  was  destroyed  ;  it 
afterwards  yielded  only  0007  c.c.  of  peroxide,  NgO^. 

D.  Another  specimen  of  dry  air  was  similarly  treated  ;  it  yielded 
0*006  c.c.  of  peroxide,  N.^O^. 

E.  Some  moist  air  was  ozonised  and  then  submitted  to  the  continued 

*  The  difference  in  tlie  liygioinetiic  state  of  tlie  air  may  possibly  account  for  the 
difference  between  the  results  of  A  ami  H,  since  the  presence  of  nioisttu-e  retards 
the  formation  of  nitric  penixido. 
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action  of  the  discharge  until  only  a  trace  of  ozone  remained ;  it  was 
found  to  contain  only  0008  c.c.  of  peroxide,  ISTgO^.  These  last  three 
results  do  not,  it  is  true,  agree  very  closely,  but  the  difference  between 
the  proportions  of  nitric  peroxide  present  in  A  and  B,  when  most  of 
the  ozone  still  remained  undestroyed,  and  that  found  in  C,  D,  and  E, 
after  the  ozone  was  destroyed,  are  sufficiently  marked. 

On  the  other  hand,  ozone  and  nitric  oxide  do  not  thus  destroy  each 
other  at  0°,  except  under  the  influence  of  the  silent  discharge,  if  moist. 
For  example,  on  one  occasion,  8'405  c.c.  of  moist  gas  containing 
0'824  c.c.  of  ozone  and  0'020  of  nitric  peroxide,  or  an  equivalent 
volume  of  the  products  of  its  dissociation,  were  preserved  for  more 
than  half  an  hour  without  any  sensible  change  of  volume  taking  place, 
and  other  similar  observations  have  been  made.  We  have  reason  to 
suspect,  however,  that  above  0°,  or  if  dry,  these  gases  interact  far 
moi-e  readily.     Experiments  on  this  subject  are  being  carried  out. 

Finally,  our  experience  entirely  confirms  the  statement  made  by 
Andrews,  that  oxygen  cannot  be  converted  into  ozone  if  a  trace  of 
nitric  peroxide  be  present.  In  one  experiment  made  to  test  this  point, 
8-74^c.c.  (at  760  mm.  and  0°)  of  dried  air  was  ozonised,  and  the  product, 
8  "35  c.c,  was  then  submitted  to  the  continued  action  of  the  discharge 
until  it  ceased  to  expand  ;  its  volume  was  then  8"72  c.c.  After  this 
it  was  submitted  to  the  silent  discharge  for  75  minutes,  but  it  re- 
mained quite  unaffected,  and  at  the  end  its  volume  was  still  8*72  c.c. 

Summary. 

1.  Oxygen,  diluted  by  nitrogen,  yields  a  higher  proportion  of  ozone 
when  submitted  to  the  influence  of  the  silent  discharge,  under 
given  conditions,  than  pure  oxygen ;  the  proportion  of  oxygen  ozonised 
may  be  as  high  as  98  per  cent,  of  the  oxygen  submitted  to  the  dis- 
charge. This  fact  deserves  the  notice  of  those  who  are  interested  in 
the  technical  applications  of  ozone. 

2.  If  the  process  of  ozonising  air  be  not  pressed  too  far,  no  peroxide 
of  nitrogen  will  make  its  appearance. 

3.  The  presence  of  water  vapour  is  very  favourable  to  the  pro- 
duction of  a  high  yield  of  ozone,  and  retards  the  appearance  of  nitric 
peroxide. 

4.  At  a  certain  stage  in  the  process  of  ozonising  the  oxygen  of  the 
air,  which  depends  on  the  amount  of  vapour  present,  and  probably  also 
on  the  temperature  of  the  gas,  nitric  peroxide  is  formed.  Its  appearance 
is  immediately,  or  almost  immediately,  followed  by  a  rapid  disappear- 
ance of  the  ozone,  and  this  in  its  turn  results  in  the  destruction  of 
most  of  the  nitric  peroxide. 

5.  That,  as  stated  by  Andrews,  the  presence  of  a  trace  of  nitric  per 
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oxide  renders  it  impossible  to  convert  oxygen  into  ozone  by  means  of 
the  silent  discharge. 

6.  That  nitric  peroxide  and  ozone  when  moist  do  not  mutually 
destroy  one  another  at  0°,  or  do  so  at  a  very  slow  rate,  unless  they  are 
under  the  influence  of  the  silent  discharge. 

Clifton  College. 

February,  1898. 


XXII. — Preparation  and  Properties  of  Orthochloro- 

hromohenzene. 

By  James  J.  Dobbie,  M.A.,  D.Sc,  and  Fred.  Marsden,  M.Sc,  Ph.D. 

In  the  course  of  an  investigation  on  the  halogen  derivatives  of 
benzene,  we  have  had  occasion  to  prepare  in  quantity  all  the  modifi- 
cations of  its  di-derivatives  containing  chlorine  and  bromine. 

We  find  that  orthochlorobromobenzene  has  not  hitherto  been 
described,  and  the  object  of  the  present  communication  is  merely  to 
place  its  properties  on  record.  The  starting  point  of  its  preparation 
was  orthonitrobromobenzene ;  this  was  made  by  nitrating  bromo- 
benzene  in  the  cold  in  the  manner  described  by  Coste  and  Parry 
{Ber.,  1896,  29,  i,  788) ;  this  gave  very  satisfactory  results,  but  we 
found  it  most  convenient  to  separate  the  ortho-  and  para-compounds 
by  grinding  them  up  in  a  mortar  with  small  quantities  of  cold 
methylated  spirits  and  filtering,  repeating  the  operation  until  the 
filtrate  became  colourless.  The  orthonitrobromobenzene  dissolved, 
and  after  the  solvent  had  evaporated  was  obtained  in  long  needles 
which  melted  at  42°  after  recrystallisation. 

On  reducing  the  orthonitrobromobenzene  to  the  corresponding 
bromaniline,  Hiibner  and  Alsberg  {Annalen,  1870,  156,  316),  and 
later  Fittig  and  Mager  {JBer.,  1874,  7,  1179),  found  great  difiSculty  in 
obtaining  the  latter  in  the  solid  state ;  we  experienced  the  same 
diflUculty,  which  was  completely  overcome,  however,  when  we  added 
the  nitrobromobenzene  in  alcoholic  solution,  instead  of  in  the  solid 
state,  to  the  slightly  warmed  reducing  mixture  of  stannous  chloride 
and  hydrochloric  acid.  On  shaking  vigorously,  the  reduction  pro- 
ceeded with  development  of  heat,  and  after  cooling,  adding  excess 
of  caustic  soda  and  distilling  with  steam,  the  oil  which  came  over 
solidified  in  the  receiver  ;  after  recrystallising,  it  melted  at  32°. 

To  convert  the  orthobromaniline  into  orthobromochlorobenzene,  it 
was  diazotised  in  the  usual  manner,  and  the  solution  of  the  diazo- 
compound  added  to  a  warm  solution  of  cuprous  chloride.  The  oil 
which  separated  was   then    distilled  over   with  steam,  the  distillate 
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extracted  with  ether,  the  extract  dried  over  calcium  chloride,  and  after 
driving  off    the   ether    the    residue    -was    fractionally   distilled.     The 
greater  part  came  over  between  200°  and  202°. 
The  halogens  were  determined  by  Carius'  method. 

0-302  gave  0-5168  mixed  silver  haloids.  AgBr  =  0-2948;  AgCl  =  0-222. 
Br  =  41 -52  per  cent.  )  „        ,  41-77  "1  p,  i,,    , 

Ci  =  18-18  per  cent.  \  ^''''''^  18-53  |  Calculated. 

Orthochlorobromobenzene  is  a  clear,  straw-coloured  liquid  having  a 
strong  aromatic  odour.  It  boils  constantly  at  204°  (mercury  column 
in  vapour,  pressure  765  mm.),  and  does  not  solidify  at  -  10°.  Its 
sp.  gr.  =  1-6555  at  12-5°,  and  {j.^  =  1-583  at  15°. 

For  purposes  of  comparison,  we  determined  the  sp.  gr.  and  refractive 
index  of  metachlorobromobenzene  and  found  its  sp.  gr.  =  1-6274  at 
14°,  and /.Id  =  1-578  at  15°. 

The  following  table  gives  some  of  the  constants  of  the  chlorine  and 
bromine  di-derivatives  of  benzene. 


Boiling  points. 

Sp.  gr. 

Ortho. 

Meta. 

Para. 

Ortho. 

Meta. 

Para. 

C.H.Br,  

223-8° 

204 

179 

219-4° 

196 

172 

219° 

196-3 

172 

1-977 

1-6555 

1-3254 

1-955 

1-6274 

1-307 

CgH^ClBr    

University  College, 
Bangor. 


XXIII. — Preparation  of  Dry  Hydrogen  Cyanide  and 
Carhon  Moiioxide. 

By  John  Wade,  B.Sc.  and  Laurence  C.  Panting,  M.B.,  B.Ch. 

It  is  obvious  that,  by  the  action  of  sulphuric  acid  on  potassium  cyanide, 
both  hydrogen  cyanide  and  carbon  monoxide  may  be  formed,  but  it 
does  not  seem  to  be  generally  known  that  by  suitably  varying  the 
concentration  of  the  acid,  a  practically  quantitative  yield  of  either 
product  can  be  obtained. 

The  alkali  cyanide  is  of  course  decomposed  by  sulphuric  acid  of  all 
concentrations,  and  on  distillation  with  the  dilute  acid  yields  dilute 
hydrocyanic  acid ;  with  a  less  dilute  acid,  howevei",  less  water  passes 
over,  and  with  a  mixture  of  equal  volumes  of  sulphuric  acid  and  water, 
the  hydrogen  cyanide   contains  only  such  small  quantities  of  aqueous 
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vapour  as  are  readily    removed    by    passing    it    over   warm  calcium 
chloride. 

When  a  larger  proportion  of  sulphuric  acid  is  used,  a  certain  amount 
of  carbon  monoxide  is  formed,  and  as  the  concentration  of  the  acid  is 
increased  the  volume  of  gas  increases,  whilst  the  amount  of  hydrogen 
cyanide  diminishes ;  and  finally,  when  ordinary  concentrated  sulphuric 
acid  is  allowed  to  act  on  the  cyanide,  nearly  pure  carbon  monoxide  is 
evolved  in  almost  theoretical  quantity. 

Preparation  of  Dry  Hydrogen  Cyanide. 

In  preparing  hydrogen  cyanide  free  from  water,  ordinary  98  per 
cent,  lump  cyanide  (100  grams),  in  pieces  of  the  size  of  a  hazel  nut,  is 
placed  in  a  capacious  flask,  provided  with  a  drop-funnel  and  delivery 
tube,  the  latter  being  connected  through  two  U -tubes  of  calcium  chloride 
with  a  series  of  two  Y-tubes  (U-tubes  furnished  with  tubuluses),  the 
stems  of  which  pass  through  the  necks  of  inverted  bell-jars  into  two 
receiving  bottles.  The  drying  tubes  are  immersed  in  a  vessel  of 
water  at  about  35°,  and  are  filled  respectively  with  pieces  of  fused 
calcium  chloride  and  fragments  of  the  well-dried  porous  material.  The 
condensing  tubes  are  cooled,  the  fii'st  with  ice  and  water,  and  enough 
salt  to  reduce  the  temperature  to  about  -  10°,  the  second  with  ice  and 
salt  at  about  -  20° ;  it  is  not  advisable  to  cool  the  first  tube  much 
below  the  temperature  specified,  or  the  tubulus  may  become  choked 
with  crystals  of  the  frozen  acid.  The  receiving  bottles  are  cooled 
with  ice,  and  closed  with  corks  through  which  the  tubuluses  pass. 
The  great  bulk  of  the  acid  collects  in  the  fij'st  receiver,  only  2  or  3 
per  cent,  passing  on  to  the  second,  and  practically  none  escapes 
condensation. 

A  current  of  air  having  been  blown  through  the  drying  and  con- 
densing tubes,  to  dry  the  latter,  and  the  cooling  and  warming  baths 
brought  to  the  requisite  temperatures,  a  cold  mixture  of  equal  volumes 
of  sulphuric  acid  and  water  (100  c.c.  of  each)  is  allowed  to  drop  on  to 
the  cyanide  at  such  a  rate  that  about  one  drop  of  hydrogen  cyanide 
falls  into  the  first  receiver  per  second.  As  each  drop  of  acid  reaches 
the  cyanide,  there  is  a  brisk  effervescence  and  frothing,  with  develop- 
ment of  heat,  the  mixture  becoming  sufficiently  hot  to  retain  the 
potassium  hydrogen  sulphate  in  solution.  At  the  end  of  the  action, 
the  vapour  in  the  flask  and  solution  is  expelled  by  heating  the  latter  to 
incipient  ebullition. 

In  this  way,  with  the  quantities  specified,  about  40  grams  (58  c.c.) 
of  practically  pure  hydrogen  cyanide  is  obtained,  which  on  rectification 
from  a  little  phosphorus  pentoxide  over  a  bath  of  warm  water,  passes 
over  entirely  between  26-2°  and  26-3°      The  average  yield  of  the  pure 
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substance  is  38"5  grams,  the  calculated  amount  being  40'8  grams ;  the 
maximum  yield  obtainable  from  100  grams  of  potassium  ferrocyanide 
is  15  3  grams. 

FrejKiration  of  Carbon  Monoxide. 

In  preparing  carbon  monoxide  from  potassium  cyanide,  the  same 
generating  apparatus  is  used,  cold  concentrated  sulphuric  acid  being 
substituted  for  the  diluted  acid.  The  gas  is  purified  from  accompany- 
ing hydrogen  cyanide  vapour,  and  in  certain  eventualities  from  carbon 
and  sulphur  dioxides,  by  washing  twice  with  strong  potash  solution  ; 
as  a  rule,  it  is  quite  free  from  carbon  dioxide,  but  commercial  lump 
cyanide  sometimes  contains  a  little  carbonate. 

If  the  acid  is  allowed  to  flow  too  fast  on  to  the  cyanide,  so  that  the 
temperature  becomes  unduly  high,  the  sulphuric  acid  is  reduced,  and 
sulphur  and  carbon  dioxides  are  formed ;  but  this  does  not  occur  if  the 
action  is  kept  within  moderate  bounds.  Even  with  a  slow  delivery  of 
the  acid,  the  evolution  of  the  gas  is  very  rapid,  and  several  litres  may 
be  prepared  in  a  few  minutes. 

The  yield  of  pure  carbon  monoxide,  completely  soluble  in  cuprous 
chloride  solution,  obtained  in  this  way  from  50  grams  of  cyanide,  varies 
from  14  to  16  litres,  the  calculated  quantity  at  15°  and  760  mm.  being 
17 "4  litres,  moreover,  the  process  is  quite  as  convenient  as  the  formic 
acid  process,  and  much  more  economical. 

The  action  of  concentrated  sulphuric  acid  on  anhydrous  hydrogen 
cyanide  is  similar.  The  mixture  soon  becomes  hot,  but  although  some 
of  the  cyanide  is  of  course  volatilised,  the  greater  part  enters  into  com- 
bination, and  on  applying  heat  abundance  of  carbon  monoxide  is 
evolved.  If  the  liquid  is  overheated,  or  even  in  the  cold,  if  sufficient 
time  is  allowed,  carbon  and  sulphur  dioxides  are  formed,  as  with  the 
alkali  cyanide. 

The  Mechanism  of  the  Carbon  Monoxide  Reaction. 

It  would  appear  at  first  sight  that  the  quantitative  conversion  of 
the  carbon  of  potassium  cyanide  into  carbon  monoxide  is  effected  by 
ordinary  hydrolysis  and  dehydration,  the  hydrogen  cyanide  being  con- 
verted into  formic  acid,  and  this  into  carbon  monoxide.  Whether 
hydrogen  cyanide  be  formonitrile,  H'C:N,  orwhat  may  be  termed 
carbamine,  II*N!C,  the  same  products  of  hydrolysis  will  be  formed  : 
from  the  nitrile  a  carboxylic  acid  (formic  acid)  and  ammonia,  and  from 
the  carbamine,  an  amine  (ammonia)  and  formic  acid.  Sufficient  water 
for  the  purpose  is  indeed  present  in  ordinary  concentrated  sulphuric 
acid,  assuming  the  complete  action  to  be  represented  by  some  such 
equation  as 

KCN  +  2H2SO4  +  HgO  =  KHSO4  +  NH^-HSO^  +  CO. 
VOL.   LXXIII.  S 
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But  the  change  is  equally  well  brought  about  by  a  mixture  of  two 
volumes  of  concentrated  sulphuric  acid  with  one  of  Nordhausen  acid, 
in  which  water  can  hardly  be  present,  and  it  is  therefore  probable  that 
part,  at  all  events,  of  the  latter  is  derived  from  the  acid  sulphate.  This 
point  would  scarcely  be  worth  attention,  were  it  not  that  potassium 
hydrogen  sulphate  itself  behaves  in  a  closely  parallel  manner. 

On  heating  an  intimate  mixture  of  the  dry  salt  with  dry  potassium 
cyanide  in  an  air  bath  at  230 — 250°,  anhydrous  hydi'ogen  cyanide 
distils  over,  and  may  be  collected  in  the  apparatus  described  above, 
the  yield  corresponding  with  about  55  per  cent,  of  the  total  cyanogen ; 
this,  of  course,  is  the  action  which  would  naturally  be  expected, 

KCN  +  KHSO,  =  K2SO4  +  HCN. 
But  a  large  amount  of  carbon  monoxide  is  also  evolved  at  all  stages  of 
the  action,  and  the  residue  left  in  the  flask  after  the  action  has  ceased 
smells  strongly  of  ammonia,  and  dissolves  in  water,  forming  a  strongly 
alkaline  solution.  As  this  carbon  monoxide  and  ammonia  are  formed 
by  the  interaction  of  anhydrous  substances,  the  hydrolytic  water  is 
necessarily  derived  from  the  potassium  hydrogen  sulphate,  in  accordance 
with  such  equations  as  the  following  : 

KCN  +  3KHSO4  =  KoSO,  +  K2S2O-  +  CO  +  NH3  ; 
2KCN  +  8KHSO4  =  SKgSO^  +  2K2S2O7  +  2C0  +  (NH  J2SO4. 

It  would  thus  appear  that  both  sulphviric  acid  and  potassium 
hydrogen  sulphate  can  behave  at  the  same  instant  and  under  the  same 
conditions  both  as  hydrolytic,  and  as  dehydrating  agents. 

Anhydrous  potassium  ferrocyanide,  it  may  be  mentioned,  interacts 
with  potassium  hydrogen  sulphate  in  a  similar  manner,  about  40  per 
cent,  of  the  cyanogen  being  converted  into  hydrogen  cyanide,  and 
about  10  per  cent,  into  cai'bon  monoxide  and  ammonia,  the  residual 
50  per  cent,  remaining  in  combination  as  potassium  ferrous  ferro- 
cyanide, as  in  the  ordinary  method  of  preparing  dilute  hydrocyanic 
acid.  With  excess  of  acid  sulphate  and  at  a  high  temperature,  carbon 
and  sulphur  dioxides  are  evolved  in  abundance,  as  with  the  simple 
cyanides. 

Chemical  Labouatory, 

Guy's  Hosvitai,,  S.E. 


XXIV. — Manganic  Salts. 

By  Charles  Emmanuel  Rice,  B.A. 

Several  salts  of  manganese  derived  from  the  oxide  MugO.j  have  been 
described,  but  they  are  all  unstable,  and  decomposed  by  contact  with 
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water,  hydrated  higher  oxides  of  manganese  being  precipitated ;  the  most 
stable  salt  seems  to  be  the  acetate,  Mn(CoH.^Oo)3  +  2H.,0,  obtained  by 
Christensen  (.7. |>5*.  Ghem.,  1883,  [ii],  28,  1).  The  salmon-coloured  meta- 
phosphate,  Mn(P03)3  +  H20,  has  been  obtained  by  Hermann  {Ann. 
Phys.  Chem.,  1848,  74,  303),  and  the  pyrophosphate,  MnHPgO;,  by 
Leffevre  {Comp.  rend,,  1890,  110,  405) ;  Carius  {Annalen,  1856,  98,  53) 
has  obtained  the  sulphate  Mn,(SO^)o.  The  potassium  and  ammonium 
alums  are  also  well  known,  but  they  are  decomposed  by  contact  with 
much  water  ;  a  black  double  oxalate,  K(5Mn2(C20o)g  +  6H20,  has  been 
obtained  by  Kehrmann  [Berichte,QD,  1594);  the  nitrate  appears  to  be 
unknown,  but  the  fluoride,  MnF3  +  3H20,  has  been  described  by 
Christensen  {J.  iyi\  Chem.,  1887,  35,  57)  together  with  double  salts  of 
the  type  2M'F,MnF3,  but  so  far,  no  other  haloid  compound  of 
manganese  in  which  the  metal  is  more  than  bivalent.  K'ickles  {Ann. 
Chim.  Phys.,  [iv],  5,  161)  claimed  to  have  produced  MnCl^,  but  there  is 
really  no  evidence  for  the  existence  of  such  a  compound. 

The  action  of  hydrochloric  acid  on  the  higher  oxides  of  manganese 
has  attracted  a  good  deal  of  attention  in  this  connection,  but  the 
higher  chloride  of  manganese  which  is  supposed  to  exist  in  the  dark- 
coloured  solution  has  not  so  far  been  isolated.     W.  W.  Fisher  (Trans,, 

1878,  33,  409)  on  diluting  the  liquid  with  water  and  weighing 
the  precipitated  peroxide,  found  that  for  each  atom  of  manganese 
precipitated,  two  atoms  of  available  chlorine  (chlorine  that  will  liberate 
iodine  from  potassium  iodide)  disappeared  from  the  solution  ;  from  this 
he  inferred  the  presence  of  a  compound,  MnCl^.     Pickering  (Trans., 

1879,  35,  1,  654)  showed  that  this  could  be  equally  well  accounted  for 
by  the  existence  of  a  compound,  Mn2Clg  ;  and  he  offered  further  evi- 
dence in  support  of  this  formula  by  showing  that  when  manganese 
dioxide  is  dissolved  in  presence  of  manganous  chloride,  the  amount  of 
dioxide  precipitated  on  diluting  with  water  increases,  the  increase  being 
in  a  greater  proportion  up  to  the  addition  of  one  molecule  of  MnClg. 
This  would  seem  to  show  that  the  chloride  combines  with  the  two 
atoms  of  chlorine  set  free  when  2Mn02  dissolves,  forming  a  second 
molecule  of  MngCl,,.  He  also  observed  that  MugOg  dissolves  in  cold 
hydrochloric  acid  without  effervescence  through  evolution  of  chlorine, 
whereas  a  marked  effervescence  always  accompanies  the  dissolution  of 
MnOg.  This  has  been  repeatedly  confirmed  by  me  with  acid  satu- 
rated at  — 15°,  and  it  would  appear  that  when  MnOg  is  acted  on  by 
hydrochloric  acid,  one  atom  of  chlorine  is  at  once  set  free  for  each  atom 
of  manganese  present,  and  another  subsequently  on  heating  the  liquid, 
due  to  decomposition  of  the  manganic  chloride  in  solution. 

Pickering's  experiments  made  it  very  probable  that  a  compound, 
Mn^Cl^  or  MnClg,  yielding  chlorine  and  MnOlo  by  dissociation,  exists 
in  the  dark-coloured  solution.     He  failed,  however,  to  show 

s  2 
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I.  That  the  reaction  is  reversible,  and,  therefore,  that  a  definite 
chlorinated  compound  really  is  formed  and  dissociated. 

II.  That  this  compound  can  be  obtained  in  the  solid  state. 

The  following  is  a  record  of  an  experimental  investigation  of  these 
problems. 

I.  Crystals  of  chlorine  hydrate  were  sealed  up  in  a  tube  with  some 
hydrochloric  acid  solution  of  manganous  chloride,  the  tube  being 
allowed  to  remain  at  the  ordinary  temperature.  No  apparent  change 
occurred  for  some  hours,  but  gradually,  in  the  course  of  a  few  days, 
the  manganous  chloride  solution  became  dark-coloui'ed  owing  to  the 
synthesis  of  MnClg,  the  depth  of  colour  eventually  reaching  a 
maximum.  Evidently  the  velocity  of  the  reaction  MnClj  +  CI  =  MnClg 
is  very  slow.  In  the  absence  of  acid,  a  deposit  of  higher  oxide  of 
manganese  is  formed.  The  same  changes  occur  if  a  cooled  solution  of 
manganous  chloride  be  saturated  with  chlorine  at  the  atmospheric 
pressure  and  left  for  some  days. 

II.  I  have  succeeded  in  obtaining  two  double  chlorides  containing 
the  manganic  chloride  fairly  pure  and  in  well-defined  crystals.  About 
50  grams  of  a  higher  oxide  of  manganese  (Mn^Og,  MngO^,  MnOg,  or  a 
mixture  of  any  of  these)  was  placed  in  a  flask  with  250  c.c.  of  cold  con- 
centrated hydrochloi'ic  acid,  and  the  flask,  placed  in  a  freezing  mixture 
of  ice  and  salt,  was  saturated  with  dry  hydrogen  chloride.  After  the 
mixture  had  been  left  to  stand  in  the  freezing  mixture  for  half-an- 
hour  to  allow  particles  of  undissolved  oxide  to  settle,  the  fairly  clear 
upper  half  was  decanted,  and  a  few  c.c.  of  a  slightly  warmed 
saturated  acidified  solution  of  ammonium  chloi'ide  was  added  to  it 
drop  by  drop.  The  liquid  was  then  replaced  in  the  freezing  mixture, 
resaturated  with  hydrogen  chloride,  and,  after  the  lapse  of  about  half 
an  hour,  filtered  through  a  cooled  Gooch  crucible.  The  mass  of  small, 
dark,  lustrous  crystals  left  on  the  filter  was  washed  with  a  few 
drops  of  cold  saturated  hydrochloric  acid,  drained  on  a  porous  plate, 
and  left  in  a  desiccator  over  soda-lime  for  some  days  under  reduced 
pressure. 

The  crystals  are  perfectly  transparent  under  the  microscope,  trans- 
mitting a  ruby-coloured  light.  They  have  a  slightly  pungent  odour, 
and  may  be  raised  to  a  temperature  of  100°  without  perceptible 
change ;  above  that  temperature,  however,  they  evolve  chlorine  and 
water,  and,  if  heated  in  a  current  of  air,  leave  a  white  residue  of  man- 
ganous chloride  and  ammonium  chloride.  They  dissolve  in  hydro- 
chloric acid,  yielding  a  liquid  resembling  that  from  which  they  were 
obtained.  "Water  at  once  decomposes  them,  about  half  the  total 
manganese  separating  as  hydrated  higher  oxide,  and  half  remaining 
in  solution  as  manganous  chloride.  Analysis  gave  results  whicl^ 
correspond  with  the  formula  MnCl3,2NH^Cl-|-Il20. 
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Mn. 

CI. 

NHj. 

HjO  (by  diftereuce) 

Calculated  .... 

.      19-1 

61-9 

12-6 

6-3 

Found  

.      19-1 

62-1 

12-2 

6-6 

CI. 

K. 

H.,0. 

CI  (loose). 

54-0 

23-8 

55 

10-8 

53-7 

23-6 

5-9 

10-7 

The  ratio  of  Mn  to  CI  atoms  is  1  : 5  ;  from  the  formula  one  would 
expect  one  of  these  atoms,  or  12 "4  per  cent,  of  chlorine,  to  be  "loose," 
or  available  for  oxidising  purposes.  It  was  found,  on  treatment  with 
potassium  iodide,  that  12'6  per  cent,  available  chlorine  was  present  in 
the  crystals. 

The  potassium  salt,  MnCl3,2KCl  +  H.,0,  was  obtained  in  the  same 
way,  and  all  its  properties  were  found  to  be  very  similar.  The  water 
was  determined  directly  in  this  salt,  whereas  in  the  ammonium  com- 
pound it  was  estimated  by  difference.  The  analytical  results,  the 
average  of  three  separate  analyses,  are  as  follows. 

Mu. 
Calculated...  16-7 
Found  16-8 

Several  attempts  have  been  made  to  isolate  the  manganic  chloride 
itself,  but  so  far  without  success.  When  heated  in  a  current  of  gaseous 
hydrochloride  or  chlorine,  the  double  salts  decompose,  yielding  water 
and  chlorine,  and  leaving  a  residue  of  manganous  chloride  and  alkali 
chloride.  With  cold  sulphuric  acid,  they  evolve  hydrogen  chloride 
and  chlorine,  manganous  sulphate  being  deposited ;  on  mixing  them 
with  phosphoric  anhydride,  a  manganic  phosphate  resembling  per- 
manganic acid  in  colour  is  produced. 

The  above  salts  are  apparently  isomorphous  with  the  corresponding 
compounds  of  ferric  chloride,  FeCl3,2NH4Cl -f  H.p  and  FeCl3,2KCl-i- 
HgO,  which  form  monoclinic  crystals  with  triangular  faces,  resembling 
those  of  octahedra  ;  they  help,  therefore,  to  draw  closer  the  relationship 
between  iron  and  manganese.  From  the  position  of  manganese  in  the 
series,  whether  it  be  placed  with  the  iron  group  or  with  the  halogens, 
we  should  hardly  expect  it  to  form  quadrivalent  compounds  of  the 
type  MnCl^. 

The  dark,  chlorine-generating  solution  is  a  solution  of  manganic 
chloride,  MnClg,  and  there  is  no  evidence  for  the  existence  of  any 
other  compound,  besides  the  dioxide,  in  which  the  manganese  is  in  the 
quadrivalent  state. 

The  author  wishes  to  express  his  indebtedness  to  Professor  Tilden, 
under  whose  superintendence  these  experiments  have  been  carried  out. 

Royal  College  of  Science, 
London. 
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XXV. — Chemical  Properties  of  Concentrated  Solutions 
of  certain  Salts.  Part  I.  Double  Potassium  Car- 
bonates. 

By  William  Colebrook  Reynolds,  A.R.C.S. 

In  the  course  of  some  experiments  on  the  preparation  of  potassium 
percarbonate  recently  discovered  by  Messrs.  Constam  and  Von  Haussen 
{Zeit.fur  Elekirochem.,  1897,  p.  455,  and  Moniieur  Sc,  August,  1897), 
I  noticed  that  copper  sulphate  would  dissolve  in  the  concentrated 
solution  of  potassium  carbonate  employed,  yielding  a  deep  blue  liquid  ; 
as  nothing  appeared  to  be  known  about  the  compound  thus  formed, 
attempts  were  made  to  isolate  it.*  It  was  soon  found  that  the  salts  of 
several  other  metals  will  also  dissolve  in  this  solution  to  a  greater  or 
less  extent,  and  that  from  such  solutions  crystalline  compounds  could 
in  most  cases  be  obtained  which  on  analysis  proved  to  be  double 
carbonates. 

Most  of  the  information  we  possess  about  the  double  carbonates  we 
owe  to  Deville  {An7i.  Chim.  Phys.,  [iii],  33),  who  found  that  by 
digesting  metallic  nitrates  with  a  saturated  solution  of  potassium 
hydrogen  carbonate  at  the  ordinary  temperature,  compounds  of  the 
type  MKH(C03)2  were  formed,  where  M  is  cobalt,  nickel,  or  magnesium, 
and  that  if  the  solutions  are  heated  for  some  hours  they  passed  into 
MK2(C03)o;  he  also  obtained  the  sodium  double  salts  of  the  latter 
type  with  cobalt,  nickel,  copper,  and  magnesium. 

As  the  result  of  a  large  number  of  experiments,  I  find  that  the  best 
general  method  of  preparing  the  compounds  is  the  following.  To  the 
concentrated  solution  of  potassium  carbonate  (sp.  gr.  about  1  '55)  the 
finely  powdei'ed  acetate  is  added  and  the  solution  set  aside  ;  the  crystals 
which  form  are  then  separated  from  the  mother  liquor  by  draining  on  a 
disc  of  toughened  filter  paper  placed  on  a  Buchner  filter  plate,  employing 
a  water  pump  to  diminish  the  pressure  beneath.  The  crystals  are  washed 
with  a  mixture  consisting  of  two  volumes  of  alcohol  and  one  of 
glycerol  (which  floats  on  the  salt  solution  and  does  not  mix  with  it) 
until  all  the  mother  liquor  is  displaced,  when  the  washing  is  completed 
with  alcohol  only  until  all  the  glycerol  is  removed. 

The  crystals  can  be  dried  in  a  vacuum  at  the  ordinary  temperature 
over  sulphuric  acid. 

The  acetates  are  most  convenient  as,  owing  to  the  solubility  of 
potassium  acetate,  the  deposition  of  crystals  of  other  potassium  salts 

*  The  solutious  of  copper  potassium  carbonate  introduced  by  Soldaini  {Oazzetta, 
1876,  6,  322)  and  afterwards  modified  by  Ost  (Bcr.,  1890,  23,  1035  and  3003)  for 
use  in  sugar  analysis  contain  potassium  hydrogen  carbonate. 
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can  be  avoided.  The  freshly  precipitated  carbonates  and  hydrated 
basic  carbonates  have  been  used  in  several  cases,  but  their  employ- 
ment is  attended  with  some  diflficulty. 

These  compounds  are  decomposed  by  water  alone,  more  or  less  rapidly, 
and  alcohol  alone  causes  the  deposition  of  potassium  carbonate  upon 
the  surface  of  the  crystals  of  the  new  salt ;  hence  the  necessity  for  the 
use  of  the  mixture  already  referred  to.  In  one  case,  however,  namely, 
that  of  the  ferric  salt,  this  mixture  was  found  to  decompose  the  compound 
and  petroleum  was  substituted  for  it,  as,  notwithstanding  its  lower 
density  and  immiscibility  with  aqueous  liquids,  it  served  to  displace  the 
mother  liquid. 

Copper  Potassium  Carbonate. — This  is  very  soluble  in  the  strong 
solution,  and  a  considerable  quantity  of  copper  acetate  has  to  be 
added  to  get  any  crystals.  The  salt  crystallises  in  three  ways,  namely, 
in  the  anhydrous  form,  with  IHgO  and  with  4HoO  ;  the  three  forms  can 
be  obtained  from  the  same  solution,  provided  the  right  proportions  are 
employed.  Thus,  a  solution  made  by  adding  to  70  c.c.  of  potassium 
carbonate  solution  of  sp.  gr.  1"35,  13  grams  of  finely  powdered  copper 
acetate,  at  65°,  filtering  and  cooling,  deposited,  after  48  hours,  (a) 
dark,  blue  six-sided  plates  of  the  anhydrous  salt,  (h)  light  blue,  silky, 
clustered  needles  of  the  salt  with  IHgO,  and  (c)  large  greenish-blue, 
square  tables  of  the  salt  with  4H2O.  The  last  could  be  picked  out  by 
hand  and  freed  from  the  liquid  by  means  of  filter  paper.  The  com- 
pounds (a)  and  (5)  appear  to  be  deposited  indifferently  from  solutions 
of  the  same  strength  and  temperatui'e,  and  I  have  not  been  able  to 
find  the  conditions  under  which  the  individual  compound  could  be 
obtained  with  certainty. 

To  prepare  («)  or  (h),  the  solution  of  potassium  carbonate  (sp.  gr.  1  -SB) 
is  added  to  the  finely  powdered  copper  acetate  in  a  mortar,  and  after 
being  triturated  a  few  seconds  to  break  up  any  lumps,  when  practically 
all  dissolves,  it  is  filtered  rapidly  through  glass  wool  and  set  aside. 
A  mixture  of  36  grams  of  the  acetate  and  100  c.c.  of  the  solution  begins 
to  crystallise  in  2  or  3  minutes,  and  after  about  10  minutes  those 
crystals  which  have  been  formed  should  be  separated  and  the  remainder 
in  two  or  three  fractionSj  to  prevent  the  solution  becoming  clogged. 
Thirty  grams  and  100  c.c.  and  separation  in  two  instalments ;  or 
17  grams  and  100  c.c.  all  at  once,  are  convenient  quantities.  The 
proportion  of  12  gi-ams  to  100  c.c.  generally  requires  some  hours 
before  crystals  appear. 

Analysis  of  the  anhydrous  compound  (a  dark  blue,  crystalline 
powder). 

CO2.  CuO. 

Found   32-92         31-54 

Calculated  for  C\xK^{Q0.^.2 33-67         30-31 


K20. 

H2O. 

35-39 

0-06 

36-02 

nil. 
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Analysis  of  the  light  blue,  silky  needles. 

COj.        CuO.        E.fi.    HjO(bydiff.). 

Found 30-77     29-93     32-70     6-60 

Calculated  for  CuK2(C03)2  +  H..O...  31 -45     28-41     3370     644 

(Specimens   (a)    and  (b)    probably    were  contaminated    with  a  little 
hydrated  copper  carbonate.) 

Analysis  of  the  greeriish-blue  tables. 

CO2.        CuO.        KjO.    H,0(bydifF.). 

Found 26-24     23-14     28-84       21-78 

Calculated  for  CuK2(C03)2  +  4H20     26-39     23-78     28-26       21-57 

The  copper  solution  decomposes  slowly  when  heated  to  65%  and 
rather  quickly  at  85',  cupric  oxide  being  precipitated  ;  if,  however,  a 
large  quantity  of  the  acetate  is  added,  no  black  precipitate  forms  even 
at  100'-',  but  a  green  powder  of  the  composition  Cu2(OH).,C03. 

Cobalt  Potassium  Carbonate. — A  cobalt  salt  dissolves  in  the  warm 
solution  of  potassium  carbonate  and  small  six  sided  rose-coloured 
crystals  soon  separate  on  cooling. 

COj.        CoO.        K,0.  H,,0. 

Found 26-30     22-78     28-70       22-10 

Calculated  for  CoK2(C03)2  +  4H20     26-72     22-78     28-64       21-86 

Kickd  Potassium  Carbonate. — A  nickel  salt  dissolves  as  above,  but  in 
much  smaller  quantity,  and  pale  green  crystals  soon  form  on  cooling. 

CO.,.        NiO.        K,0.  HjO. 

Found 26-68     22-64     28-82       21-86 

Calculated  for  XiK2(C03)2-l-4H20     26-72     2278     2864       21-86 

Magnesium  Potassium  Carbonate. — The  magnesium  compound  is 
obtained  in  like  manner,  by  adding  magnesium  acetate  to  the  solution, 
crystals  appear  in  a  fesv  minutes. 

COj.       MgO.       KjO.   H2O  (by  diff.). 

Found 29-74     1415     3202       2409 

Calculated  for  MgK2(C03)2  +  4H2O     29-86     1372     3200       2442 

The  last  three  are  identical  with  the  compounds  obtained  by  Devillc 
by  prolonged  heating  with  a  saturated  solution  of  potassium  hydro- 
gen carbonate. 

Manganese  Potassium  Carbonate. — The  last  three  salts  are  best  pre- 
pared from  warm  solutions,  but  this  one  must  be  prepared  at  the 
ordinary  temperature,  otherwise  much  oxidation  occurs.  The  acetate 
was  powdered  in  a  mortar,  and  the  solution  added  and  stirred  for  a 
few  seconds ;  the  crystals  separate  out  very  quickly,  as  the  salt  is 
scarcely  soluble  in  the  solution. 
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CX),.       MnO.         K3O.  HoO. 

Found ^e-Se     21-80     29-20       22-U 

Calculate  for  MnK.,(C03)2  +  4H20     27-03     21-82     29-03       22-12 

Ferrous  Foiassiiim  Carbonate. — In  order  to  prevent  oxidation, tliis  salt 
must  be  prepared  by  a  slight  modification  of  the  process.  The  follow- 
ing answered  very  well.  A  bottle  containing  about  live-sLsths  of  its 
volume  of  the  solution  was  filled  up  with  a  saturated  solution  of 
ferrous  chloride  and  stoppered ;  on  mixing  the  two  liquids  by  shaking, 
a  white  precipitate  of  FeCOj,  is  at  first  formed,  bat  this  soon  dissolves 
yielding  a  greenish  solution,  from  which  the  compound  FeKo(C03'>^  + 
4IL0  crystallises  out  in  neai-ly  white  scales  after  about  10  minutes. 
The  salt  can  be  separated  and  purified  in  the  manner  already  described. 

CO..        FeO.        K.O.  HoO  (by  diff.). 

Found 26-80     21-93     28-60       22-67 

Calculated  for  FeK.,(C03)2  +  4H20     26-99     22-06     2889       2206 

Calcium  Potassium  Carbonate. — Thiscan  be  easily  prepared  by  pouring 
the  solution  on  to  the  finely  powdered  acetate  in  a  mortar  and  tritu- 
rating for  some  time.  The  ci-ystals  are  anhydrous,  CuKo^COj)^,  and 
are  quite  different  in  form  from  the  last  five  compounds,  which  con- 
tain water. 

CO.^.        CuO.  KoO. 

Found   36-55     22-40       38-'94 

Calculated  for  CuK.,(C03). 3700     2350       39  50 

(The  salt  probably  retained  about  2  per  cent,  moisture.) 

Silver  Potassium  Carbonate. — This  can  be  prepared  by  adding 
powdered  silver  nitrate  to  the  solution,  but  I  found  it  better  to  add 
the  saturated  solution  of  the  nitrate  to  a  large  excess  of  the  potassium 
carbonate  solution,  as  in  the  former  case  particles  of  the  nitrate  which 
have  become  coated  over  with  the  compoiind  are  liable  to  be  mixed 
with  it.  The  yellow  precipitate  at  first  formed  soon  changes  into  the 
white  double  salt,  AgKCO..  If  exposed  to  light  during  the  washing, 
superficial  reduction  takes  place,  due  to  the  glycerol. 

COj.      AgjO.         KoO. 

Found    20-58     54-50       23*90 

Calculated  for  AgKCOs -1-3     5601       2276 

This  salt  has  been  already  obtained  by  De  Schulten  (Compt.  rend., 
1887,  105,  811). 

Bismuth  Potassium  Carbonate. — When  powdered  bismuth  nitrate  is 
added  to  the  solution,  some  effervescence  occui-s,  but  a  considerable 
quantity  slowly  but  completely  dissolves ;  the  crystalline  compound  that 
separates  after   a   short    time   Ls    mixed  with  crystals  of  potassium 
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nitrate  and  hydrogen  carbonate  from  which  it  cannot  be  separated. 
It  was  found  better,  therefore,  to  employ  the  subnitrate.  The  crystals, 
which  are  microscopic,  when  prepared  at  the  ordinary  temperature  are 
of  an  entirely  different  form  from  those  obtained  by  adding  the  powder 
to  the  solution  warmed  to  about  75° ;  they  have,  however,  the  same 
composition.  The  commercial  subnitrate  contains  a  small  quantity  of 
a  constituent  which  is  not  acted  on  by  the  solution.  Most  of  this 
impurity  can  be  got  rid  of  by  pouring  the  solution,  after  the  addition 
of  the  subnitrate,  into  a  tall  cylinder  and  decanting  from  the  impurity 
which  settles  down  more  quickly  than  the  fine  crystals.  A  purer  pro- 
duct can  be  obtained  by  preparing  the  subniti'ate  from  the  nitrate 
asing  a  small  quantity  of  water,  draining  with  the  aid  of  the  filter 
pump,  and  adding  the  precipitated  salt  to  the  concentrated  solution 
heated  to  about  70^.     The  crystals  separate  almost  immediately. 

Bi^Oa.        KoO.        CO2.     H.^0  (by  cliff.). 

Found     55-00     21-86     20-26         2-88 

Calculated  for  31201^(003)4 +  H2O  54-90     22  24     20-73         2-13 

The  following  list  contains  all  the  salts  I  have  been  able  to  isolate 
in  well-defined  crystalline  form. 


y  Not  previously  known. 


CuK2(C03)2 

CuK,(C03).,  +  H.,0  

CviKl{(J0S^  +  m.fi 

MnK2(<^*63),-f4H„0  

FeK2(C03)2  +  4H.,0 

CaK2(C03)2    " 

Bi20K,(C03)4  +  H,0    

CoK,(C03)2-f-4H.,0 ^ 

NiK;(CO„)2  +  4H;0 \  Obtained  by  Deville  by 

MgK,{c6.^,  +  m,0 J    heating  the  bicarbonate. 

AgK(C03)    Obtained  by  De  Schulten. 

In  addition  to  these,  I  have  obtained  compounds  containing  lead,  zinc, 
iron  (ferric)  chromium,  mercury,  and  cadmium,  but  not  cry.stalline  or 
of  definite  composition. 

It  is  noticeable  that  the  chemical  behaviour  of  potassium  carbonate 
in  the  form  of  a  concentrated  solution  is  quite  different  from  that  of 
the  same  salt  in  a  dilute  solution.  In  the  latter  case,  normal  or  basic 
carbonates  are  formed,  whereas,  in  the  former,  double  salts  are  pro- 
duced which  may  be  soluble  in  the  liquid. 

The  solutions  and  the  compounds  in  the  solid  state  are  decomposed 
when  diluted  or  brought  into  contact  with  water  ;  in  this  respect,  they 
are  similar  to  the  double  sulphates,  which  are  all  decomposed  by  water. 
In  the  case  of  such  compounds  as  CaNa2(S04)2  and  CaK2(S04)2,  this  is 
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evident,  since  calcium  sulphate  is  precipitated,  but  in  the  case  of  the 
soluble  salts,  although  not  so  obvious,  the  fact  of  decomposition  has 
been  proved  by  Raoult  {Compt.  rend.,  1884,  99,  914),  and  also  from 
thermochemical  data. 

It  is  noticeable  that  the  ratio  of  K  to  CO3  is  unity  in  all  the  above 
compounds,  and  this  is  also  the  case  with  the  double  sulphates  K  :  SO^, 
and  double  oxalates  K  :  (CO^)^,  and  it  is  possible  to  write  the  constitu- 
tion of  these  three  classes  of  double  salts  thus. 

Potass,  mangan.  Potass.  maDgan.  Potass,  mangan. 

carbonate.  sulphate.  oxalate. 

A  concentrated  solution  of  potassium  succinate  behaves  very  like 
that  of  potassium  carbonate  ;  although  the  succinates  of  the  metals, 
except  the  alkalis,  are  almost  insoluble,  yet  on  adding  their  salts  to  a 
concentrated  solution  of  potassium  succinate  many  of  them  dissolve, 
and  crystalline  double  compounds  are  obtainable.  I  propose  to  give 
an  account  of  these  in  a  future  communication. 

The  above  investigation  was  carried  out  under  the  supervision  of 
Professor  Tilden,  to  whom  I  am  much  indebted  for  his  advice  and 
encouragement. 

Royal  College  of  Science, 
London. 


XXVI. — Tlie  Colouring  Matters  of  the  Indian  Dye  Stuff 
Ashairf,  Delphinium  zalil. 

By  Arthur  George  Perkin,  F.R.S.E.,  and  Julius  Aldred  Pilgrim. 

AsBARG  consists  of  the  dried  flowers  and  flowering  stems  of  Delphinium 
zalil,  a  perennial,  herbaceous  plant  belonging  to  the  Rcmunculacece,  which 
is  found  in  great  quantity  in  Afghanistan.  Dr.  Aitchison  says  of  it 
(Watts'  Dictionary  of  the  Economic  Products  of  India,  1890,  3, 
p.  70) :  "  This  plant  forms  a  great  portion  of  the  rolling  downs  of  the 
Badghis  ;  in  the  vicinity  of  Guli^an  it  was  in  great  abundance  and 
when  in  blossom  gave  a  wondrous  golden  hue  to  the  pastures  ;  in 
many  localities  in  KJhorassan  of  about  2000  feet  altitude,  it  is  equally 
common." 

The  dried  fragments  and  flowering  stems  are  taken  to  Multan  and 
other  Punjab  towns,  from  which  they  are  conveyed  all  over  India.  It 
is  much  used  in  silk  dyeing  for  the  production  of  a  sulphur-yellow 
colour  known  as  "  gandhaki,"  and  together  with  Datisca  cannabina  to 
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obtain  a  similar  shade  on  alum  mordanted  silk ;  it  is  also  used  in 
calico  printing.  The  flowers,  which  are  bitter,  are  likewise  employed 
medicinally  as  a  febrifuge. 

No  examination  of  the  colouring  matter  of  this  dye  stuff  appears  to 
have  been  previously  made,  although  an  account  of  its  tinctorial  pro- 
perties has  been  communicated  to  the  Society  of  Chemical  Industry 
{J.  Soc.  CL  Ind.,  1895,  14,  458)  by  J.  J.  Hummel  and  one  of  us. 
Our  thanks  are  due  to  the  authorities  of  the  Imperial  Institute,  who, 
on  the  application  of  Professor  Hummel,  were  good  enough  to  procure 
a  considerable  quantity  of  this  material  for  our  investigation. 

Experimental  Part. 

At  the  commencement  of  this  investigation,  the  flowers  and  flowering 
stems  of  the  plant  were  examined  together,  but  the  latter,  being  prac- 
tically devoid  of  dyeing  property,  were  subsequently  discarded,  an 
economy  of  labour  being  thus  effected.  Various  methods  suggested 
themselves  for  the  isolation  of  the  colouring  matter,  which  exists  here 
entirely  as  a  glucoside,  and  ultimately  the  following  was  adopted. 

The  dye  stuff  was  extracted  with  ten  times  its  weight  of  boiling 
water,  the  mixture  strained  through  calico,  and  the  filtrate,  after 
treatment  with  a  little  sulphuric  acid,  was  again  boiled  for  15  minutes. 
The  decomposition  of  the  glucosides  is  very  i^eadily  effected,  and  the 
action  should  not  be  prolonged,  otherwise  a  tarry  product  is  formed, 
which  is  a  great  hindrance  in  the  later  processes.  On  cooling,  a 
brownish -yellow  powder  separated,  which  was  collected,  drained  upon  a 
porous  tile,  and  when  dry  digested  with  boiling  alcohol  which  dissolved 
the  colouring  matter,  leaving  a  considerable  residue  of  calcium  sul- 
phate. The  dark  coloured  solution,  after  being  evaporated  to  a  small 
bulk,  was  poured  into  a  large  volume  of  ether,  the  mixture  washed 
with  water  until  the  washings  were  colourless,  and  then  agitated  with 
dilute  alkali  to  free  the  substance  from  a  wax  which  alone  remained 
in  the  ether  after  this  treatment.  On  acidifying  the  alkaline  liquid,  it 
deposited  yellow  flocks  of  the  colouring  matter  still  contaminated  with 
some  impurity  of  an  acid  nature ;  to  remove  this,  excess  of  sodium 
hydrogen  carbonate  was  added  to  the  mixture,  and  the  product  ex- 
tracted with  ether ;  this  now  dissolved  nothing  but  the  colouring 
matter,  and  the  latter,  on  evaporation,  was  left  of  a  pure  yellow  colour. 

Sparingly  soluble  Colouring  Matter. 

It  was  evident  on  examination  that  the  product  thus  obtained  con- 
tained two  colouring  matters  at  least,  one  of  which  was  distinguished 
by  its  sparing  solubility  in  alcohol.  After  being  isolated  by  this 
means  it  was  converted  into  its  acetyl  derivative,  which  was  recrystal- 
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Used,  and  then  decomposed  in  the  usual  manner,  the  regenerated 
colouring  matter  being  finally  crystallised  from  acetic  acid. 

0-1164  gave  0-2598  OO2  and  0-0400  H2O.     C  =  60-86  ;  H  =  3-81. 
CjgHjgOy  requires  C  =  60-76  ;  H  =  3-79  per  cent. 

It  formed  a  glistening  mass  of  yellow  needles,  resembling  rhamnetin 
in  appearance,  very  sparingly  soluble  in  boiling  alcohol  or  acetic  acid. 
With  lead  acetate  in  alcoholic  solution,  an  orange-red  precipitate  was 
formed,  whilst  ferric  chloride  gave  a  greenish-black  coloration.  With 
the  haloid  acids,  in  the  presence  of  acetic  acid,  no  compounds  of  the 
acids  were  produced ;  sulphuric  acid  also  reacted  with  difficulty,  and 
owing  to  the  small  yield  and  the  instability  of  the  product  thus  ob- 
tained, it  was  not  further  examined. 

Fusion  with  Alkali. — The  colouring  matter  was  digested  with  very 
concentrated  potassium  hydroxide  solution  at  200 — 220°  for  1  hour, 
and  the  brown  melt  dissolved  in  water ;  the  green  solution  was 
then  neutralised  with  acid,  extracted  with  ether,  and  the  extract 
evaporated.  The  residue,  after  being  dissolved  in  water,  was  treated 
with  lead  acetate,  and  the  yellowish-white  precipitate  thus  produced 
was  collected,  washed,  and  decomposed  with  dilute  sulphuric  acid. 
From  the  clear  liquid,  ether  extracted  a  crystalline  acid,  soluble  in  dilute 
alkali  to  form  a  green  liquid  which  became  brown  on  exposure  to  air. 
The  acid  was  now  dissolved  in  water,  and  the  solution  saturated  with 
salt,  causing  the  separation  of  a  trace  of  a  viscous  product  which  was 
removed  by  filtration.  The  filtrate  was  extracted  with  ether,  and  the 
residue  obtained  on  evaporation  purified  by  crystallisation  from  water. 
With  dilute  alkali,  this  product  now  yielded  a  colourless  solution,  and 
examination  showed  that  the  green  coloration  previously  obtained  in 
this  manner  was  due  to  the  impurity  removed  by  the  salt  treatment. 

0-1135  gave  0-2275  CO2  and  0-0400  H2O.     0  =  54-66;  H  =  3-91. 
O^HgO^  requires  C  =  54-54  ;  H  =  3-90  per  cent. 

It  crystallised  in  colourless  needles  melting  at  194 — 196°,  gave  a  green 
coloration  with  aqueous  ferric  chloride,  and  evidently  consisted  of 
p'otocatechuic  acid. 

The  filtrate  from  the  lead  precipitate  was  treated  with  sulphuric 
acid,  filtered  from  lead  sulphate,  neutralised  with  sodium  hydrogen 
carbonate,  and  extracted  with  ether.  The  crystalline  residue  left  on 
evaporation,  when  purified,  melted  at  210°,  and  was  found  to  be 
phloroglucinol. 

The  substance  which  gave  the  green  coloration  when  the  melt  was 
dissolved  in  water  could  not  be  isolated  in  a  pure  condition,  the 
quantity  present  being  very  small.  In  a  second  experiment,  em- 
ploying a  new  preparation  of  the  colouring  matter,  this  substance  was 
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not  detected,  and  it  was  thought  that  the  green  coloration  had  been  due  to 
an  impurity.  It  appeared  subsequently,  however,  that  the  condition 
necessary  for  its  production  was  the  use  at  the  first  of  a  comparatively 
dilute  caustic  alkali  solution,  preferably  four  parts  of  alkali  in  one  of 
water.  It  is  evident,  therefore,  that  the  reaction  is  characteristic  of 
this  colouring  matter. 

Action  of  Hydriodic  Acid. — The  similarity  of  this  substance  to 
rhamnetin,  especially  in  its  behaviour  towards  mineral  acids,  sug- 
gested that  it  contained  a  methoxy-group.  Examination  by  Zeisel's 
method  proved  this  to  be  the  case. 

0-1750  gave  0-1310  Agl.     CH3  =  4-77. 

Cj5HgO^(OCH3)  requires  CH3  =  4-74  per  cent. 

To  the  hydriodic  acid  residue,  after  dilution  with  water,  sodium 
hydrogen  sulphite  solution  was  added,  and  the  yellow,  flocculent  pro- 
duct collected  and  crystallised  from  dilute  alcohol. 

0-1021  gave  0-2242  CO,  and  0-0345  H2O.     C  =  59-88  ;  H  =  3-75. 
Cj^HjoO^  requires  C  =  59-60;  H  =  3-31  per  cent. 

The  product  from  a  second  experiment  was  acetylised,  and  the 
colourless  substance,  which  melted  at  189 — 191°,  was  analysed. 

0-1165  gave  0-2494  CO^  and  00462  HgO.     0  =  58-38;  H  =  4-40. 
C^r^P^{<^^fi)r^  requires  0  =  58-59;  H  =  3-90  per  cent. 

The  above  results,  and  the  fact  that  the  methyl  ether  when  fused 
with  alkali  gives  phloroglucinol  and  protocatechuic  acid,  indicated 
that  this  substance,  O^H^qO-,  was  quercetin.  An  examination  of  its 
general  properties  corroborated  this  view.  It  is  thus  evident  that 
the  sparingly  soluble  colouring  matter  of  Delphinium  zalil  is  a  quer- 
cetin monomethyl  ether. 

Acetyl  Compound. — To  confirm  the  above  results,  and  to  determine 
if  this  colouring  matter  was  ideatical  with  either  of  the  two  known 
methyl  ethers  of  quercetin  (rhamnetin  and  iso-rhamnetin),  it  was 
acetylised  in  the  usual  manner,  and  the  product  crystallised  from 
alcohol. 

0-1213  gave  0-2650  CO2 and  00445  H^O.     0  =  59-57;  H  =  4-07. 
Oi,,HgO-(O.^H30)4  requires  0  =  5950  ;  H  =  4-13  per  cent. 

A  determination  of  the  methoxy-group  gave  the  following  result. 

0-2076  gave  00880  Agl.     CH3  =  2-70. 

Theory  requires  CH3=  3-09  per  cent. 

Liebermann's  method  was  employed  for  the  estimation  of  the  acetyl 
groups. 
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1-0740  gave  0-7047  Cj^H^.O-.     Found  65-61. 
The  theory  for  four  acetyl  groups  requires  C^Q}i^J^>j  =  Q5'29  per  cent. 

It  formed  a  glistening  mass  of  colourless,  hair-like  needles,  melting 
at  195 — 196°,  identical  in  appearance  and  general  properties  with 
acetyliso-rhamnetin.  The  sparingly  soluble  colouring  matter  of  the 
Delphinium  zalil  is,  therefore,  iso-rhamnetin,  a  substance  but  recently 
isolated  for  the  first  time  (Trans.,  1896,  69,  1650)  from  the  petals  of 
the  yellow  wallflower  (Cheiranthus  Cheiri).  The  difficulty  of  obtaining 
a  sufficient  supply  of  raw  material  did  not  allow  at  that  time  of  the 
determination  of  the  position  of  the  methoxyl  group  in  this  colouring 
matter.     Experiments  were,  therefore,  now  instituted  with  this  object. 

MetJiylation  of  Iso-o'hamnetin. — As  in  the  case  of  rhamnazin  (quercetin 
dimethyl  ether)  (Trans.,  1897,  818),  this  reaction  was  studied,  for  should 
the  methoxy-group  be  present  in  the  ortho-position  relatively  to  the 
carbonyl  group,  a  quercetin  pentamethyl  ether  might  be  produced, 
and  not  the  tetramethyl  compound,  which  is  always  formed  when 
quercetin  itself  is  so  treated. 

Iso-rhamnetin  (1  mol.)  dissolved  in  a  solution  of  potassium  hydroxide 
(4  mols.)  in  methylic  alcohol  was  digested  with  excess  of  methylic 
iodide  for  24  hours.  After  removal  of  the  unattacked  iodide  and 
excess  of  alcohol,  the  residue  was  dissolved  in  ether,  and  the  solution 
washed  with  dilute  alkali  and  evaporated  ;  the  product,  after  crys- 
tallisation from  acetone,  formed  pale  yellow  needles  melting  at 
154—156°. 

0-1170  gave  0-2745  CO,  and  0-0543|H2O.     0  =  63-98;  H  =  5-15. 
Ci5Hg03(OCH3)4  requires  C  =  63-69  ;  H  =  5-03  per  cent. 

It  was  found  to  consist  of  quercetin  tetramethyl  ether. 

Oxidation  of  Iso-rhamnetin. — The  previous  experiment  having  given 
a  negative  result,  it  was  necessary  to  determine  if  the  methoxyl  group 
was  present  in  the  catechol  nucleus.  For  this  purpose,  air  was  aspi- 
rated thi-ough  a  dilute  alkaline  solution  of  the  colouring  matter  until 
this,  which  was  at  first  yellow,  had  become  brown,  and  on  treatment 
with  acids  no  longer  yielded  a  precipitate  ;  the  liquid  was  then  neu- 
tralised with  acid,  treated  with  excess  of  sodium  hydrogen  carbonate, 
extracted  with  ether  (A),  and  again  acidified  and  extracted  with  ether 
(B).  The  latter  extract,  on  evaporation,  deposited  crystals  which 
were  purified  by  recrystallisation  from  water  until  colourless ;  a 
lustrous  mass  of  needles  was  thus  obtained,  which  dissolved  sparingly 
in  cold  water,  gave  no  reaction  with  ferric  chloride,  and  melted  at 
206 — 207°.  This  substance  was  vanillic  acid,  and  the  locality  of  the 
methoxy-group  in  iso-rhamnetin  is  thus  evident.  On  evaporating 
extract  (A),  a  residue  was  left  having  the  reactions  of  phloroglucinol. 
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Employing  the  constitution  assigned  to  quercetin  by  Herzig,  that  of 
iso-rhamnetin  may  be  expressed  as  follows. 


OH 


OH 


0 


CO' 


OCH3 
NoH 


OH 


Consequently  rhamnazin  (loc.  cit.),  a  quercetin  dimethyl  ether,  is 
closely  related  to  iso-rhamnetin  and  to  rhamnetin,  it  being  a  mono- 
methyl  ether  of  both  these  colouring  matters. 


OH 


O 


\     /' 


OCH, 


OCH3 

NoH 


OH 


OH 
^OH 


OCH, 


OH 


OH 


CO- 


Rhamnazin. 


Rhamnetin. 


Dyeing  Properties. — A  comparison  was  made  of  the  tinctorial  pro- 
perties of  iso-rhamnetin  and  quercetin,  woollen  cloth  mordanted  with 
aluminium,  tin,  chromium,  and  iron  being  employed  for  this  purpose. 
The  shades  obtained  were  as  follows. 


Iso-rhamnetin 
Quercetin     . . . 


Aluminium. 


Lemon  yellow. 

Brown  orange, 

inclining  to 

yellow. 


Tin. 


Chromium. 


Orange  yellow. 
Bright  orange. 


Orange  brown. 
Red  brown. 


Iron. 


Pale  brown  olive. 
Green  black. 


These  results  are  interesting,  as  they  indicate  the  effect  of  neutral- 
ising the  two  ortho-hydroxyls  of  quercetin  by  the  conversion  of  one 
of  them  into  a  methoxy-group.  As  previously  discussed  (Trans.,  1897, 
71,  818),  the  presence  of  these  hydroxyls  in  quercetin  enhances  its 
tinctorial  value,  although  iso-rhamnetin  is  again  an  in.stance  that  such 
a  property  is  not  essential  to  the  dyes  of  this  group.  The  shades 
produced  are  weaker  than  those  given  by  quercetin,  but  considerably 
stronger  than  those  given  by  rhamnazin,  which  is  a  very  feeble  dye  ; 
they  somewhat  closely  resemble,  e.specially  in  the  yellow  tint  with 
aluminium  mordant,  that  yielded  by  chrysin  and  apigenin  in  a 
similar  way.  Unlike  these  latter,  however,  it  is  capable  of  dyeing 
with  a  tin  mordant.  It  is  interesting  to  note  that  little  evidence  is 
now  required  for  a  complete  study  of  the  shade  effect  caused  by  the 
various  hydroxyls  existing  in  quercetin. 
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Readily  soluble  Colouring  Matter. 

The  alcoholic  mother  liquors  obtained  during  the  isolation  and 
purification  of  the  above  colouring  matter  were  evaporated  to  half 
their  bulk,  and  the  small  quantity  of  impure  iso-rhamnetin  which 
separated  on  long  standing  removed  by  filtration,  and  the  filtrate 
treated  with  boiling  water.  On  cooling,  a  yellow,  crystalline  product 
was  deposited,  which  was  collected  and  a  portion  acetylated,  in  the 
hope  that  this  would  lead  to  its  identification.  The  colourless  needles 
thus  obtained  had,  however,  no  definite  melting  point,  indicating  a 
mixture,  for  they  softened  below  100°,  and  did  not  fuse  completely 
until  about  160°.  It  has  been  recently  shown  in  a  communication  to 
the  Society  (Proc,  1898,  56),  that  various  yellow  colouring  matters  in 
alcoholic  solution  decompose  potassium  acetate  with  the  production  of 
insoluble  salts,  although  this  behaviour  is  not  common  to  all  of  them. 
Fractional  crystallisation  having  failed  to  effect  a  separation  of  these 
colouring  matters,  recourse  was  had  to  this  reaction,  in  the  hope  that 
one  only  would  form  an  insoluble  product.  A  hot  concentrated 
alcoholic  solution  of  the  substance  was,  therefore,  boiled  with  a  small 
quantity  of  potassium  acetate  for  a  few  minutes,  and  the  crystals  which 
gradually  sepai-ated  were  collected,  washed  with  alcohol,  and  decom- 
posed with  acid.  The  regenerated  colouring  matter  was  further 
purified  by  suspending  it  in  acetic  acid  and  adding  sulphuric  acid, 
and  the  deposited  acid  compound  was  then  collected,  washed  with 
acetic  acid,  and  decomposed  in  the  usual  manner. 

0-1200  gave  0-2620  CO2  and  00410  HgO.     0  =  5954  ;  H  =  3-79. 
O^jH^qO-  requires  0  =  59-60  ;  11  =  3-31  per  cent. 

It  formed  glistening  needles,  an  alcoholic  solution  of  which  gave  an 
orange-red  precipitate  with  lead  acetate,  and  with  ferric  chloride  a 
dark  green  coloration.  The  acetyl  compound  was  obtained  as  colour- 
less needles  melting  at  189 — 191°. 

0-1182  gave  0-2518  00^  and  0-0425  HgO.     0  =  58-09;  H  =  3-99. 
Q^^np^X^^ILp)^  requires  0  =  58-59  ;  H  =  3-90  per  cent. 

As  fusion  with  alkali  yielded  j^rotocatechuic  acid  and  fhloroglucinol , 
this  colouring  was  evidently  quercetin. 

To  obtain,  if  possible,  some  clue  as  to  the  natui-e  of  the  substance 
previously  associated  with  the  quercetin  and  which  did  not  react  with 
potassium  acetate,  the  filtrate  from  the  potassium  quercetin  was  first 
saturated  with  the  acetate,  any  deposited  salt  thus  produced  being 
removed  by  filtration  ;  the  filtrate  was  then  acidified,  treated  with 
boiling  water,  and  the  crystals  which  separated  collected,  washed,  and 
dried.  Experiments  with  this  product  gave  results  which  indicated  that 
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it  was  not  homogeneous,  but  as  the  quantity  available  was  very  small 
no  further  attempts  at  purification  could  be  carried  out  with  advan- 
tage. On  analysis,  it  yielded  numbers  C  =  59'8,  H  =  3"90,  somewhat 
similar  to  those  required  for  quercetin,  C  =  59'60,  H  =  3"31.  Its  acetyl 
derivative,  which  formed  colourless  needles,  behaved  peculiarly  when 
heated,  for  it  fused  entirely  at  118 — 120°,  then  gradually  solidified, 
and  melted  again  at  179 — 180°.  A  portion  which  had  melted  at  the 
lower  temperature  and  again  solidified,  after  recrystallisation,  behaved 
in  an  identical  manner.  Analysis  gave  C  =  58'54,  H  =  4'24.  Acetyl- 
quercetin  requires  C  =  58*59,  H  =  3'90  per  cent.  On  fusion  with  alkali, 
it  yielded  phloroglucinol  and  jjrotocatechuic  acid. 

These  results  indicate  a  close  similarity  between  this  colouring 
matter  and  quercetin,  and  it  would  appear  that  it  was  merely  the 
latter  in  an  impure  condition.  Should  this  be  the  case,  it  is  diflScult 
to  understand  that  so  small  an  amount  of  impurity  could  account  for 
its  not  giving  an  insoluble  potassium  salt  when  treated  with  potassium 
acetate,  and  also  for  the  melting  point  of  its  acetyl  derivative.  Further 
study  of  this  substance  must  be  discontinued  for  the  present,  owing  to 
the  exhaustion  of  our  supply  of  material. 

The  Dyeing  Properties  of  Asharg. 

In  the  previous  communication  on  this  subject  {loc.  cit.),  it  was 
shown  that  a  close  resemblance  exists  in  this  respect  between  asbarg 
and  quercitron  bark,  although  the  former  yields,  with  aluminium 
mordant,  a  purer  or  less  orange  yellow.  It  is,  however,  a  much  weaker 
dye  stuff,  having  but  35  per  cent,  the  dyeing  power  of  quercitron  bark. 
As  the  above  experiments  were  carried  out  with  the  material  in  the 
condition  received  from  the  Imperial  Institute,  further  trials  were 
in.stituted  with  a  sample  from  which  the  worthless  flowering  stalks  had 
been  removed.  The  shades  obtained  with  this  product  on  wool 
mordanted  in  the  usual  manner  are  given  below  ;  they  still  indicated  a 
lack  of  dyeing  power  as  compared  with  quercitron  bark. 


Asbarg  Golden  yellow. 

Quercitron  bark     Brown  yellow. 


Aluminium. 


Chromium. 


Brownish  orange. 
Deep  brown  orange. 


Iron. 


Brown  olive. 
Olive  black. 


Tin. 


Bright  orange. 


Percentage  of  Colouring  Matter.- — An  examination  of  asbarg,  minus 
the  flowering  stalks,  showed  that  it  contained  3'47  per  cent,  of  colour- 
ing matter  (not  as  glucoside).  The  estimation  was  carried  out  by  a 
method  we  have  lately  devised  for  this  purpose,  and  which  we  are 
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applying  to  the  estimation  of  colouring  matter  in  dye  stuffs  of  the 
querciti-on  class.  The  details  of  the  method  are  not  given  here,  for  we 
hope  to  make  a  communication  on  this  subject  at  a  later  date. 

An  examination  of  the  blue  flowers  of  Delphinium  consolida  has 
shown  that  these  contain,  curiously  enough,  some  quantity  of  yellow 
colouring  matter ;  this,  however,  is  not  identical  with  that  present  in 
Delphinium  zalil.  The  study  of  this  product,  which  is  at  present 
delayed  owing  to  lack  of  raw  material,  will  be  shortly  continued. 

Clothworkers'  Research  Laboratory, 
Dyeing  Department, 

Yorkshire  College. 


XXVII. — Researches  on  the  Terpenes.    II.   On  the  Oxida- 
tion of  Fenchene. 

By  John  Addyman  Gardner,  M.A.,  and  George  Bertram 

COCKBURN,    B.A. 

Fenchene,  which  was  first  prepared  and  studied  by  Wallach  I^Annalen, 
1891,  263, 130),  is  related  to  fenchone  in  the  same  way  that  camphene  is 
to  camphor.  The  derivatives  of  the  fenchone  and  the  camphor  series 
show  many  points  of  analogy  (ibid.,  269,  p.  326,  p.  347 ;  ibid.,  275, 
p.  157;  ibid.,  276,  p.  315),  and,  at  the  same  time,  camphor  is  evidently 
closely  related  to  turpentine  hydrochloride  (Armstrong,  Trans., 
1896,  69,  p.  1397).  The  present  investigation  was  undertaken 
with  the  hope  of  deciding  more  definitely  the  relationship  between 
these  various  compounds,  and  with  this  object  we  propose  to  study  the 
oxidation  of  fenchone,  fenchene,  and  turpentine  hydrochloride  by  nitric 
acid,  under  conditions  somewhat  analogous  to  those  employed  by  Marsh 
and  Gardner  in  the  oxidation  of  camphene  (Trans.,  1896,  69,  p.  74). 
In  the  present  papei%  we  give  some  account  of  the  oxidation  products 
of  fenchene,  and  of  turpentine  hydrochloride,  from  the  former  of  which 
we  have  obtained,  as  a  main  product,  camphopyric  acid,  and  from  the 
latter,  camphoric  and  camphopyric  acids.  We  mainly  followed 
Wallach's  methods  in  preparing  fenchene  from  fenchone,  but  our 
experiences  differ  in  several  points  from  his,  and  we  have  introduced 
several  modifications  which  we  think  it  of  interest  to  place  on  record. 

Fenchone. — This  was  obtained  by  rectifying  a  fraction  of  fennel  oil 
boiling  at  170 — 230°,  distilled  for  us  by  Schimmel  and  Co.,  and  con- 
taining 40—50  per  cent,  of  fenchone.  The  fraction  boiling  at 
190 — 195°  obtained  from  this  sample  by  careful  fractional  distillation, 
and  consisting  mainly  of  fenchone,  was  purified  by  boiling  with  strong 
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nitric  acid  (sp.  gr.  1  •42)  as  Wallach  directs.  The  product  thus  obtained, 
after  being  dried  and  distilled,  was  finally  purified  by  freezing.  It 
boiled  constantly  at  191 — 192°,  melted  at  6°,  and  had  a  specific  rotatory 
power  [a]D=  +61°  58'  (not  in  solution). 

This  method  of  purification,  although  it  yields  very  pure  fenchone, 
is  somewhat  wasteful,  as  the  fenchone  is  attacked  slowly  by  the  strong 
nitric  acid. 

Fenchyl  Alcohol. — Wallach  prepared  the  alcohol  by  the  reduction  of 
a  solution  of  fenchone  in  absolute  alcohol,  by  means  of  metallic  sodium 
[lac.  cit.,  p.  143),  but  although  we  carefully  followed  his  instructions,  we 
did  not  get  very  satisfactory  results,  the  reduction  being  slower  and  less 
complete  than  his  account  led  us  to  expect.  By  using  amylic  alcohol 
instead  of  ethylic  alcohol,  the  reduction  took  place  much  more  com- 
pletely, and  we  were  able  to  operate  easily  on  comparatively  large 
quantities  of  material. 

Two  hundred  grams  of  fenchone,  dissolved  in  1200  grams  of  amylic 
alcohol,  was  heated  on  the  water  bath,  and  120  grams  of  sodium 
gradually  added,  a  layer  of  sand  having  been  placed  at  the  bottom  of 
the  flask  to  prevent  the  melted  sodium  cracking  the  glass.  When  all 
the  sodium  had  dissolved,  which  took  from  four  to  five  hours,  about 
1|  volumes  of  water  were  added,  and  the  supernatant  layer  of  fenchyl 
and  amylic  alcohols  was  separated  and  distilled  until  the  thermometer 
rose  to  140° ;  the  residue  was  then  distilled  in  a  current  of  steam,  and 
the  oil  which  came  over  dried  with  fused  potassium  carbonate  and 
fractionated.  The  fi-actions  boiling  at  197 — 200°,  which  solidified  in 
the  condenser,  consisted  of  pure  fenchyl  alcohol.  It  forms  hard,  white 
crystals,  which  melt  at  45°  and  have  a  specific  rotatory  power 
[a]D=  -  13-37°  (in  alcohol). 

Fenchyl  Chloride. — Wallach  (?oc.  cit.,^.  148)  prepared  this  compound 
by  the  action  of  phosphorus  pentachloride  on  fenchyl  alcohol  in 
petroleum  or  chloroform  solution,  removing  the  chlorides  of  phos- 
phorus, (fee,  by  distillation  under  diminished  pressure  on  the  water 
bath,  distilling  the  residue  with  steam,  and  finally  fractionating  under 
diminished  pressure.  We  found  it  advantageous  to  remove  the  oxy- 
chloride  of  phosphorus  by  mixing  the  product  with  a  large  quantity  of 
ice,  and  allowing  it  to  stand,  instead  of  distilling  under  diminished 
pressure,  &c.  The  oil  was  then  separated,  dried,  and  distilled  under  a 
pressure  of  20  mm.,  when  the  bulk  of  the  liquid,  consisting  of  fenchyl 
chloride,  passed  over  at  85 — 90°.     The  yield  was  83 — 84  per  cent. 

Fenchene. — Fenchene  was  prepared  from  the  chloride  by  Wallach's 
method,  namely,  heating  with  aniline.  The  fenchene  obtained,  after 
careful  fractionation,  distilled  mostly  at  150—152°,  with  very  small 
fractions  152— 154°,  154— 156°,  156— 158°,  1158-160°.  The  fraction 
150 — 152°,  on  analysis,  gave  the  following  figures. 
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0-216  gave  0-6961  CO.,  and  0-2316  H2O.    Found  C  =  87-89  ;  H  =  11-9. 
Fenchene  requires  C  =  88-21  ;  H  =  11-76  per  cent. 

A  fraction  boiling  at  150 — 154°  had  a  specific  gravity  0-8667  at 
18°,  and  a  specific  rotatory  power  [0]^=    -6-46°  (not  in  solution). 

Fhenylfenchylamine. — After  the  fenchene  obtained  by  the  action  of 
aniline  on  the  chloride  had  been  distilled  over  with  steam,  a  thick 
black  oil  was  left  in  the  distilling  flask* ;  as  it  did  not  solidify,  it  Avas 
submitted  to  careful  fractional  distillation  under  a  pressure  of  13  mm., 
when  the  following  fractions  were  obtained:  below  169°,  169 — 171°, 
171—173°,  173—175°,  and  175—180°,  of  which  171—173°  was  by  far 
the  largest ;  the  latter,  on  analysis,  gave  the  following  numbers. 

0-2054  gave  0-6305  CO2  and  0-1919  H.O.     0  =  8371  ;  H  =  10-38. 
0-3033     „     16-4  c.c.  nitrogen  at  20°  and  760  mm.     N  =  6-18. 
0-2920     „     16-5  c.c.         „  23°    „    767  mm.     N  =  6-42. 

CioHi^-NH-C^Hg  requires  C  =  83-84  ;  H=  10-04  ;  N  =  6-12  percent. 

This  substance  was  a  pale  yellow,  very  viscous  oil,  which  turned 
black  on  exposure  to  the  air,  but  remained  clear  and  transparent  in  a 
vacuous  tube,  and  did  not  solidify  when  kept  for  many  months,  or  by 
long  standing  in  a  freezing  mixture  of  ice  and  salt.  It  seems  to  be 
isomeric  with  Wallach's  substance. 

Action  of  Acetic  Chloride  on  this  Oil. — Fhenylfenchylamine,  when  mixed 
with  an  excess  of  acetic  chloride,  became  hot ;  the  mixture  was 
heated  for  some  time  at  100°,  the  excess  of  acetic  chloride  distilled 
off,  and  the  product  distilled  under  a  pressure  of  24  mm.,  when  most  of 
it  passed  over  at  190 — 193°.  This  acetyl  derivative,  CjQH^^'NPhAc, 
was  a  very  viscovis,  yellow  oil,  which  did  not  solidify  on  long  standing, 
or  in  a  freezing  mixture  of  ice  and  salt.  It  turned  dark  brown  on 
exposure  to  air,  but  remained  unchanged  in  a  vacuous  tube.  It  gave 
the  following  numbers  on  analysis. 

0-1974  gave  0-5777  CO^  and  0-1657  H^O.     C  =  79-80 ;  H  =  9-32. 
C18H25NO  requires  C  =  79-7  ;  H  =  9-22  per  cent. 

Oxidation  of  Fenchene. 

When  fenchene,  in  portions  of  20  grams,  was  heated  on  the  water 
bath  in  a  long-necked  flask  with  100  c.c.  of  water,  and  100  c.c.  of  concen- 
trated nitric  acid  added,  a  fairly  vigorous  reaction  took  place  ;  after  the 
action  had  considerably  abated,  200  c.c.  more  nitric  acid  was  added  in 
quantities  of  50  c.c.  at  a  time  whenever  the  action  became  very  slow. 
After  heating  for  3  days  on  the  water  bath,  the  fenchene  had  entirely 

*  In  Wallach's  experiments,  this  oil  partially  solidified,  and  the  solid  after 
repeated  crystallisation  from  alcohol,  melted  at  94°.  Analysis  showed  this  to  be 
fenchylphenylamine  {loc.  cit.,  p.  150). 
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disappeared.  The  contents  of  the  flask  were  then  thoroughly  distilled 
in  a  current  of  steam  ;  the  distillate  contained  a  small  quantity  of  an 
oil  which  solidified  on  standing,  but  which  we  have  not  yet  obtained  in 
sufficient  quantity  for  investigation,  and  there  were  some  acids  in  solu- 
tion. The  acid  liquid  was  first  neutralised  with  sodium  carbonate, 
then  made  acid  again  by  oxalic  acid  and  distilled ;  acetic  acid  was 
recognised  in  the  distillate  by  means  of  its  silver  salt. 

The  non- volatile  residue  left  on  distilling  the  oxidation  product  in 
steam  was  evapoi'ated  to  a  small  bulk  and  left  for  a  few  days,  when  the 
yellow  liquid  deposited  crystals  ;  after  the  adhering  oil  had  been  re- 
moved by  washing  with  chloroform,  the  crystals,  which  are  insoluble 
in  it,  were  purified  by  several  recrystallisations  from  strong  nitric 
acid  and  from  water  j  they  melted  at  207°,  and  proved  to  be  cis- 
camphopyric  acid. 

0-2102  gave  0-4465  CO^  and  0-1460  H^O.     C  -  57-93  j  H=7-71. 
CgHj^O^  requires  C  =  58-06  ;  H  =  7-52  per  cent. 

The  oil  remaining  after  the  crystals  of  camphopyric  acid  had  been 
separated  was  distilled  under  diminished  pressure ;  a  considerable 
amount  of  charring  took  place,  and  an  oil  and  a  solid  substance  distilled 
over.  The  former  was  an  acid,  but  the  latter  neuti-al,  so  that  they 
were  easily  separated  by  treatment  with  sodium  carbonate  solution  ; 
the  solid  was  recrystallised  from  alcohol,  and  gave  the  characteristic 
crystals  of  c^s-camphopyric  anhydride  melting  at  1 78°. 

On  combustion,  it  gave  the  following  figures. 

0-2234  gave  0-5252  CO2  and  0-1437  H2O.     C  =  64-12  ;  H  =  7-14. 
C9H12O3  requires  C  =  64-28  ;  H  =  7-14  per  cent. 

The  yield  of  camphopyric  acid  obtained  in  this  way  was  just  over 
20  per  cent. 

We  have  not  as  yet  been  able  to  purify  the  acid  oil  which  distilled 
over,  but  after  neuti-alising  with  ammonia  it  gave  a  white,  insoluble 
lead  salt  with  lead  acetate ;  tliis  lead  salt  contained  60-7  per  cent,  of 
lead. 

Oxidation  of  Turpentine  Hydrochloride. 

Turpentine  hydrochloride,  when  oxidised  on  the  water  bath  with 
nitric  acid  diluted  with  half  its  volume  of  water,  was  very  slowly 
attacked  ;  tlie  greater  portion  slowly  dissolved,  leaving  a  heavy  oil  at 
the  bottom  of  the  flask,  which  was  separated  and  oxidised  by  furtlier 
treatment  with  nitric  acid.  On  distilling  the  oxidised  liquid  in  steam, 
acetic  acid  passed  over,  which  was  recognised  by  an  analysis  of  its 
silver  salt,  whilst  in  the  retort  there  remained,  besides  nitric  acid, 
camphoric,  camphopyric  or  camphoic  and  other  acids. 
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The  presence  of  camphoric  acid  was  to  be  expected,  as  Armstrong 
some  years  ago  obtained  small  quantities  of  this  acid  by  oxidising 
turpentine  hydrochloride  with  dilute  nitric  acid  (1880  edition  of 
Miller's  Chemistry,  also  Trans.,  1896,  69,  p.  1398).  In  order  to  isolate 
the  camphoric  and  camphoic  or  camphopyric  acids,  and  as  far  as  possible 
determine  the  quantities  present,  the  above-mentioned  residue  was 
evaporated  to  dryness  to  get  rid  of  nitric  acid,  taken  up  with  ether, 
and  extracted  with  sodium  carbonate  solution.  The  mixture  of  sodium 
salts  thus  obtained  after  being  reconverted  into  the  acids,  was  neutralised 
with  caustic  soda  and  precipitated  with  lead  nitrate ;  the  insoluble 
precipitate  was  then  decomposed  by  sulphuric  acid  and  extracted  with 
ether.  This  solution,  on  long  standing,  gradually  deposited  a  quantity 
of  solid  matter,  which  was  crystallised  from  strong  nitric  acid,  washed 
with  chloroform,  and  again  recrystallised  from  water.  It  melted  at 
199 — 200°,  It  was  camphoric  acid,  and  on  combustion  gave  the 
following  numbers. 

0-2106  gave  0-4591  CO,  and  0-1603  H2O.     0  =  59-46;  H=:8-46. 
^10-^16^4  i"ec[uires  0  =  60.     H  =  8  per  cent. 

The  acid,  on  treatment  with  acetyl  chloride,  was  converted  into  the 
anhydride,  which,  after  recrystallisation  from  alcohol  and  sublimation, 
melted  at  217°.     On  analysis,  it  gave  the  following  figures. 

0-1994  gave  0-4804  CO2  and  0-1421  H2O.     0  =  65-7  ;  H  =  7-9. 
Oj^Hj^Og  requires  0  =  65-92  ;  H  =  7*7  per  cent. 

This  camphoric  anhydride  was  then  reconverted  into  the  acid  by 
dissolving  it  in  caustic  soda,  and  reprecipitating  by  hydrochloric  acid. 
After  crystallisation  from  water,  it  melted  at  202 — 203°. 

0-2011  gave  0-4414  00,  and  0-1487  H2O.     0  =  59-86  ;  H  =  8-21. 
O^pHjgO^  requires  0  =  60  j  H  =  8  per  cent. 

The  yield  of  camphoric  acid  from  300  grams  of  turpentine  hydro- 
chloride was  18  grams. 

The  oily  mother  liquors  remaining  after  the  separation  of  the  deposit 
of  camphoric  acid,  together  with  some  oily  matter  obtained  from  the 
filtrate  and  wash  waters  from  the  lead  salts,  were  submitted  to  distilla- 
tion under  a  pressure  of  20  mm.  A  considerable  amount  of  charring  took 
place,  and  a  liquid  passed  over  between  120°  and  180°.  The  higher 
fraction  of  this  (180 — 200°)  for  the  most  part  solidified ;  this  solid 
was  purified  by  sublimation  on  an  oil  bath  at  170°,  and  after  recrystalli- 
sation from  alcohol  melted  at  177 — 178°.  These  crystals  had  the 
characteristic  form  of  cts-camphopyric  anhydride.  On  combustion,  the 
following  results  were  obtained. 
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0-2140  gave  0-5024  CO^  and  0-1418  H.O.     C  =  64-02  ;  H  =  7-36. 
0-1989     „     0-4696  CO2    „    0-1305  H.O.     0  =  64-39;   H  =  7-29. 
C^HjgO^  requires  C  =  64-28  ;  H  =  7-1  per  cent. 

The  yield  of  camphopyric  anhydride  was  9  grams  from  300  grams  of 
turpentine  hydrochloride. 

It  is  probable,  in  the  light  of  the  work  of  Gilles  and  Renwick  on 
the  oxidation  of  ketopinic  acid  (Proc.  Chem.  Soc,  1897,  pp.  64,  182) 
that  this  camphopyric  acid  was  produced  by  the  decomposition  of 
camphoic  acid,  although  we  were  unable  to  separate  any  camphoic 
acid  from  the  crystalline  part  of  the  oxidation  product. 

We  have  as  yet  been  unsuccessful  in  our  attempts  at  purifying  the 
accompanying  oils. 

The  oxidation  of  fenchone  under  similar  conditions  takes  place  very 
much  more  slowly,  and  the  products  of  this  oxidation  are  at  present 
under  investigation. 

Chemical  Laboratory, 

St.  George's  Hospital,   S.W. 


XXVIII. — Formation   of  Ethylic    Dihydroxydinicotinate 
from  Ethylic  Cyanacetate. 

By  SiEaFRiED  RuHEMANN,  Ph.D.,  M.A.,  and  K.  C.  Browning,  B.A. 

The  experiments  described  in  this  paper  have  been  undertaken  with 
the  view  of  investigating  more  closely  the  action  of  chloroform  on 
ethylic  malonate  in  presence  of  sodium  ethoxide,  as  the  yield  of  the 
sodium  derivative  of  ethylic  dicarboxyglutaconate  thus  obtained  was 
found  to  be  far  from  satisfactory,  and  in  fact  never  I'eached  that 
stated  by  Conrad  and  Guthzeit  {Annalen,  1884,  222,  249),  although 
this  compound  had  been  frequently  prepared  by  one  of  us  and  his 
pupils.  The  mother  liquor  of  this  substance  which  had  accumulated 
in  the  course  of  their  researches  served  as  material  for  this  study. 

The  red-brown  alcoholic  filtrate  from  ethylic  sodiodicarboxyglutaconate 
which,  after  concentration,  did  not  yield  any  further  crop  of  this 
substance,  even  when  left  for  several  weeks,  deposited  an  oil  when 
diluted  with  water ;  this  was  separated  by  the  use  of  ether,  and 
distilled  under  diminished  pressure.  Although  the  examination  of  this 
oil  is  not  yet  complete,  it  has  been  ascertained  that  it  consists  to  a  large 
extent  of  ethylic  malonate.  Excess  of  hydrochloric  acid  was  added  to 
the  aqueous  layer  left  after  treatment  with  ether,  and  the  solution 
again  repeatedly  shaken  with  ether ;  on  distilling  off  the  ether,  a  red 
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oil  was   left  which  did  not  deposit  any  solid  on  standing.       When 

heated  under  diminished  pressvire,  only  a  small  quantity  of  a  colourless 

liquid  distilled  at  about  150°,  but  at  160°  a  reaction  took  place  which 

resulted  in  the  contents  of  the  flask  becoming  a  semi-solid  mass  of 

crystals ;    these   were   freed   from   the  mother  liquor  by  washing  with 

dilute  alcohol.     The  dark  coloured   product   thus  obtained  contained 

inorganic  matter  and  was  only  sparingly  soluble  in  water  or  alcohol, 

but    dissolved    in    cold   concentrated    hydrochloric    acid.     On   adding 

water  to  this  solution,  an  almost  colourless,  crystalline  product  was 

obtained  which  readily  dissolved  in  alcohol,  and  crystallised  from  it  in 

transparent  needles  melting  at  202°  to  a  red   liquid.     The  compound, 

on  examination,  was  found  to  contain  nitrogen  and  to  be  the  ethylic 

salt  of  dihydroxydinicotinic  acid, 

CH 

^\ 
COOOsHs-C       C-COOCjHj 

HO-C       C-OH 

\/ 

N 

0-2040  gave  0-3855  CO^  and  OlOOOHgO.  0  =  51-53;  H  =  5-44. 
0-2400  „  0-4510  OO2  „  0-1130  HoO.  0  =  51-25;  H  =  5-23. 
0-2285  „  0-4318CO2  „  0-1045  HgO.  0  =  51-54 ;  H  =  5-08. 
0-3084  „  14-8  c.c.  nitrogen  at  19°  and  769  mm.  ;  N  =  5-58. 
OiiH^gNOg  requires  0  =  51-76;  H  =  5-10;  N  =  5-49  per  cent. 

The  compound  is  identical  with  that  obtained  by  Guthzeit  {Ber., 
1893,  26,  2795)  from  ethylic  ethoxy-a-pyronedicarboxylate  and  with 
the  substance  formed  by  heating  ethylic  dicarboxyglutaconate  with 
formamide  (Ruhemann  and  Sedgwick,  Ber.,  1895,  28,  825).  Guthzeit 
gives  the  melting  point  of  this  ethereal  salt  as  199°,  whilst  we  found 
it  to  be  202°  (as  compared  with  201°  stated  before,  loc.  cit.). 

The  formation  of  this  pyridine  derivative  by  the  interaction  of 
chloroform  and  ethylic  disodiomalonate  could  only  be  explained  by 
assuming  that  the  ethylic  malonate  contained  ethylic  cyanacetate.  Its 
presence  might  easily  be  accounted  for  by  the  circumstance  that,  in  the 
preparation  of  ethylic  malonate  from  chloracetic  acid  and  potassium 
cyanide,  and  the  subsequent  action  of  alcohol  and  hydrogen  chloride,  a 
small  quantity  of  the  first  formed  ethylic  cyanacetate  remained 
unaltered. 

With  the  view  of  verifying  this  explanation,  we  undertook  the 
study  of  the  action  of  chloroform  on  ethylic  cyanacetate  in  the 
presence  of  sodium  ethoxide.  It  was  to  be  expected  that  this  reaction 
would  take  place  according  to  the  equation  20N'  0Na2'  OOOO0H5  4- 
OHClg  =  COOC.2H5-C(ON):CH-CNa(ON)'00002H5  +  3NaCl,and  lead 
to  the  formation  of  the  sodium  compound  of  ethylic  dicyanoglutaconate  , 
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which  in  turn  might  be  transformed  into  ethylic  dihydroxydinicotinate. 
These  reactions  actually  take  place. 

"We  had  completed  this  enquiry  when  we  noticed  Errera's  paper 
{Gazzetta,  1897,  27,  ii,  393),  which  deals  with  the  formation  of  ethylic 
dicyanoglutaconate  and  some  of  its  derivatives. 


Ethylic  Dicyanoglutaconate. 

The  sodium  derivative  of  this  ethylic  salt  is  prepared  by  a  method 
similar  to  that  used  for  ethylic  dicarboxyglutaconate.  To  a  solution  of 
9'2  grams  of  sodium  in  150  grams  of  alcohol,  22'6  grams  of  ethylic 
cyanacetate  and  then  12  grams  of  chloroform  are  added  ;  on  heating 
the  mixture  on  the  water  bath,  the  white  precipitate  of  ethylic  sodio- 
eyanacetate,  first  formed,  becomes  yellow,  and  after  an  hour's  digestion 
the  liquid  is  no  longer  alkaline  to  litmus.  As  the  alcoholic  solution 
can  only  with  diificulty  be  freed  by  filtration  from  the  gelatinous  solid, 
the  alcohol  is  distilled  off,  and  water  added  to  the  residue,  when  the 
sodium  derivative  of  ethylic  dicyanoglutaconate  remains  undissolved. 
It  is  filtered  from  the  dark  coloured  mother  liquor,  washed  with  water 
in  which,  in  the  cold,  it  is  not  very  soluble,  and  twice  recrystallised 
from  boiling  water  ;  the  long,  yellow  needles  thus  obtained,  which, 
when  dried  in  the  air,  contain  2H2O  (as  was  aLso  found  by  Errera, 
loc.  cit.),  have  the  formula 

COOCgHj-  C(CN):CH-  CNa(CN)-  COOC2H5  +  2H2O. 

0-2460  (air  dried)  lost  00300  at  100°.    H20  =  12-19. 

OijIliiNaNgO^  +  2H2O  requires  H20  =  12-24  per  cent. 

0-2405  (dried  at  100°)  gave  0-0652  NagSO^.    Na  =  8-78. 
0-2143  „  „  „     20-8  c.c.nitrogenatl9°and753mm.N  =  11-05. 

Cj^HjjNaNgO^  requires  Na  =  8-91  ;  N  =  10-85  per  cent. 

On  adding  silver  nitrate  to  the  aqueous  solution  of  this  substance,  a  yel- 
lowish precipitate  of  the  corresponding  silver  compound,  Cj^Hj^AgNgO^, 
is  thrown  down,  which  dissolves  in  water  with  great  difficulty. 

0-2745  (dried  at  100°)  gave  0*0865  Ag.  Ag  =  31-51. 

CjiHj^AgNgO^  requires  Ag  =  3r48  per  cent. 

Most  characteristic  is  the  copper  derivative  of  ethylic  dicyanoglut- 
aconate, which  is  precipitated  in  red-brown  glistening  needles  on 
mixing  aqueous  solutions  of  the  sodium  compound  and  copper  sulphate. 
It  dissolves  in  boiling  water  and,  on  cooling,  crystallises  unchanged. 
The  air-dried  crystals  have  the  composition  (CijHjjN204)oCu-l- 4H2O. 
They  slowly  lose  their  water  of  crystallisation  at  100°,  and  turn 
pale  brown. 
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0-3190  (air-dried)  lost  0-0385  at  100°.    H.p  =  12-06. 

(CiiHiiN.,04)oCu,4H20  requires  H,0=  11-90  per  cent. 

0-2635  (dried  at  100°)  gave  22-5  c.c.  nitrogen  at  10° and  766  mm.    ]Sr=10-3. 
0-2800         „  „         „     0-0412  CuO.    Cu  =  ll-73. 

(OiiHi^N204)2Cu  requires  N  =  10-50  ;  Cu  =  11-82  per  cent. 

In  order  to  isolate  ethylic  dicyanoglutaconate,  the  sodium  compound 
is  dissolved  in  warm  water,  an  excess  of  hydrochloric  acid  gradually 
added  to  the  solution,  and  the  yellow  ethylic  salt  which  soon  separates  is 
collected  and  washed  with  water  until  the  washings  are  no  longer 
acid.  The  pale  yellow  filtrate,  after  some  days,  loses  its  colour  and 
acquires  a  beautiful  blue  fluorescence,  whilst  colourless  needles  are 
deposited  ;  the  small  amount  of  the  latter  precluded  us  from  examining 
it  further. 

Ethylic  dicyanoglutaconate  dissolves  readily  in  hot  acetone,  and 
crystallises  from  it  in  yellow,  glittering  plates  which  melt  and 
decompose  at  187 — 188°.  It  was  found  to  contain  a  small  quantity  of 
another  substance  which  was  not  removed  by  repeated  recrystallisa- 
tion.  The  following  analytical  results  show  that  the  percentage  of 
carbon  in  different  specimens  of  the  product  varies  from  the  theoretical 
number  by  one  to  two  per  cent. 

0-2179  gave  0-4320  CO^  and  0-1090  H2O.  C  =  54-07  ;  H  =  5-55. 
0-2012  „  0-4015  CO2  „  0-0975  H2O.  C  =  54-42  ;  H  =  5-38. 
0-2073  „  0-4198  CO2  „  0-1020  HgO.  0  =  55-22  ;  H  =  5-46. 
0-2258  „  0-4525  CO2  „  0-1103  H2O.  0  =  54-65  ;  H  =  5-42. 
0-1980  „  19-5  c.c.  nitrogen  at  17°  and  765  mm.  N  =  11-50. 
0-2050     „        20-5         „  „      16°   „     763  mm.     N=  11-70. 

CiiHi2^2^4  requires  0  =  55-93  ;  H  =  5-08  ;  N  =  11-86  per  cent. 

A  similar  observation  was  made  by  Errera  (loc.  cit.),  who  was  also 
unable  to  obtain  the  ethylic  salt  in  a  pure  state  by  crystallising  it  from 
alcohol,  although  he  states  that  he  succeeded  in  removing  the  impurity 
by  benzene,  and  that  the  compound  thus  purified  melts  at  178 — 179°. 

The  question  arose  whether  ethylic  dicyanoglutaconate  under  the 
influence  of  ammonia  undergoes  a  decomposition  analogous  to  that  of 
ethylic  dicarboxyglutaconate  (Ruhemann  and  Morrell,  Trans.,  1891, 
59,  743).  Experiment,  however,  showed  that  such  a  reaction  does 
not  take  place  either  on  leaving  the  ethereal  salt  in  contact  with 
aqueous  ammonia  at  the  ordinary  temperature  or  on  heating  it  with 
the  reagent  at  100°.  The  ethereal  salt  dissolves,  and  on  concentrating 
the  yellow  solution,  almost  colourless,  silky  needles  of  the  ammonium 
compound  of  ethylic  dicyanoglutaconate  crystallise ;  this  dissolves 
fairly  easily  in  cold  water,  and  with  the  greatest  ease  on  boiling ;  it 
melts  and  decomposes  at  162 — 163°. 
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The  following  analytical  data  point  to  the  view  than  this  substance, 
when  dried  at  100°,  contains  I^HgO. 

0-2397  (dried  at  100°)  gave  0-4455  CO,  and  0-1132  H2O.  C  =  50-71;  H  =  6-17. 
0-2396  „  „    33-5  c.c. nitrogen  at  22°  and  772  mm.    N  =  16-08. 

0-2267  „  „    31  CO.  „  20°    „    775  mm.    N=  15-95. 

CiiHi2N204,NH3  +  IH2O  requires  C  =  50-38  ;  H  =  6-10  ;    N  =  16*03  per  cent. 

On  heating  the  ammonium  compound  to  110°,  it  turns  yellow,  and 
most  probably  suffers  partial  dissociation  into  ammonia  and  the  ethylic 
salt. 

We  have,  as  stated  above,  undertaken  the  preparation  of  ethylic 
dicyanoglutaconate  with  a  view  of  ascertaining  whether  it  can  readily 
be  transformed  into  ethylic  dihydroxydinicotinate.  This  change  may 
indeed  be  effected,  and  this  fact  affords  an  explanation  of  the  forma- 
tion of  the  pyridine  derivative  from  the  product  contained  in  the 
mother  liquor  of  ethylic  sodiodicarboxyglutaconate. 


Ethylic  Dihydroxydinicotinate. 

If  ethylic  dicyanoglutaconate,  or  the  sodium  compound  of  the  ethereal 
salt,  is  boiled-with  dilute  hydrochloric  acid,  the  substance  after  a  short 
time  enters  into  solution,  and  in  the  course  of  a  few  minutes  a  solid 
separates,  which  rapidly  increases  in  quantity.  When  cold,  this  is 
collected,  washed,  and  dried,  and  then  treated  with  cold  concentrated 
hydrochloric  acid,  which  dissolves  most  of  it ;  on  adding  water,  a 
precipitate  is  thrown  down  which  readily  dissolves  in  chloroform,  and 
crystallises  from  alcohol  in  colourless  needles.  This  compound  is 
characterised  as  ethylic  dihydroxydinicotinate  by  the  melting  point 
(202°),  the  reddish-violet  coloration  produced  on  adding  ferric  chloride 
to  its  alcoholic  solution,  and  by  a  nitrogen  determination, 

0-2025  gave  10  c.c.  nitrogen  at  20°  and  772  mm.     N  =  5-73. 
CjjH^gNOg  requires  N  =5-49  per  cent. 

The  formation  of  ethylic  dihydroxydinicotinate  is  undoubtedly 
preceded  by  that  of  the  diamide  of  ethylic  dicarboxyglutaconate, 
which  then  loses  ammonia  and  condenses  to  the  jiyridine  derivative, 
as  illustrated  by  the  following  symbols. 

CH  CH 

COOCgH.-C       CH-COOCaH^    -»    C0002Hj-C     CH-COOCgH^-^ 

'  CN    CN  NHg-CO  CO-NHg 

Etliylic  dicyanglutaconate, 
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CH 

COOC.,H,-C       C-COOCoH, 
OH-C       C-OH 


N 

Ethylic  dihydroxydinicotinate. 

On  prolonged  boiling  with  hydrochloric  acid,  ethylic  dihydroxydini- 
cotinate decomposes,  losing  carbon  dioxide,  and  on  evaporating  the 
solution  on  the  water  bath,  the  residue  gives  a  reddish-violet 
coloration  with  ferric  chloride,  and  strongly  reduces  silver  nitrate 
and  potassium  permanganate.  The  investigation  of  this  compound  is 
not  yet  complete;  there  can,  however,  be  no  doubt  that  it  is  aa'-dihy- 
droxypyridine,  which  could  not  be  isolated  from  the  product  of  the 
interaction  of  ammonia  and  ethylic  glutaconate,  on  account  of  the 
rapidity  with  which  the  dihydroxypyridine  is  oxidised  by  the  oxygen 
of  the  air  in  ammoniacal  solution  {see  Ruhemann  and  Morrell,  Trans., 
1891,  59,  745). 

Ethylic  dihydroxydinicotinate  not  only  forms  a  sodium  and  an 
ammonium  derivative,  but  with  phenylhydrazine  also  yields  a  com 
pound  which  is  thrown  down  on  adding  the  hydrazine  to  a  warm 
alcoholic  solution  of  the  ethylic  salt.  It  dissolves  but  sparingly  in 
boiling  alcohol,  and,  on  cooling,  crystallises  in  groups  of  slender, 
colourless  needles  which  decompose  at  198°. 

0-2130  gave  0-4365  CO2  and  0-1112  H2O.     C  =  55-89  ;  H  =  5-80. 
0-2278     „     22-5  c.c.  nitrogen  at  19°  and  769  mm.     N=  11-49 
Ci^HjgNOe.NHa-NH-CeHj requires  0  =  56-19;  H  =  5-78;  N  =  ll-57  p.  c. 

The  hydroxyl  groups  in  ethylic  dihydroxydinicotinate  have  the  same 
relative  position  in  the  pyridine  ring  as  in  citrazinamide  ;  the  latter, 
as  shown  some  time  ago  (Ruhemann,  Ber.^  1887,  20,  3369),  may  be 
transformed  into  trichlorocitrazinamide  and  the  corresponding  bromo- 
derivative,  by  the  action  of  chlorine  or  bromine  on  the  solution  of  the 
amide  in  hydrochloric  acid.  It  seemed  to  be  of  some  interest  to  subject 
ethylic  dihydroxydinicotinate  to  a  similar  treatment  with  the  view 
of^arriving  at  analogous  halogen  derivatives.  The  ethylic  salt,  as  has 
been  stated  before  (Ruhemann  and  Sedgwick,  Ber.,  1895,  28,  825), 
and  as  mentioned  in  this  paper,  has  feeble  acid  properties ;  it  dissolves 
in  concentrated  hydrochloric  acid,  but  the  hydrochloride  thus  formed 
dissociates  on  adding  water.  This  behaviour  of  ethylic  dihydroxydi- 
nicotinate has  been  made  use  of  for  its  purification.  On  adding  bromine 
to  the  solution  of  the  ethylic  salt  in  hydrochloric  acid,  an  unstable 
additive  product  is  formed  (Ruhemann  and  Sedgwick,  ^oc.  cit.) ;  chlorine 
however,  we  find,  behaves  differently,  j 
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Ethylic  Dihydroxydichloronicotinate. 

On  saturating  thelsolution  of  ethylic  dihydroxydinicotinate  in  concen- 
trated hydrochloric  acid  with  chlorine,  a  viscid  mass  separates  and  ad- 
heres to  the  sides  of  the  vessel ;  this  is  washed,  dissolved  in  dilute  potash, 
and  the  solution  acidified  with  hydrochloric  acid,  when  a  white  precipi- 
tate is  obtained  which  is  sparingly  soluble  in  boiling  alcohol,  and  on 
cooling  crystallises  in  colourless,  shiny  plates.  These  begin  to  darken 
at  about  238°,  and  are  completely  decomposed  at  248°  ;  ferric  chloride 
gives  a  reddish-violet  coloration  with  their  alcoholic  solution. 

On  analysis,  numbers  were  obtained  corresponding  with  the  formula 
CgHyNO^Cla. 

0-2090  gave  0-2930  COo  and  0-0528  H2O.     C  =  38-23  ;  H  =  2-80. 
0-2318     „     0-2636  AgCl.     01  =  28-14. 
C8H7NO4CI2  requires  0  =  38-10  ;  H  =  2-78  ;  01  =  28-1 7  per  cent. 

The  mode  of  formation  of  the  compound  and  the  analytical  results 
indicate  that  it  is  ethylic  dichlorodihydroxynicotinate ;  its  constitution 
may,  d,  j/t'iori,  be  expressed  by  one  of  the  formulae. 

C(0OOEt).C(OH)  C(COOEt).0(OH). 

CH-0012 00^^^  ^  •    C01001=0(0HK^^ 

The  first  formula,  I,  would  correspond  with  the  structure  of  tri- 
chlorocitrazinamide  and  to  that  of  the  dichloro-derivative  formed  from 
methyl  dihydroxypyridine  (Ruhemann,  Ber.,  1894,27,  1271),  but  the 
stability  of  ethylic  dichlorodihydroxynicotinate  compared  with  that  of 
the  others  would  indicate  that  the  formula  II  has  to  be  assigned  to 
it.  This  formula  is,  moreover,  supported  by  the  behaviour  of  the 
substance  towards  phenylhydrazine.  Whilst  the  former  chloro- 
derivatives,  on  treatment  with  the  base,  are  transformed  into  phenyl- 
hydrazones,  with  removal  of  halogen,  the  latter  yields  merely  an 
additive  product.  This  readily  dissolves  in  alcohol,  and  on  treatment 
with  dilute  hydrochloric  acid  the  chloro-derivative  is  precipitated 
unchanged. 

In  conclusion,  w«  express  our  best  thanks  to  Mr.  0.  Eeinherz,  of 
Trinity  College,  for  help  afforded  us  in  the  course  of  this  work. 

GONVILLE  AND   CaIUS  COLLEGE, 

Cambridge. 
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XXIX. — The  Action  of  Alhjl  Iodides  on  Silver  Malate 

and  on  Silver  Lactate. 

By  Thomas  Purdie,  F.R.S.,  and  G.  Deuce  Lander,  B.Sc. 

The  silver  salts  of  organic  acids  react,  as  a  rule,  very  readily  and  com- 
pletely with  the  lower  alkyl  iodides,  and  as  the  chemical  change  usually 
follows  a  perfectly  normal  course,  it  affords,  as  is  well  known,  one  of 
the  most  trustworthy  processes  for  the  preparation  of  ethereal  salts, 
furnishing  a  pure  product  and  a  satisfactory  yield  in  many  cases  where 
the  commoner  processes  of  etherification  cannot  be  employed.  The  method 
obviously  recommends  itself  for  the  preparation  of  the  ethereal  salts 
of  optically  active  acids  which  are  liable  to  have  their  activity  im- 
paired by  the  action  of  mineral  acids  ;  for  this  reason,  it  was  employed 
in  the  preparation  of  the  active  ethereal  alkyloxy-succinates  (Trans., 
1895,  67,  970),  and  it  gave  satisfactory  results.  In  applying  the 
method,  however,  to  hydroxy-acids,  we  find  that  the  reaction  does  not 
proceed  entirely  in  the  normal  direction,  and  that  it  cannot  be  relied 
on  to  produce  the  ethereal  salts  of  such  acids  in  a  state  of  purity. 

J.  Wallace  Walker  (Trans.,  1895, 67,  916)  prepared  ethereal  lactates 
from  the  silver  salt  and  found  them  to  be  more  active  than  specimens 
prepared  by  other  investigators  by  the  commoner  methods.  This 
result  suggested  a  research  on  the  optical  activity  of  ethereal  malates 
and  lactates  prepared  by  different  methods  (Purdie  and  Williamson, 
Trans,,  1896,  69,  818),  which  showed  that  in  general  the  ethereal  salts 
obtained  by  the  action  of  primary  iodides  on  the  silver  salts  did,  in 
fact,  exhibit  a  considerably  higher  activity  than  those  prepared  with 
the  aid  of  hydrochloric  or  sulphuric  acid,  the  difference  amounting  in 
some  cases  to  about  20  per  cent,  of  the  total  activity.  The  reaction 
in  these  cases  appeared,  nevertheless,  to  run  its  normal  course  ;  the 
results  of  analysis,  the  nearly  constant  boiling  points  of  the  products, 
the  yield  obtained,  and  the  comparative  constancy  of  the  activity  of 
different  preparations  seemed  to  preclude  the  idea  that  the  ethereal 
salts  could  be  contaminated  with  substances  of  higher  activity.  The 
obvious  alternative  explanation,  that  the  lower  activity  of  the  ethereal 
salts  made  by  the  commoner  methods  might  be  due  to  racemisation, 
was  not  supported  by  experiment,  as  racemic  compounds  could  not  be 
detected  in  the  products  of  hydrolysis  in  such  quantity  as  would  account 
for  the  defect  in  activity.  No  explanation  of  the  apparent  anomaly 
could  be  given.  In  attempting  to  prepare  isopropylic  malate  {loc.  cit. ), 
it  was  found  that  the  action  of  isopropylic  iodide  on  silver  malate  was 
quite  abnormal.  The  yield  of  ethereal  salt  obtained  was  very  small , 
the  activity  of  different  preparations  varied  considerably,  and  was 
nearly  two  and  a  half  times  as  great  as  that  of  normal  propylic  malate,  an 
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observation  which  is  quite  at  variance  with  what  is  known  of  the 
relative  influence  of  the  two  propyl  groups  on  optical  activity.  The 
results  of  analysis  and  experiments  on  the  hydrolysis  of  the  ethereal 
salt  led  the  authoi's  to  conclude  that  the  product  was  a  mixture  of  iso- 
pi'opylic  malate  with  some  more  carbonaceous  and  much  more  optically 
active  substance.  The  object  of  the  present  investigation  was  to 
ascertain  the  cause  of  the  anomalous  results  referred  to.  We  find  that 
the  high  activity  of  the  product  of  the  action  of  isopropylic  iodide  on 
silver  malate  is  due  to  the  presence  in  it  of  a  considerable  amount, 
more  than  20  per  cent.,  of  isopropylic  isopropoxy-  or  propoxy-succinate, 
the  propyl  group  of  the  iodide  having  replaced,  not  only  the  silver  of 
the  salt,  but  also  to  some  extent  the  hydrogen  of  the  alcoholic  hydroxyl, 
and  that  an  analogous  reaction  occurs  between  isopropylic  iodide  and 
silver  lactate.  We  have  succeeded  also  in  establishing  the  fact  that 
ethylic  malate  and  ethylic  lactate,  made  by  the  method  referred  to, 
notwithstanding  the  evidence  for  their  purity,  mentioned  above,  are 
in  reality  contaminated,  although  to  a  much  smaller  extent,  with  moi'e 
highly  carbonaceous  and  more  active  substances,  which,  although  we 
could  not  isolate  them  in  a  state  of  purity,  are  without  doubt  the 
corresponding  ethoxy-compounds. 

Actio7i  of  Isopropylic  Iodide  on  Silver  Malate. 

In  carrying  out  the  reaction,  the  method  pursued  was  as  follows. 
The  finely  powdered  dry  silver  malate  was  added,  a  small  portion  at  a 
time,  to  excess  of  isopropylic  iodide,  the  temperature  being  allowed  to 
rise.  The  mixture  having  been  heated  for  an  hour  on  a  water  bath, 
was  diluted  with  dry  ether  and  filtered  ;  the  filtrate,  being  extremely 
acid,  was  allowed  to  stand  over  potassium  carbonate,  again  filtered,  and 
after  removal  of  the  ether  distilled  under  reduced  pressure.  After 
the  iodide  had  distilled  off,  the  liquid  boiled  at  a  nearly  constant  tem- 
perature. We  employed  360  grams  of  silver  malate  and  600  grams 
of  iodide,  and  obtained  after  two  distillations  68  grams  of  a  product 
having  the  boiling  point  163 — 165°  under  a  pressure  of  60  mm.  A 
small  quantity  of  the  substance  was  accidentally  lost  dui-ing  distilla- 
tion, but  making  allowance  for  this,  the  yield  amounted  to  only  about 
a  half  of  that  obtained  [loc.  cit.)  with  primary  propylic  iodide.  The 
observed  rotation  of  the  liquid  was  a=  -  65'92°  in  a  200  mm.  tube  at 
20°,  the  rotations  found  in  the  previous  preparations  on  a  smaller  scale 
being  -  69  80'^  and  -61*95°;  that  of  ?i-propylic  malate  made  by  the 
same  method  is  -  29"6°.  Normal  propylic  and  isopropylic  malate, 
prepared  by  Walden  by  Anschutz's  method  (Zeit.  phyaikal.  Chem., 
1895,  17,  248)  showed  under  similar  conditions  the  rotations  -  24-96° 
and  -  23'06°  respectively. 
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In  order  to  isolate  the  more  active  constituent,  66  grams  of  the  mix- 
ture were  shaken  in  the  cold  with  a  10  per  cent,  aqueous  solution  of 
potassium  hydroxide  and  left  in  contact  with  the  alkaline  solution  for 
24  hours,  previous  experiments  having  shown  that  by  this  treatment 
the  less  active  substance  was  first  hydrolysed.  The  residual  oil,  after 
being  washed  with  water  and  separated  from  the  latter  by  the  addition 
of  some  ether,  amounted  to  15  grams.  It  was  found  that  the  removal 
of  the  less  active  constituent  had  raised  the  rotation  from  a  =  -  32 '9°  to 
-  54-95°  in  a  100  mm.  tube.  On  being  distilled  under  a  pressure  of 
about  25  mm.,  nearly  all  the  liquid  passed  over  at  148°.  The  analysis 
of  the  liquid  gave  results  agreeing  with  the  formula  of  propylic 
propoxysuccinate. 

0-0980  gave  0-2155  CO2  and  0-0825  H.p.     C  =  59-97;  H  =  9-35. 

0-1670     „     0-3660  CO2    „    0-1385  H^O.     0  =  59-77  3  H  =  9-21. 

C13H24O5  requires  0  =  60-00  ;  H  =  9-23  per  cent. 

A  determination  of  the  specific  rotation  of  the  substance  gave  the 
following  result :  t  =  l8°,  1^1,  a=  -57-08,  d  17-5/4°  =  0-9762,  [a]^  = 
-58-47°.  Its  activity  far  exceeds  that  of  normal  and  isopropylic 
malates,  the  specific  rotations  of  which  are  respectively  only  -  11-6° 
and  -  10-41°  (Walden,  loc.  cit.  ;  Anschlitz,  Zeit.  2)hi/sikccl.  Chem.,  1895, 
16,  495). 

The  ethereal  salt,  although  not  attacked  by  10  per  cent,  aqueous 
potassium  hydroxide  in  the  cold,  was  readily  hydrolysed  when  heated 
on  the  water  bath  with  aqueous  alkali  to  which  enough  alcohol  had  been 
added  to  bring  the  oil  into  solution  ;  a  small  portion  of  it  was  there- 
fore hydrolysed  in  this  manner.  On  adding  silver  nitrate  to  the 
neutralised  solution,  a  silver  salt  was  obtained  as  a  gelatinous,  white 
precipitate,  differing  essentially  in  appearance  from  silver  malate,  which 
is  a  crystalline  powder ;  it  was  much  more  difficult  to  wash  than  the 
latter,  and  apparently  more  soluble  in  water.  Unlike  silver  malate,  it 
turned  rapidly  brown  when  dried  at  100°,  and  even  at  the  ordinary  tem- 
perature in  a  vacuum  became  dark  coloured.  Estimations  of  silver, 
therefore,  did  not  give  satisfactory  results  ;  the  numbers  obtained  with 
the  salt  dried  in  a  vacuum  and  at  100°  were  59-30  and  60-81  per  cent, 
respectively,  the  calculated  percentages  for  silver  propoxysuccinate  and 
malate  being  55-38  and  62  07. 

As  it  seemed  possible  that  potassium  hydroxide  might  have  decom- 
posed the  acid,  the  rest  of  the  ethereal  salt  was  hydrolysed  by  heating 
with  an  aqueous  alcoholic  solution  of  barium  hydroxide.  After  re- 
moving the  excess  of  the  latter  with  carbonic  anhydride  and  evaporat- 
ing the  solution  to  a  small  bulk,  the  barium  salt  separated  as  a  white, 
indistinctly  crystalline  powder  of  pearly  lustre ;  this  was  readily 
soluble  in  water,  leaving,  however,  a  small  residue  of  a  highly  in- 
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soluble  salt,  probably  barium  malate,  which  was  removed  by  filtration. 
As  trustworthy  determinations  of  water  of  crystallisation  in  the  barium 
alkyloxysuccinates  are  difficult  to  obtain  owing  to  their  hygroscopic 
character,  some  of  the  salt  was  dried  for  analysis  at  130 — 140°.  The 
results  found  on  combustion  were  as  follows.  I.  C  =  26'19;  H  =  3*22; 
Ba  =  44-19.  11.  C  =  26-29,  H  =  3-26,  Ba  =  44-41  ;  the  calculated  per- 
centages for  barium  propoxysuccinate  are  C  =  27'01;  H  =  3-22; 
Ba  =  44-05,  Estimations  of  barium  gave  43-70  and  43-96  per  cent. 
The  low  results  for  carbon  shown  in  the  combustions  may  possibly  be 
due  to  the  difiiculty  of  drying  the  salt  completely  without  its  under- 
going slight  decomposition. 

The  specific  rotation  of  the  salt  was  observed  in  solutions  of  different 
strengths,  the  concentration  of  the  initial  solutions,  from  which  others 
were  made  by  dilution,  being  found  by  evaporating  a  measured  volume 
and  weighing  the  residue  dried  at  130 — 140°. 

(1)  <  =  19°,  ?=4,  c  =  1295,  a=  -4-ir,  [a]o=  -    7-93°. 

(2)  t  =  19°,  1  =  4:,  c  =  6-475,  a=  -2-72°,  [a]D=  -10-50°. 

(3)  «  =  20°,  ^  =  4,  c  =  6-170,  a=  -2-72°,  [a]u=  -11-02°. 

(4)  «  =  20°,  ^  =  4,  c  =  3-085,  a=-l-50°,  [ajo-  -12-16°. 

The  activity  of  this  salt  differs  widely  from  that  of  barium  malate, 
which,  according  to  Schneider  {Annalen,  1881,  207,  277),  has  the 
specific  rotation  +4*69°  when  c  =  5-19. 

The  acid  was  obtained  from  the  solution  of  the  barium  salt  by 
adding  rather  less  than  the  calculated  quantity  of  sulphuric  acid.  The 
solution  having  been  filtered  and  the  filtrate  evaporated  to  dryness, 
the  acid  was  extracted  from  the  residue  with  ether,  and  on  evaporat- 
ing the  ether  it  was  left  as  an  oil  which  quickly  solidified  to  a  crys- 
talline mass.  It  was,  however,  very  deliquescent,  and  did  not  show  a 
sharp  melting  point.  Observations  of  the  activity  of  its  aqueous  solu- 
tion are  given  below ;  the  concentrations  were  found  in  the  case  of  the 
first  three  determinations  by  titrating  the  initial  solution  with  standard 
alkali  and  diluting  this  to  known  volumes,  and  in  the  case  of  the 
fourth  by  weighing  the  acid  directly. 

(1)  <  =  18°,  ^  =  4,c  =  10-0036,  a=  -14-51°,  [a]D=  -36-26°. 

(2)  <  =  16°,  ?=4,  c  =  5-0018,    a=-7-21°,    [a]D=  -  36-04°. 

(3)  <  =  16°,  ;  =  4,  c  =  2-5009,    a=-3-66°,    [ajo^  -  3659°. 

(4)  «  =  18°,  ;-4,  c  =  3-3583,    a=-4-74°,    [a]„=  -  35-29°. 

The  calcium  salt,  prepared  by  neutralising  the  acid  with  calcium 
carbonate,  was  only  sparingly  soluble  in  cold  water,  and  still  less  so  in 
hot  water  ;  on  slightly  warming  a  cold  saturated  solution,  it  became 
rapidly  turbid  from  the  sepax-ation  of  the  salt  in  the  form  of  fine  scales, 
which,  on  cooling,  went  again  into  solution.     The  salt,  dried  at  110°, 
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was  found  to  contain  18-71  per  cent,  of  calcium,  and  combustion  gave 
the  following  results. 

Found    I.  0  =  38-60;  H  =  4-48;  Ca=  18-30. 
„       II.  C  =  38-82;  H  =  4-65;  Ca=  18-74. 
Calculated    for     calcium    propoxysuccinate,    C^HjQOgCa,     0  =  39-25; 
H  =  4-67;  Oa  =  18-69  percent. 

To  determine  the  specific  rotation,  a  solution  was  made  by  shaking 
the  salt  with  cold  water,  and  its  concentration  was  found  by  evaporat- 
ing an  aliquot  portion  to  dryness  and  weighing  the  dried  residue  ;  the 
following  result  was  obtained. 

t  =  18°,  1  =  4:,  c  =  1-635,  a=  -1-28°,  [a]D= -19-57° 

A  solution  of  the  potassium  hydrogen  salt,  prepared  by  exactly 
neutralising  a  measured  volume  of  the  solution  of  the  acid  with 
standard  potassium  hydroxide,  adding  an  equal  quantity  of  acid,  and 
making  the  liquid  up  to  a  definite  volume,  gave  the  following  specific 
rotation. 

t  =  18°,l=4:,  c  =  l-6992,  a=  -2-16°,  [a]D=  -31-78°. 

A  solution  of  the  normal  potassium  salt  was  also  prepared  by 
exactly  neutralising  a  solution  of  the  acid  with  standard  potassium 
hydroxide  and  making  up  the  liquid  to  a  known  volume.  The  specific 
rotation  was  as  follows. 

t  =  l6°,  ;  =  4,0  =  3-9820,  a-  -3-03°,  [a]D=  -19-02°. 

A  portion  of  the  solution  was  evaporated  and  an  estimation  of  potas- 
sium made  in  the  salt  dried  at  100°.  Found,  K  =  30-85;  calculated 
for  O^H^gOgKo,  31-01  per  cent. 

The  optical  observations  and  the  analyses  which  have  been  quoted 
prove  that  the  abnormally  high  activity  of  the  product  of  the  action  of 
isopropylic  iodide  on  silver  malate  is  due  to  the  unexpected  formation 
of  a  considerable  amount  of  isopropylic  propoxy- or  isopropoxy-succinate. 
This  conclusion  is  borne  out  by  a  comparison  of  the  activity  of  the  sub- 
stances described  with  that  of  the  corresponding  derivatives  of  active 
normal  propoxysuccinic  acid  obtained  by  the  resolution  of  the  inactive 
acid  which  was  prepared  by  the  addition  of  normal  propylic  alcohol  to 
maleic  anhydride  or  propylic  fumarate  (Trans,,  1895,  67,  949).  The 
ethereal  salts  of  this  acid  have  not  been  prepared,  but  judging  from  the 
active  methoxy-  and  ethoxy-succinates,  the  observed  activity  of  the 
compound  we  have  isolated  is  such  as  a  propylic  propoxysuccinate 
would  be  expected  to  exhibit.  The  specific  rotation  of  propylic 
methoxysuccinate  is  45-21°,  that  of  the  corresponding  ethoxysuccinate 
51-25°  (Trans.,  1895,  67,  979)  ;  assuming  that  the  rise  of  activity  is 
nearly  constant  in  ascending  the  series,  the  specific  rotation  of  propylic 
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w-propoxysuccinate  should  be  about  57°,  and  that  of  the  isopropyl  com- 
pound should  not  differ  much  from  this  value.  The  specific  rotation 
of  our  compound  is  58-47°.  The  two  acids  show  nearly  the  same 
specific  rotation  in  aqueous  solution,  and  the  activity  in  both  cases 
alters  but  slightly  on  dilution.  Taking  the  mean  of  the  observations 
at  different  concentrations,  the  specific  rotation  of  n-propoxysuccinic 
acid  from  fumaric  acid  is  36-23°,  that  of  the  compound  formed  from 
malic  acid,  as  described  above,  36-04°.  The  rotations  of  the  potassium 
hydrogen  salts  in  dilute  solution  are  also  similar,  namely,  32-30°  and 
31-78°  respectively.  In  the  case,  however,  of  the  normal  potassium 
salt,  and  of  the  calcium  and  barium  salts  whose  specific  rotation  alters 
largely  with  dilution,  the  salts  from  malic  acid  show  a  somewhat  higher 
activity  than  the  salts  from  the  other  source.  Thus,  the  normal  potas- 
sium salts  have,  in  3  to  4  per  cent,  solution,  the  specific  rotations  19*02° 
and  17-26°  respectively;  the  calcium  salts,  resembling  each  other  in 
their  sparing  solubility  in  water,  and  in  their  greater  solubility  in  cold 
than  in  hot  water,  show  in  dilute  solution  the  specific  rotations  19-57° 
and  14-18°  respectively.  The  barium  salt  of  our  acid  shows  the  same 
rapid  rise  of  activity  with  dilution  which  is  exhibited  by  the  barium 
alkyloxysuccinates  in  general  (Trans.,  1893,  63,  239).  The  specific 
rotations  of  the  barium  propoxysuccinates  from  the  two  sources  for 
about  equal  concentrations  are  12-16°  and  10°  respectively. 

Our  experiments  afford  no  conclusive  evidence  as  to  whether  the 
acid  under  investigation  is  a  normal  propoxy-  or  an  isopropoxy-deriva- 
tive  of  succinic  acid.  The  similarity  in  activity  of  the  acids  and  of  the 
acid  potassium  salts  favours  the  former  view ;  on  the  other  hand,  the 
difference  exhibited  by  the  other  three  salts  mentioned  are  such  as 
might  be  expected  if  the  acids  were  isomeric.  It  may  be  mentioned 
that,  in  the  case  of  the  sparingly  soluble  calcium  salts,  where  the 
difference  is  greatest,  the  solutions  examined  were  so  dilute  that  the 
observations  of  activity  may  be  affected  with  a  considerable  error. 

With  regard  to  the  composition  of  the  mixture  of  ethereal  salts 
resulting  from  the  interaction  of  isopropylic  iodide  and  silver  malate, 
the  chief  constituent  is,  no  doubt,  the  normal  product,  namely,  isopro- 
pylic malate.  This  was  confirmed  by  neuti-alising  the  alkaline  solu- 
tion used  in  effecting  the  partial  hydrolysis,  and  adding  silver  nitrate, 
when  silver  malate  was  precipitated;  the  salt,  dried  at  100°,  was 
found  to  contain  62*14  per  cent,  of  silver,  the  calculated  percentage 
being  62*07.  The  quantity  of  malic  acid  in  this  solution  was  esti- 
mated approximately  by  weighing  the  silver  malate  precipitated  from 
an  aliquot  part  of  it.  The  quantity  of  isopropylic  malate,  corre- 
sponding to  the  malic  acid  found,  would  amount  to  about  80  per  cent, 
of  the  weight  of  the  mixture  of  ethereal  salts,  from  which  it  follows 
that  the   propoxysuccinate  constituted    about  20   per   cent,    of   the 
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mixture  ;  the  quantity  actually  isolated  by  the  partial  hydrolysis  was 
23  per  cent.  It  should  be  mentioned,  however,  that  from  the  optical 
observations  it  would  appear  that  either  the  quantity  of  this  substance 
separated  was  much  less  than  that  actually  formed,  a  considerable  part 
of  it  having  undergone  hydrolysis  even  in  the  cold  potassium  hy- 
droxide solution,  or  else  there  was  some  other  substance  more  active 
than  isopropylic  malate  in  the  mixture.  If  the  product  consisted 
only  of  isopropylic  malate  and  isopropylic  propoxysuccinate,  the 
quantity  of  the  latter,  calculated  from  the  rotations  of  the  separate 
constituents*  and  of  the  mixture,  should  have  amounted  to  more  than 
40  per  cent,  of  the  whole. 

Action  of  Ethylic  Iodide  on  Silver  Malate. 

As  already  stated,  the  ethereal  malates  from  the  action  of  primary 
iodides  on  silver  malate  wore  found  to  be  more  active  than  the  corre- 
sponding substances  prepared  from  malic  acid  and  alcohol  with  the  aid 
of  mineral  acids.  The  differences  of  activity,  however,  in  these  cases 
are  small  as  compared  with  that  observed  with  isopropylic  malate  ; 
the  specific  rotations  found  for  ethylic  malate,  for  example,  from  the 
two  different  sources  were  -12-4°  and  -10-3°.  Besides  this,  in  the  case 
of  the  malates  of  primary  alcoholic  radicles,  neither  boiling  point  nor 
analysis  indicated  the  presence  of  foreign  substances,  so  that  it  was 
only  after  ascertaining  the  cause  of  the  abnormal  activity  of  the 
product  obtained  from  isopropylic  iodide  that  it  occurred  to  us  that 
the  malates  made  from  primary  iodides  probably  also  owed  their 
higher  activity  to  the  formation  of  alkyloxysuccinic  acids.  Five  per 
cent,  of  ethylic  ethoxysuccinate  would  suffice  to  account  for  the 
difference  in  activity  observed  in  the  case  of  ethylic  malate.  The 
substances  differ  so  little  in  percentage  composition  that  analysis 
would  not  betray  the  contamination,  and  the  boiling  points  also  are 
so  much  alike  that  fractional  distillation  of  small  quantities  of  material 
might  readily  fail  to  detect  it. 

We  accordingly  prepared  ethylic  malate  in  the  manner  previously 
described  (Joe.  cit.),  but  on  a  larger  scale.  We  employed  454  grams  of 
silver  malate  and  868  grams  of  ethylic  iodide,  and  obtained  200  grams  of 
ethereal  salt,  boiling  at  1 30 — 135°  under  a  pressure  of  15  mm.  and  the 
rotation  a=  - 13-93°  in  a  100  mm.  tube  at  12° ;  the  rotations  observed 
in  previous  preparations  were  -  14*06°  and  — 1430°.  On  being  redis- 
tilled under  reduced  pressure,  the  whole  liquid  boiled  within  a  range 
of  4°,  but  the  activity  of  the  first  fraction  collected,  86  grams,  was 
found  to  have  risen  to  -  14-8°,  and  that  of  the  last  to  have  decreased 
to  -  12 "6°.    On  further  repeated  distillation,  the  activity  of  the  fractions 

*  The  activity  of  isopropylic  malate  has  been  determined  by  "Walden  {loc.  cit.). 
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of  lower  boiling  point  increased  continuously,  whilst  that  of  the  higher 
boiling  fractions  decreased,  but  to  a  smaller  extent.  Owing  to  slight 
variations  of  pressure,  it  was  not  possible  to  observe  the  exact  boiling 
points  of  the  various  fractions  under  identical  conditions,  but  those 
of  the  extreme  fractions  did  not  differ  by  more  than  3°  or  4°.  Finally, 
after  prolonged  fractionation,  17  grams  were  collected,  having  the 
rotation  a=  -  17'05,  whilst  much  the  larger  part  of  the  liquid  had  ac- 
cumulated in  the  fractions  of  higher  boiling  point,  the  rotation  of  which 
had  decreased  to  -  12 '2°,  The  maximum  rotation  had  evidently  not 
been  nearly  reached,  but  the  quantity  of  material  did  not  admit  of  the 
fractionation  being  carried  further ;  the  very  slow  decrease  of  activity  in 
the  case  of  the  fractions  of  higher  boiling  point,  on  the  other  hand,  in- 
dicated that  the  minimum  rotation  had  been  much  more  nearly  attained, 
the  minimum  being  evidently  that  of  ethylic  malate  as  prepared  by  the 
usual  methods,  namely,  a=  -11 '7°.  That  the  substances  of  higher 
and  lower  activity  were  not  produced  by  any  chemical  change  caused 
by  the  repeated  distillation  was  proved  by  an  analysis  of  the  latter, 
which  showed  that  it  still  retained  the  composition  of  ethylic  malate. 
We  found  on  combustion  0  =  50*45  ;  II  =  7"41,  the  calculated  numbers 
being  50-53  and  7*37  per  cent. 

The  results  of  the  fractional  distillation  show  that  the  pi'oduct  of 
the  action  of  ethylic  iodide  on  silver  malate  is  mainly  ethylic  malate, 
but  that  the  ethereal  salt  is  contaminated  with  a  small  quantity  of  a 
much  more  active  substance,  probably  ethylic  ethoxysuccinate.  It 
seemed  that  it  would  be  impossible  to  isolate  the  ethoxysuccinic  acid 
without  repeating  the  experiment  on  a  still  larger  scale;  with  the 
view,  however,  of  finding  corroborative  evidence  of  the  presence  of 
this  acid,  we  examined  the  products  of  hydrolysis  of  the  more  active 
fractions  of  the  ethereal  salt.  A  brief  account  of  the  results  of  this 
examination  may  be  given. 

One  of  the  more  active  fractions  was  partially  hydrolysed  by  treat- 
ment with  aqueous  caustic  alkali  in  the  cold,  which  raised  the  rotation 
of  the  unhydrolysed  part  considerably.  A  sparingly  soluble  calcium 
salt,  prepared  from  this  more  active  portion  by  hydrolysing  it  with 
calcium  hydroxide,  was  found,  on  combustion,  to  have  a  percentage 
composition  intermediate  between  that  of  calcium  malate  and  calcium 
ethoxysuccinate.  The  fraction  of  ethereal  salt  having  the  rotation 
a  =— 17*05°  was  similai'ly  subjected  to  partial  hydrolysis,  which 
raised  the  rotation  of  the  retsidual  oil  only  to  -  20°  ;  this  method  of 
separating  the  constituents  of  the  mixture  was  not  so  effective  as  it 
had  proved  in  the  case  of  isopropylic  malate.  The  hydrolysed  part 
contained  chiefly  malic  acid  ;  the  calcium  salt  prepared  from  it,  after 
drying  at  140°,  contained  21  "30  per  cent,  of  calcium,  the  percentage 
for   monhydrated    calcium  malate  being   2r05.     The   residual   un- 
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hydrolysed  pai't  gave,  on  hydrolysis  with  barium  hydroxide,  two 
barium  salts,  one  sparingly  soluble,  the  other  readily  soluble  in  water. 
The  insoluble  salt,  which  was  precipitated  as  a  granular  powder  on 
boiling  the  solution,  was  approximately  pure  barium  malate.  It 
contained,  when  dried  at  120 — 130°,  50*51  per  cent,  of  bai-ium,  the 
calculated  percentage  being  50"93.  The  soluble  salt,  consisting  of 
crystalline  scales,  when  dried  under  similar  conditions,  contained 
47'88  per  cent,  of  barium,  a  result  intermediate  between  the  calcu- 
lated percentages  of  malate  and  ethoxysuccinate,  but  nearer  that  of 
the  latter,  which  is  46 'IS.  Polarimetric  observations  were  also  in 
agreement  with  the  supposition  that  the  soluble  salt  was  a  mixture  of 
the  salts  of  ordinary  malic  acid  and  ^-ethoxysuccinic  acid.  The  activity 
of  both  barium  salts  is  known  to  vary  much  with  concentration,  the 
change  with  dilution  being  in  both  cases  in  the  Isevo-direction,  but  for 
similar  concentration  the  ethoxysuccinate  is  much  less  dexti-orotatory 
or  much  more  Isevorotatory  than  the  malate.  The  specific  rotations 
found  were  +  6-85°  for  c=  15-92  and  +  3-02°  forc  =  7'96,  results 
intermediate  between  those  which  the  pure  salts  would  have  given 
under  similar  conditions.  (Annalen,  1881,  207,  277  ;  Trans.,  1893, 
63,  235).  We  prepared  a  larger  quantity  of  the  mixed  barium  salts 
from  some  of  the  more  active  fractions  of  the  ethereal  salt,  and  tried 
to  remove  the  malate  by  repeated  boiling  and  evaporation,  by  which 
treatment  it  separates  in  the  anhydrous  insoluble  form,  but  the  sepa- 
ration was  only  partial ;  analysis  and  polarimetric  examination  of  the 
soluble  salt  showed  that  the  malate  had  been  further  eliminated,  but 
that  much  was  still  present.  Attempts  to  purify  the  ethoxysuccinate 
by  conversion  into  the  lead  and  the  calcium  salts  also  failed. 

Action  of  Normal  Butylic  Iodide  on  Silver  Malate. 

Anschiitz  and  Reitter  have  shown  that  normal  butylic  malate,  pre- 
pared by  the  hydrochloric  acid  method,  has  the  specific  rotation 
- 10-722°  {^eit.  physikal.  Chem.,  1895,  16,  495) ;  the  product  of  the 
action  of  normal  butylic  iodide  on  silver  malate  has  the  specific  rotation 
-  12-20*^.  Having  a  small  quantity,  12  grams,  of  the  latter  substance, 
we  examined  the  product  of  its  hydrolysis  to  ascertain  whether  it  con- 
tained, besides  malic  acid,  the  more  Isevorotatory  butoxysuccinic  acid. 
On  boiling  the  solution  of  the  barium  salt,  obtained  by  hydrolysing 
the  ethereal  salt  with  barium  hydroxide,  a  large  quantity  of  barium 
malate  was  precipitated,  but  there  remained  some  barium  salt  readily 
soluble  in  water  which  was  not  rendered  insoluble  on  prolonged  boiling 
of  the  solution.  An  estimation  of  barium  in  this  gave  a  result  mid- 
way between  that  of  malate  and  butoxysuccinate,  and  a  6  per  cent. 
solution  showed  only  a  slight  dextrorotation.      At  this  concentration, 
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barium  malate  is  more  dextrorotatory,  and  barium  butoxysuccinate  is 
Ifevorotatory,  The  quantity  of  material  was  too  small  to  attempt  a 
separation. 

Action  of  Alhjl  Iodides  on  Silver  Lactate. 

It  has  been  shown  {lac.  cit.)  that  ethylic  lactate  prepared  from  the 
silver  salt  exhibits  a  higher  activity  than  when  prepared  by  other 
methods.  Klimenko  and  J.  Wallace  Walker,  using  the  former  method, 
found  the  specific  rotation  to  be  14-19°  and  14-52°  respectively  ;  Purdie 
and  Williamson,  by  the  same  method,  obtained  a  somewhat  lower  result, 
13*46°,  but  still  notably  higher  than  the  activity  found  in  the  case  of 
the  ethereal  salt  prepared  with  the  aid  of  sulphuric  acid,  the  specific 
rotation  of  which  was  only  10-33°.  Examination  of  the  active  zinc 
lactate  obtained  from  the  latter  ethereal  salt  pi'oved  that  its  lower 
activity  was  not  due  to  racemisation.  In  view  of  what  has  been  stated 
above  with  regard  to  the  action  of  isopropylic  iodide  on  silver  malate, 
it  seemed  probable  that  the  excess  of  activity  exhibited  by  ethylic 
lactate  prepared  from  silver  lactate  was  to  be  attributed  to  the  pro- 
duction of  a  small  quantity  of  ethylic  ethoxy propionate.  We  have 
been  engaged  recently  in  resolving  inactive  alkyloxypropionic  acids 
into  their  active  components,  and  find  that  these  compounds  possess  a 
very  high  degree  of  activity  as  compared  with  lactic  acid,  so  that  the 
presence  of  a  small  proportion  of  ethylic  ethoxypropionate  would  sufiice 
to  account  for  the  excess  of  activity  referred  to.  As  the  two  ethereal 
salts  have  practically  the  same  boiling  point,  the  ethoxypropionate 
would  not  be  removed  by  fractional  distillation,  and  the  presence  of 
such  a  small  quantity  of  the  substance  as  would  suffice  to  raise  the 
rotation  to  the  degree  mentioned  would  not  be  readily  detected  by 
analysis.  Our  immediate  object  in  the  following  experiments  being 
only  to  ascertain  if  alkyloxypropionates  are  produced  simultaneously 
with  lactates  when  alkyl  iodides  act  on  silver  lactate,  inactive  lactic 
acid  was  employed. 

Ethylic  lactate  was  prepared  from  the  silver  salt  in  the  manner  pre- 
viously described.  From  173  grams  of  lactate  and  290  grams  of  ethylic 
iodide,  we  obtained  57  grams  of  ethereal  salt  having  the  boiling  point 
151 — 154°  under  atmospheric  pressure  ;  the  small  yield,  amounting  to 
only  55  per  cent,  of  the  calculated  quantity,  indicated  that  the  reaction 
had  not  proceeded  entirely  in  the  normal  manner.  The  distinctive 
properties  of  the  zinc  salts  of  ethoxypropionic  acid  and  lactic  acid 
presented  a  method  of  detecting  the  former  in  the  presence  of  a  large 
quantity  of  the  latter,  or,  possibly,  even  of  separating  it  in  the  pure 
state,  zinc  ethoxypropionate  being  a  gum  soluble  in  alcohol,  zinc  lactate, 
as  is  well  known,  a  crystalline  salt  nearly  insoluble  in  that  liquid. 
The  ethereal  salt,  accordingly,  was  converted  into  barium  salt  by  boiling 
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with  solution  of   barium  hydroxide  and  removal  of  the  excess  of  the 
latter  with  carbonic  anhydride.    The  acid  was  obtained  from  the  barium 
salt  by  adding  to  its  solution  rather  less  than  the  calculated  quantity 
of  sulphuric  acid,  evaporating  the  filtered  liquid,  and  extracting  the 
residue  with  ether.     Finally,  the  acid  was  converted  into  zinc  salt  by 
means  of  zinc  carbonate,  and  the  solution  having  been  evaporated,  the 
dried  residue  was  treated  with  absolute  alcohol.     The  great  bulk  of  the 
salt  was  left  undissolved,  and  on  evaporating  the  filtered  liquid  a  zinc 
salt  was  left  in  the  form  of  a  gum.     The  separation,  however,  was 
evidently  not  complete,  as  some  zinc  lactate  crystallised  from  the  gum 
on  standing.     Zinc  lactate,  in  fact,  dissolved  in  the  alcoholic  solution 
of  the  uncrystallisable  zinc  salt  to  a  much  greater  extent  than  in  pure 
alcohol,  and  although  a  considerable  amount  of  the  lactate  was  removed 
by  repeated  evaporation  and  treatment  with  alcohol,  and  also  by  add- 
ing alcohol  to  the  aqueous  solution,  the  separation  was  not  complete. 
The  salt,  dried  at  150°,  at  which  temperature  it  showed  no  signs  of  de- 
composition, was  found  to  contain  23 "SB  per  cent,  of  zinc,  the  calculated 
percentages  for  zinc  lactate  and  ethoxypropionate  being  26*87  and  21  "84 
respectively.     A  combustion  of  a  crystalline  calcium  salt  which  was 
made  from    the    uncrystallisable   zinc    salt  gave  results  for    carbon, 
hydrogen,  and  calcium  intermediate  between  the  calculated  numbers 
for  lactate  and  ethoxypropionate.    From  57  grams  of  ethereal  salt,  we 
obtained  about  2  grams  of  the  uncrystallisable  zinc  salt. 

To  ascertain  whether  ethylic  lactate  made  by  other  methods  gave 
similar  results,  we  prepared  the  compound  from  inactive  zinc  lactate, 
alcohol,  and  sulphuric  acid.  The  same  weight  of  this  ethereal  salt  as 
had  been  used  in  the  experiments  just  described  was  converted  into 
zinc  salt  under  exactly  the  same  conditions ;  and  as  much  as  possible 
was  separated  by  crystallisation  from  the  aqueous  solution  in  order 
that  the  uncrystallisable  salt,  if  there  were  any  present,  might  be  more 
certain  of  detection.  The  crystallised  salt  was  pure  zinc  lactate,  being 
found  on  analysis  to  contain  18'06  per  cent,  of  water  of  crystallisation 
and  26-89  per  cent,  of  zinc  calculated  on  the  anhydrous  salt,  the  cal- 
culated numbers  being  18"16  and  26'87.  The  residue  left  on  evapor- 
ating the  solution  to  dryness  showed  no  sign  of  gum,  and  the  alcoholic 
extract  of  it,  when  evaporated  to  dryness,  left  a  small  quantity  of  zinc 
lactate  with  only  a  trace  of  viscid  matter.  In  the  preparation  of 
ethylic  lactate  from  zinc  lactate,  just  mentioned,  a  small  yield  of 
ethereal  salt  was  obtained.  In  order  to  satisfy  ourselves  that  the  un- 
etherified  acid  contained  no  ethoxy propionic  acid,  the  organic  potassium 
salt,  which  had  been  formed  on  the  addition  of  potassium  carbonate  to 
the  crude  product,  was  separated  from  the  inorganic  salts  by  alcohol, 
converted  into  acid,  and  then  into  zinc  salt.  This  salt  was  crystalline, 
and  proved  on  analysis  to  be  pure  zinc  lactate.      We  could  not  detect 
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any   ethoxypropionic    acid    eithei'   in   the   etherified   or    unetherified 
acid. 

We  conclude  that  ethylic  lactate  made  from  silver  lactate  is  con- 
taminated with  a  small  proportion  of  an  ethereal  salt  of  an  acid 
containing  more  carbon  than  lactic  acid,  which,  judging  from  what 
follows  below,  is  doubtless  ethoxypropionic  acid,  and  that  it  is  the 
presence  of  this  substance  which  raises  the  activity  of  active  ethylic 
lactate  made  by  the  method  in  question.  On  the  other  hand,  ethylic 
lactate  made  by  the  sulphuric  acid  method  does  not  contain  this  im- 
purity, or,  if  at  all,  only  in  very  minute  quantity. 

Our  experiments  with  silver  malate  having  shown  that  isopropylic 
iodide  gives  a  much  larger  proportion  of  the  alkyloxy-compound  than 
primary  iodides,  it  seemed  likely  that  the  same  would  hold  good  for 
silver  lactate.  We  found  that  this  was  the  case,  and  that  the  salts  of 
isopropoxypropionic  acid  could  consequently  be  prepared  from  the 
pi'oduct  of  the  reaction  without  much  difficulty. 

Isopropylic  iodide  was  found  to  act  readily  on  silver  lactate.  The 
product  was  strongly  acid ;  having  been  diluted  with  ether,  it  was 
accordingly  neutralised  with  dry  potassium  carbonate,  which  caused  the 
separation  of  a  yellowish,  gummy,  potassium  salt.  The  filtei'ed  liquid 
was  distilled  fractionally  under  atmospheric  pressure,  and  after  several 
distillations  much  the  greater  part  boiled  at  155 — 161°.  The  yield  of 
ethereal  salt  was  very  small,  as  in  the  case  of  the  malate ;  from  235 
gi'ams  of  silver  lactate  and  358  grams  of  isopropylic  iodide  we  obtained 
40  gx'ams  boiling  at  the  temperature  mentioned,  that  is  to  say,  only 
about  25  per  cent,  of  the  calculated  yield.  Isopropylic  lactate,  pre- 
pared by  heating  the  acid  and  alcohol,  boils,  according  to  Silva 
{Bull.  Soc.  Chim.,  [iii],  17,  97)  at  166 — 168°,  and  isopropylic  isoprop- 
oxypropionate,  which  was  prepared  by  Silva,  by  acting  on  the  lactate 
with  sodium  and  isopropylic  iodide,  but  was  not  obtained  pure,  is  stated 
to  have  a  boiling  point  a  little  above  that  of  isopropylic  lactate. 

As  it  was  impossible  to  separate  the  ethereal  salts  by  fractional  dis- 
tillation, the  method  of  partial  hydrolysis  which  had  proved  successful 
in  the  case  of  the  malate  was  also  employed  here.  Twenty  grams  of 
the  ethereal  salt  (b.  p.  155 — 161°)  were  shaken  with  excess  of  10  per 
cent,  cold  potassium  hydroxide  solution,  and  the  unaltered  oil  was 
separated  and  washed  with  water.  The  alkaline  solution,  on  being 
acidified  with  sulphuric  acid  and  extracted  with  ether,  gave  lactic  acid, 
as  was  proved  by  an  analysis  of  the  crystalline  zinc  salt  obtained  from 
it;  we  found  H20  =  18-31,  Zu  =  26-72.  By  boiling  the  unhydrolysed 
oil  with  an  aqueous  alcoholic  solution  of  barium  hydroxide  and  removal 
of  the  excess  of  the  latter  with  carbonic  anhydride,  we  obtained  a 
barium  salt  in  the  form  of  a  gum  ;  this,  when  dried  at  1 40°,  was  found 
to  contain   34-33  per  cent,  of  barium,  the  calculated  percentage  for 
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the  propoxypropionate  being  34"08.  The  acid,  which  was  obtained  from 
the  barium  salt  by  decomposing  it  with  the  calculated  quantity  of 
sulphimc  acid  and  extracting  with  ether,  was  a  liquid.  The  silver 
salt,  prepared  from  this  acid  by  neutralising  it  with  silver  carbonate, 
crystallised  from  the  cooled  aqueous  solution  as  a  felted  mass  of  fine 
needles,  not  very  soluble,  and  darkening  on  heating  with  water.  An 
estimation  of  silver  in  the  salt  dried  at  100°  gave  Ag  =  45*32  percent., 
and  by  combustion  we  found  C  =  29 -41,11  =  4'57,  Ag  =  45'35;  CgH^^OgAg 
requires  C  =  30-12,  H  =  4-60,  Ag  =  45-19.  The  low  result  for  carbon 
was  probably  due  to  the  salt  having  undergone  slight  decomposition ; 
an  analysis  of  another,  purer,  preparation  is  given  below. 

Another  portion  of  the  residual  oil  which  was  unhydrolysable  in 
cold  aqueous  caustic  alkali  was  hydrolysed  by  heating  with  aqueous 
alcoholic  sodium  hydroxide,  and  the  acid  obtained  in  the  same  manner 
as  from  the  barium  salt  above  mentioned.  The  zinc  salt  made  from 
the  acid,  which  was  a  gum,  like  the  corresponding  ethoxypropionate, 
was  converted  with  calcium  hydrate  into  the  calcium  salt,  which 
crystallised  from  a  concentrated  aqueous  solution  in  small  needles 
containing  2H2O.  Found,  loss  of  weight  at  115°=  10*58;  Ca  in 
anhydrous  salt  =  13" 31  per  cent.  Calculated  for  calcium  propoxy- 
propionate, 2H20=  10-65;  Ca=  13-24. 

As  already  stated,  the  crude  product  of  the  action  of  isopropylic 
iodide  on  silver  lactate  contained  much  free  acid.  This  acid  was  found 
to  consist  chiefly  of  lactic  acid,  mixed,  however,  with  a  considerable 
proportion  of  propoxypropionic  acid.  The  potassium  salt,  formed  on 
adding  potassium  carbonate,  was  separated  from  the  excess  of  the 
latter  by  boiling  alcohol,  in  which  it  was  soluble  ;  it  was  a  gum  which 
showed  no  signs  of  crystallisation.  The  acid  was  obtained  from  it 
by  acidification  with  sulphuric  acid  and  extraction  with  ether.  It 
gave  a  crystalline  zinc  salt  which  analysis  showed  to  be  pure  zinc 
lactate,  and  also  an  uncrystallisable  zinc  propoxypropionate  which 
was  separated  from  the  lactate  by  taking  advantage  of  its  solubility 
in  alcohol.  The  calcium  salt,  procured  from  the  gummy  zinc  salt, 
crystallised  readily  in  needles,  and  was  found  on  analysis  to  have  the 
same  composition  as  the  calcium  propoxypropionate,  an  analysis  of 
which  is  quoted  above.  The  acid,  recovered  from  the  calcium  salt  by 
acidification  with  sulphuric  acid  and  extraction  with  ether,  was  con- 
verted into  silver  salt,  which  was  now  found  to  be  nearly  pure,  as  is 
shown  by  the  following  analysis. 

0-2860  gave  0-3115  CO2,  0-1175  H2O  and  0-1300  Ag.  C  =  29-70; 
H  =  4-56;  Ag  =  45-45. 

CgHiiOgAg  requires  C=  30-12  ;  H  =  4-60 ;  Ag  =  45-19  per  cent. 

Our  experiments  show  that  the  high  activity  of  ethereal  malates 
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and  lactates  prepared  from  the  silver  salts  is  due  to  their  being  con- 
taminated with  the  salts  of  the  much  more  highly  active  alkyloxy- 
succinic  and  alkyloxypropionic  acids.  The  quantity  of  the  latter 
produced  may  amount,  when  isopropylic  iodide  is  used,  to  20 — 40  per 
cent,  of  the  whole  product ;  with  primary  iodides,  on  the  other  hand, 
the  quantity  probably  does  not  exceed  5  per  cent. 

The  late  J.  W.  Rodger  and  J.  S.  S.  Brame  (Trans.,  1898,  73,  301)  found 
that  the  ethereal  tartrates  from  silver  tartrate  have  a  very  ab- 
normally high  rotation.  Having  received  Mr.  Brame's  permission,  we 
are  investigating  this  reaction,  and  we  have  already  obtained  some 
evidence  that  the  abnormal  activity  is  due  to  the  production  of 
dialkyloxysuccinates. 

The  silver  salts  of  other  hydroxy-acids  will  probably  be  found  to 
react  similarly  with  alkyl  iodides,  and  this  method  of  preparing 
ethereal  salts,  at  all  events  under  the  conditions  observed  by  us,  can- 
not therefore  be  used  with  safety  in  the  case  of  these  acids.  The  ob- 
servation was  made  previously  {loc.  cit.)  that  whilst  the  ethereal 
malates  and  lactates  differed  in  activity  according  to  their  method  of 
preparation,  the  acidyl  derivatives  prepared  from  them  had  nearly  the 
same  rotation  ;  the  explanation  no  doubt  is  that,  owing  to  the  difference 
of  the  boiling  points  of  the  alkyloxy-ethereal  salts  and  the  acidyl 
derivatives,  the  former  were  eliminated  in  the  course  of  fractional 
distillation. 

With  regard  to  the  mechanism  of  the  reaction  by  which  the  alkyloxy- 
acid  is  produced,  we  are  unable  at  present  to  say  anything  definite.  It 
is  well  known  that  alcohols  and  alkyl  haloids  interact  when  heated  to  a 
sufliciently  high  temperature,  yielding  halogen  acid  and  ether  {Anncden, 
1864,  131,  55),  but  so  far  as  we  know  the  analogous  formation  of  an 
alkyloxy-acid  by  the  action  of  an  alkyl  halide  on  a  hydroxy-acid  or  its 
ethereal  salt  has  not  been  observed,  and  it  seems  unlikely  that  a  direct 
action  of  this  kind  should  occur  at  the  temperature  we  employed. 
We  made  some  experiments,  the  results  of  which  tend  to  negative  the 
idea  that  the  reaction  is  merely  of  the  nature  referred  to.  Active 
ethylic  lactate  made  by  the  sulphuric  acid  method  was  heated  at  100° 
in  a  closed  tube  with  ethylic  iodide.  The  product  distilled  irregularly 
and  was  coloured  with  iodine,  which  was  removed  by  shaking  the  liquid 
with  mercury.  The  activity  had  decreased  somewhat,  from  which  we 
conclude  that  ethoxypropionic  acid  had  not  been  formed.  Another 
experiment  *  in  which  lead  oxide  was  added  with  the  view  of  remov- 
ing the  hydriodic  acid,  supposed  to  be  formed,  from  the  sphere  of 
chemical  action,  gave  also  a  negative  result.  The  fact  that  isopropylic 
iodide  was  more  active  than  the  primary  iodide  in  producing  the 
alkyloxy-acids  suggested  the  idea  tliat  these  acids  might  possibly  be 
*  Ethylic  maLvte  was  used  in  this  case. 
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formed  by  the  addition  of  the  alkylene  resulting  from  the    decomposi- 
tion of  the  iodide,  according  to  the  equation 

CH3'CH(0H)-C00Et  +  C^H^  =  CH^-CH(OEt)-COOEt. 
The  reaction  is  certainly  a  very  improbable  one,  and  as  a  matter  of 
fact  we  found  on  trial  that  the  activity  of  ethylic  malate  was  not  altered 
by  passing  ethylene  through  it  at  100°.  We  are  at  present  engaged 
in  some  experiments  which  we  think  may  throw  some  light  on  the  re- 
action and  may  perhaps  also  furnish  a  method  of  preparing  the  active 
alkyloxy-acids  directly  from  the  active  hydroxy-acids. 

In  conclusion,  we  may  draw  attention  to  a  fact,  established  by  our 
experiments,  which  is  of  some  importance  on  account  of  its  stereo- 
chemical bearings.  The  replacement  of  the  alcoholic  hydrogen  of 
malic  and  lactic  acids  by  alkyl  groups  produces  a  very  great  change  of 
activity.  From  considerations  based  on  the  ionic  rotations  of  malic 
and  ethoxysuccinic  acid  (Trans.,  1895,  67,  982),  it  was  concluded  that 
a  change  of  sign  of  activity  accompanied  the  substitution  in  question, 
but  this  conclusion  now  appears  to  be  incorrect.  The  rotations,  of  the 
ethereal  salts  of  the  alkyloxy-acids,  produced  in  the  reactions  described, 
are  in  the  same  sense  as  those  of  the  ethereal  malates  and  lactates 
together  with  which  they  are  formed. 

United  College  of  St.  Leonard  and  St.  Salvatoe, 
University  of  St.  Andrew's. 


XXX. — The  Optical  Rotations  of  Methylic  and  Ethylic 

Tartrates. 

By  (the  late)  James  Wyllie  Rodger  and  J.  S.  Strafford  Brame. 

The  intention  of  the  authors  at  the  commencement  of  this  research 
was  to  prepare  the  ethereal  tartrates  in  a  high  state  of  purity  and 
investigate  the  influence  of  different  alkyl  radicles  on  the  optical 
activity  at  varying  temperatures.  In  attempting  to  prepare  dimethyl- 
and  diethyl-tartrates  by  two  distinct  methods,  it  was  found  that  widely 
different  rotations  were  exhibited  by  the  compounds  obtained  by 
saturating  an  alcoholic  solution  of  tartaric  acid  with  hydrochloric 
acid,  or  heating  the  acid  and  alcohol  in  sealed  tubes,  and  by  those 
obtained  from  the  action  of  the  alkyl  iodide  on  silver  tartrate. 

Similar  differences  have  been  noticed  in  the  case  of  lactates  by 
J.  Wallace  Walker  (Trans.,  1895,  67,  914),  and  for  malates  and 
lactates  by  Purdie  and  Williamson  (Trans.,  1896,  69,  818). 

Owing  to  the  lamented  death  of  Mr.  J.  W.  Rodger  and  the  appoint- 
ment  of    the   other   author   to   a   different    laboratory,  it  has  been 
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impossible  to  carry  out  the  work  as  intended,  but  there  is  suflScient 
of  interest  and  importance  to  justify  the  publication  of  what  has  been 
done. 

Preparation. 

First  method. — By  saturation  with  gaseous  hydrogen  chloride.  The 
method  of  Anschiitz  and  Pictet  was  used.  A  saturated  solution  of 
tartaric  acid  in  ethylic  alcohol,  kept  cool  by  ice,  was  thoroughly 
saturated  with  dried  hydrogen  chloride  ;  air  was  then  rapidly  drawn 
through  it  for  some  time,  and  finally  the  excess  of  hydrogen  chloride, 
alcohol,  and  water  quickly  distilled  off  under  reduced  pressure.  The 
residue  was  again  dissolved  in  alcohol  and  the  process  repeated,  allow- 
ing the  saturated  solution  to  stand  five  weeks  ;  finally,  the  product  was 
fractionated  under  diminished  pressure.  After  the  fractionation  had 
proceeded  some  time,  much  charring  took  place,  the  pressure  rose 
rapidly,  the  temperature  fell,  and  a  limpid  liquid  distilled.  On  ex- 
amination, this  liquid  readily  gave  the  iodoform  test,  and,  although 
not  completely  purified  owing  to  its  small  amount,  the  results  of  a 
combustion  fully  agree  with  those  required  for  ethylic  alcohol ;  more- 
over, its  boiling  point  (78°)  confirms  this  supposition.  Ethylic  tartrate 
No.  1  was  prepared  by  this  method. 

Second  method. — Freundler's  was  adopted,  which  differs  from  the 
preceding  in  evaporating  the  alcoholic  solution  of  the  acid  until  a 
crystalline  mass  (supposed  to  contain  ethylic  hydrogen  tartrate)  is 
obtained,  dissolving  this  in  alcohol  and  saturating  as  before.  No.  2 
specimen  of  ethylic  tartrate  was  prepared  in  this  way. 

Third  method. — By  heating  tartaric  acid  or  the  alkylic  hydrogen 
tartrate  in  sealed  tubes  with  alcohol ;  the  yield,  however,  is  exceedingly 
small  if  tartaric  acid  is  merely  heated  with  alcohol  in  a  sealed  tube. 
The  method  used  was  to  heat  the  acid  with  twice  its  weight  of  the 
particular  alcohol  in  a  reflux  apparatus  for  4  hours,  and  then  rapidly 
distil  off  the  alcohol,  and  the  water  formed,  under  reduced  pressure. 
The  residue  of  mono-substituted  ethereal  salt  was  then  dissolved  in 
more  alcohol,  and  the  mixture  heated  in  sealed  tubes  for  5  hours  at 
150 — 160°;  the  contents  of  tube  were  transferred  to  a  flask,  the  excess 
of  alcohol  and  the  water  formed  quickly  removed  as  before,  and  the 
ethereal  salt  fractionated  under  diminished  pressure.  By  this  method, 
methylic  and  ethylic  tartrates  are  readily  prepared,  and  the  yield  is 
good. 

The  ethylic  tartrates  Nos.  3,  4,  and  methylic  tartrates  Nos.  1,  2 
were  prepared  in  this  way. 

Fourth  method. — By  the  action  of  an  alkyl  iodide  on  silver  tartrate. 
An  excess  of  iodide  was  boiled  in  a  reflux  apparatus,  silver  tai-trate, 
which  had  been  dried  thoroughly  in  a  vacuum,  was  added  in  small 
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quantities  at  a  time,  and  the  mixture  boiled  for  2  hours  after  the 
whole  of  the  tartrate  had  been  added  ;  the  excess  of  iodide  was  then 
distilled  off,  the  residue  extracted  several  times  with  pure  dry  ether 
or  benzene,  the  solvent  distilled  off,  and  in  the  case  of  ethylic  tartrate 
the  residue  distilled  under  diminished  pressure.  For  methylic  tartrate, 
benzene  was  used  as  the  solvent,  and  after  partial  evaporation  crystals 
of  methylic  tartrate  were  obtained  on  adding  some  solid  tartrate  from 
another  preparation.  It  is  most  diiScult  without  a  nucleus  to  obtain 
the  methylic  tartrate  in  the  crystalline  form,  the  liquid  being  very 
viscous.  It  was  found  necessary  to  distil  the  tartrate  in  every  case, 
for  crystallisation,  even  although  carried  out  several  times,  did  not 
give  a  sufficiently  clear  product  for  measurements  of  the  rotation. 
When  this  method  is  adopted,  it  is  essential  that  the  materials  used  be 
as  dry  as  possible,  otherwise  little  or  no  yield  is  obtained. 

The  ethereal  salts  prepared  by  this  method  were  always  so  coloured 
with  iodine  as  to  render  accurate  polarimetric  measurements  im- 
possible, their  solutions  were  therefore  shaken  with  mercury,  filtered, 
the  solvent  distilled  off,  and  the  residue  fractionated  under  reduced 
pressure. 

Ethylic  tartrates  Nos.  5,  6,  7,  and  methylic  tartrates  Nos.  3,  4,  5,  6, 
were  prepared  from  silver  tartrate. 

Observation  of  the  Angle  of  Rotation. 

A  half-shadow  instrument  by  Laurent  was  used,  the  vernier  giving 
readings  to  five  seconds.  The  samples  were  contained  in  glass  tubes 
similar  to  those  used  by  Rodger  and  Watson  (Trans.  Boy.  Soc,  1895, 186, 
pt.  ii,  p.  626),  which  ensured  the  tubes  being  full  at  any  temperature  ; 
the  tubes  were  enclosed  in  a  water  jacket,  and  the  observations  were 
always  made  at  20°  or  very  close  to  that  temperature.  Every  care 
was  taken  that  the  readings  should  be  accurate,  the  tubes  when  filled 
being  left  for  some  time  in  the  apparatus  to  ensure  the  contents  having 
the  proper  temperature  ;  this  is  important,  as  W.  H.  Perkin,  sen.,  has 
pointed  out  that  the  rotation  of  these  ethereal  salts  is  very  appreci- 
ably affected  by  change  of  temperature  (Trans.,  1887,  51,  363).  The 
experience  of  the  authors  fully  bears  this  out. 

The  final  results  obtained  are  given  in  the  tables  (p.  304).  A  number 
of  observations  for  each  sample  were  taken,  distilling  each  time  until  a 
pure  product  was  obtained. 

Frankland  and  Wharton  (Trans.,  1806,  69,  1310)  found  that  methylic 
tartrate  prepared  by  Freundlei's  method  gave  a  rotation  of  2 '74°  in  a 
tube  1  dcm.  long. 

It  will  be  noticed  at  once  that  the  salts  prepared  by  the  silver 
tartrate  method  invariably  give  a  much  higher  rotation  than  when 
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Methylic 

tartrate. 

Method 

of 

preparation. 

Speci- 
men. 
No. 

Tartaric 
acid. 

Temperature 

of 
distillation. 

Pressure 

during 

distillation. 

Temperature 

of 
observation. 

ajl 
fori  dcm. 

Sealed  tube 

Silver  salt 
)>        )) 
)>        >j 

1 
2 
3 
4 
5 
6 

13-32 
13-47 
13-47 
13-32 
13-47 
13-32 

169—171° 

168-5—170° 

163-5—168° 

164—166° 

165—169° 

159—162-5° 

19—20  mm. 

17—23  mm. 

14—17  mm. 
13-5—18  mm, 
15—19-5  mm. 

9—13  mm. 

20-2° 

20-3 

20 

20-1 

19-8 

19-9 

2-785 

2-804 

3-64 

3-127 

3-30 

4-038 

Ethylic  tartrate. 


Method 

Speci- 

[«];" 

Temperature 

Pressure 

Temperature 

all 

of 

men. 

Tartaric 

of 

during 

of 

for  1  dcm. 

preparation. 

No. 

acid. 

distillation. 

distillation. 

observation. 

Anschutz 

1 

13-32 

185—177° 

31—22  mm. 

20-1° 

9-37 

Freundler 

2 

13-32 

185—191° 

37—43  mm. 

20 

9-31 

Sealed  tube 

3 

13-32 

169—172° 

14—17  mm. 

20 

9-25 

4 

13-32 

172—178° 

22—21  mm. 

19-9 

9-22 

Silver  salt 

5 

13-32 

161-5- 163-5° 

20  mm. 

20 

14-33 

6 

13-47 

171-5—172° 

18—20  mm. 

20 

14-91 

'J        )) 

7 

13-32 

174—176° 

17—20  mm. 

19-8 

14-37 

prepared  by  either  of  the  other  methods ;  the  differences  here  are, 
indeed,  much  greater  than  those  observed  by  Purdie  and  Williamson 
in  the  case  of  the  methylic  and  ethylic  malates  and  lactates.  Further, 
it  -will  be  seen  that  the  compounds  produced  by  the  sealed  tube 
method  have  nearly  the  same  rotatory  power  as  those  produced  by 
saturating  with  gaseous  hydrogen  chloride. 

Again,  the  rotation  for  the  different  samples  of  methylic  and  ethylic 
tartrates  produced  by  the  silver  method  is  by  no  means  constant, 
varying  in  a  manner  which  cannot  easily  be  accounted  for,  because,  as 
far  as  possible,  the  preparations  were  similarly  conducted.  Purdie 
and  Williamson  found  that  the  rotation  of  ethylic  lactate  prejiared 
from  the  silver  salt  differed  from  that  of  the  same  compound  prepared 
in  a  similar  way  by  J.  Wallace  Walker,  confirming  the  experience  of 
the  authoi's  that  the  product  formed  is  variable  in  composition  when 
this  method  is  employed. 

In  order  to  determine  any  difference  between  the  ethereal  salts 
produced  by  the  silver  method  and  those  produced  by  other  methods, 
the  following  experiments  Avere  carried  out. 

1.  4-5  grams  of  methylic  tartrate  (No.  1)  and  the  same  weight  of 
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specimen  (No.  3)  were  treated  under  exactly  the  same  conditions  with 

a  definite  volume  of  sodium  hydi-oxide  solution  containing  more  than 

sufficient   soda  to  decompose  the  tartrates.     After  carefully  boiling 

for  some  time,  the  solutions  were  each  made  up  to  100  c.c,  and  the 

rotations  observed. 

No.  1.  No.  3. 

Length  of  tube,  5  dcm 7°     16'     35"  7°     20'     15" 

„       „      „      4  dcm 5°     48'     35"         5°     49'     50" 

Thus,  on  decomposition  by  an  alkali,  there  is  practically  no  differ- 
ence in  the  rotations  of  the  pi'oducts. 

2.  The  refractive  indices  of  two  samples  of  methylic  tartrate  and 
two  of  ethylic  tartrate  were  taken  ;  the  measurements  were  made 
under  comparable  conditions,  but  the  figures  given  must  not  be  taken 
as  the  exact  refractive  index  of  the  tartrates. 


Methylic 
tartrate. 

ajl 

M 

Ethylic 
tartrate. 

ajl 

No.  1 

2-785 

1-452 

No.  1 

9-37 

1-444 

No.  5 

3-30 

1-452 

No.  6 

14-91 

1-443 

3.  Combustions  were  made  of  two  specimens  of  each  of  the  com- 
pounds ;  the  results  can  only  be  compared  one  with  the  other,  since 
the  substances  are  somewhat  hygroscopic,  and  as  the  samples  had  been 
prepared  some  months  previously,  a  small  amount  of  water  had  been 
taken  up,  causing  decomposition,  and  thus  accounting  for  the  low 
carbon.  Before  weighing  for  the  combustion,  the  substance  was  kept 
in  a  vacuum  over  sulphuric  acid,  it  being  impossible  to  redistil. 


Methylic 
tartrate. 

Carbon. 

Hydrogen. 

Ethylic 
tartrate. 

Carbon. 

Hydrogen. 

No.  1 

40-16 

5-58 

No.  1 

45-69 

6-82 

No.  3 

40-01 

5-55 

No.  7 

45-82 

6-83 

40-50 

5-62  (theoretical) 

46-65 

6-80  "(theoretical) 

The  abnormal  optical  results  recorded  may  be  explained  on  three 
different  hypotheses.  First,  the  low  activity  of  the  ethereal  salts  pre- 
pared by  the  common  method  of  etherification  may  be  due  to  race- 
mation.  Second,  the  compounds  obtained  from  the  silver  salts  may 
be  isomeric  with,  and  more  active  than,  those  prepared  by  the  other 
methods ;  or,  third,  they  may  be  contaminated  with  small  quantities 
of  some  more  active  substance. 

The  first  explanation  is  precluded  by  the  constancy  of  the  rotations 
of  the  specimens  prepared  by  us  by  three  different  methods,  and  by 
the  fact  that  our  measurements  also  agree  with  those  of  other  ob- 
servers. The  second  explanation,  however  improbable,  is  supported 
by  the  remarkable  result  that  the  two  specimens  of  methylic  tartrate 
of   different   activity,    gave,    on   hydrolysis,    products   which  showed 
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almost  exactly  the  same  rotation.  With  regard  to  the  third  hypo- 
thesis, Purdie  and  Lander,  in  a  "  Preliminary  Note  on  the  Action 
of  Alkyllodides  on  Silver  Malate  "  {Proc,  1896,  170,  221),  ascribe  the 
higher  rotation  in  the  case  of  malates  to  the  presence  of  "  small 
quantities  of  the  ethereal  salts  of  the  highly  active  alkyloxy-acids." 
The  same  explanation  may  hold  in  the  case  of  the  alkyl  tartrates,  the 
hydrogen  of  one  or  both  of  the  alcoholic  hydroxyl  groups  having  been 
replaced  by  alkyl  radicles  during  the  transformation  of  the  silver 
tartrate.  These  derivatives  of  active  tartaric  acid  not  yet  having 
been  prepared,  their  activity  is  unknown  ;  they  must  in  this  case  be 
highly  active  substances,  otherwise  their  presence  in  such  quantity  as 
to  account  for  the  great  rise  in  activity  produced  would  have  been  de- 
tected by  analysis.  On  this  hypothesis,  the  identity  of  the  rotations  of 
the  products  of  hydrolysis  of  the  two  met  hylic  tai-trates  must  be  a  co- 
incidence ;  a  great  difference  between  them  was  probably  not  to  be 
expected.  Judging  from  the  known  optical  relations  of  the  malates 
and  monalkyloxysuccinates,  it  is  very  likely  that  the  sodium  salts  of 
tartaric  acid  and  of  the  alkylated  tartaric  acids  referred  to  would  show 
a  much  smaller  difference  of  activity  than  the  ethereal  salts  of  the  cor- 
responding acids.  That  the  rotations  of  the  products  of  hydrolysis  of 
the  ethereal  salts  prepared  by  the  two  different  methods  should 
coincide  so  closely  is,  however,  very  remarkable. 

It  has  not  been  possible,  so  far,  to  prove  the  existence  of  these  com- 
pounds in  either  of  the  ethereal  salts  prepared  by  the  silver  process, 
and  the  only  promising  method  of  doing  so  appears  to  be  successive 
recrystallisation  of  the  methylic  tartrate  from  benzene.  As  the  accom- 
panying figures  show,  this,  recrystallisation  lowers  the  rotation  con- 
siderably. 


Methylic  tartrate.     No.  6. 

Temp,  of  observation. 

all 

1st  crystallisation 

19-9° 

4-038 

2nd 

19-7° 

3-886 

3rd 

20-05° 

3-561 

It  is  therefore  probable  that  the  mother  liquor,  if  examined,  ^\ould 
be  found  to  contain  the  more  active  constituent.  Unfortunately,  it 
has  not  been  possible  to  resume  the  experimental  work,  and  any 
further  explanation  or  proof  of  the  cause  of  difference  will  no  doubt 
be  supplied  by  Dr.  Purdie  and  Mr.  Lander,  who  have  undertaken  to 
investigate  the  question  further. 
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XXXI. — Positio7i- Isomerism  and  Optical  Activity :  the 
Comparative  Rotatory  Poivers  of  Diethylic  Mono- 
henzoyl  and  Mono-toluyltartrates. 

By  Percy  Fbankland,  F.R.S.,  and  J.  McCrae,  Ph.D.,  late  Priestley 
Scholar  in  Mason  University  College,  Birmingham. 

The  object  of  this  investigation  was  twofold ;  firstly,  to  pursue  the 
inquiry  already  commenced  by  one  of  us  as  to  the  relationship  between 
optical  activity  and  position-isomerism  (Trans.,  1896,  69,  1309  and 
1583) ;  and,  secondly,  to  obtain  information  as  to  the  rotatory  power 
of  the  monacidyl  substitution  products  of  the  ethereal  tartrates,  which 
have  hitherto  received  comparatively  little  attention. 

In  the  papers  cited  above,  it  was  shown  that,  both  in  the  case  of 
methylic  and  of  ethylic  tartrate,  the  greatest  influence  is  exerted  on 
the  rotation  by  the  introduction  of  two  para-toluyl  groups  and  the 
least  by  two  ortho-toluyl  groups,  whilst  the  influence  of  two  meta- 
toluyl  groups  is  intermediate  between  that  exerted  by  the  two  para- 
and  the  two  ortho-groups  respectively ;  again,  the  influence  of  two 
benzoyl  groups  was  found  to  be  greater  than  that  of  the  ortho-  and 
less  than  that  of  the  meta-toluyl  groups. 

This  relationship  does  not  appear,  however,  to  be  a  perfectly  general 
one,  as  is  shown  by  the  following  results,  which  have  been  obtained 
by  other  observers  in  the  case  of  similar  series,  thus 

Walden  [Zeit.  pMjsikal.  CJievi.,  1895,  17,  265). 

(In  glacial  acetic  solution). 

-60 '66°  concentration  =  1 '5 
Maldianilide    [a]B=_gg.gg  ^^  =075 

Maldiorthotoluide „   = -J^^  ^         =12 

Maldiparatoliiide     ,,    =-70-0  ,,         =rOO 

Welt  {An7i.  Chim.  Phys.  [vii],  1895,  6,  142). 

Phenyl  amyl  oxide [a]i,   =+ 4*01°  (in  liquid  state). 

Ortho-cresyl  aniyl  oxide    ,,     = +3"86  ,, 

Meta-         ,,  ,,     ,,      =+3-93  ,, 

Para-  ,,  ,,     =+4-26  ,, 

Guye  and  Chavanne  (Guye,  Btdl.  soc.  chim.,  [iii],  15,  298). 

Amylic  benzoate [a]j,  = +4'96°  (in  liquid  state). 

,,         ortho-toluate ,,     =+4"55  ,, 

,,        para-      ,,       ,,     =-l-5'20  ,, 

,,         phenacetate  ,,     =+3'84  ,, 

,,         phenylpropionate ,,     =+2'15  ,, 
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Goldschmidt  and  Freund  {Zeit.  physikal.  Chem.,  189i,  14,  394). 

(In  chloroform  solution.) 

Araylic  phenylcarbamate  [a]^  = +4'19'' conceutration  =  5"2478 

,,         ortho-tolylcarbamate ,     =+2-66  ,,         =5"3277 

„         meta-  „  ,     =+3-85  ,,         =5-3058 

,,         para-  ,,  ,,     =+4"47  ,,         =5'2765 

N.B. — The  above  compounds  were  prepared  from  an  amj'lic  alcohol  [a]D=  -4'29° 
(t  =  2\\  d  =  0-8153). 

(Chloroform  solution.) 

Menthyl  phenylcarbamate [«]d=  -77'21°  concentration  =  5 "6085 

,,        ortho-tolylcarbamate ,,   —  -65'88  ,,         =5'6157 

,,        meta-  „  ,,   =-71'43  ,,         =5'5791 

,,        para-  ,,  ,,   =-72  30  ,,         =5-6177 

Menthol  in  alcoholic  solution  (concentration  =  5)  [«]-"'=  -49'4°. 


Carbanilido-?--carvoxime   [o]i,=  -l-33 

„    =+31 


Carbortho-toluido-   ,, 

>>  )) 

Carbometa-toluido-  ,, 

>>  )> 

Carbopara-toluido    ,, 


=  -f28 
=  +27 
=  -t-29 
=  -f29 
=  +32 
=  +30 


Benzoyl-?'-carvoxime [a]D=  +26 

Ortho-toluyl-     ,,  ,,    =+27 

Meta-toluyl-      ,,  ,    =+26 

Para-toluyl-       ,,  ,,    =+23 

Phenacetyl-        ,,  ,,    =+40 


concentration  =  7 '761 4 
=  2-7205 


=  7- 
=  2-7547 
=  7-7146 
=  2-7402 
=  9-4485 
=  2-7106 


concentration  =  •  9-1058 
=  9-1942 
=  10-0169 
=  9-2950 
=   7-7806 


N.B. — The  last  product  was  not  obtained  in  a  state  of  purity,  the  real  rotation 
would  be  somewhat  higher.  The  above  figure,  however,  shows  how  entirely  different 
is  the  rotatory  effect  of  the  phenacetyl  group  from  that  of  the  metameric  toluyl- 
groups  ;  in  fact,  in  the  case  of  the  tartrates  and  glycerates,  the  phenacetyl  group 
much  resembles  the  acetyl  group  itself  in  its  rotatory  effect. 


Ortho-bromobcnzoyl-r-carvoxime...    [a]D=  +25-96° 
Meta-  „  „         ...       ,,   =+18-24 

Para-  „  „         ...       ,,    =+14-90 


(Chloroform  solution.) 

concentration  =  5  -4687 

=  5-5132 

=  5-4965 


Ortho-nitrobenzoyl-r-carvoxime 

Meta-  ,,  ,, 

Para- 


[a]D=      0°     concentration  j 

,,    =+20-68 
„   =+17-33 


(=4-7044 

1  =  4-5575 

=  4-5845 

=  4-5648 


N.B. — The  inactivity  of  the  ortho-compound  is  very  remarkable,  as,  on  hydrolysis 
with  sodium  hydroxide,  a  dextrorotatory,  and  not  an  inactive,  carvoxime  was 
obtained.  From  analogy,  the  ortho-compound  should  in  this  case  have  the  highest 
rotation  of  the  three. 

All  the  above  carvoxime  derivatives  were  prepared  from  a  carvoxime  of  rotation 
[a]o=  +39-62^  (in  absolute  alcoholic  solution  of  concentration  =  9-8398). 
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Rawitzer  {Thesis  Zurich,  1896,  25  ;  Guye,  Bull.  soc.  chim.,  [iii],  15,  1158). 

Concentration  of 

acetic  acid  solution.  [a]D- 

;8-Methyladip-anilide    1-76  +25-9° 

,,           orcho-toluide 0-35  +58-2 

„           meta-     ,,        1-52  +11-0 

,,           para-     ,,        1-57  +35*9 

Excepting  in  the  last  two  series  mentioned,  the  rotatory  relationship 
between  the  ortho-,  meta-,  and  para-compounds  is  the  same  throughout, 
whilst  the  relationship  between  the  phenyl  and  the  three  tolyl 
compounds  is  subject  to  variation  in  the  several  series.  It  should  be 
observed  that  only  in  two  out  of  the  above  ten  series  were  the 
polarimetric  determinations  made  on  the  liquid  substances  themselves, 
solutions  having  been  employed  in  the  other  cases. 

In  the  series  which  forms  the  subject  of  the  present  communication, 
the  rotations  have  throughout  been  determined  both  in  solution  and 
on  the  substances  in  a  fused  state,  as  well  as  over  a  wide  range  of 
temperature. 

The  monacidyl  ethereal  tartrates  have  formed  the  subject  of  in- 
vestigations by  Perkin  (Trans.,  20,  138),  who  prepared  ethylic  mono- 
benzoyltartrate  and  ethylic  monacetyltartrate,  without,  however, 
determining  their  rotatory  power,  and  more  recently  by  Guye  and 
FayoUat  (Bull.  soc.  chim.,  1895,  [iii],  13,  190),  who  give  rotations  in 
ether  solution  for  the  following  compounds. 

[«L. 

Ethylic  tartrate +5-25°  (in  ether  solution). 

,,        monacetyltartrate  -t-2'4  ,, 

,,         monopropionyltartrate +2 '3  ,, 

,,         monobutyryltartrate +1'8  ,, 

,,         monobenzoyltartrate +1*5  ,, 

And  in  alcoholic  solution  for  the  following. 

Isobutylic  tartrate    +11*8°  (in  alcoholic  solution). 

,,         monacetyltartrate  +7'8  ,, 

,,         monobutyryltartrate  +97  ,, 

,,        monobenzoyltartrate +11*5  ,, 

Only  one  of  the  above  compounds,  namely,  ethylic  monobenzoyl- 
tartrate, has  been  prepared  by  us  also  and  a  comparison  of  our  results 
with  those  of  Guye  and  Fayollat  will  be  found  on  p.  312. 

The  preparation  of  the  monacidyl  substituted  tartrates  is  attended 
with  peculiar  difficulty  owing  to  the  tendency  for  diacidyl  products  to 
be  simultaneously  formed,  even  when  only  a  small  proportion  of  acid 
chloride  is  made  to  act  on  a  very  large  excess  of  tartrate.  The  sub- 
sequent separation  of  the  monacidyl  from  the  diacidyl  tartrate  can 
only  be  secured  by  a  long  series  of  crystallisations. 
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We  had  hoped  to  have  been  able  to  prepare  a  complete  series  of 
monacidyl  derivatives  from  both  ethylic  and  methylic  tartrates,  but 
we  found  that,  in  the  case  of  the  methylic  tartrate,  the  tendency  to 
form  the  diacidyl  compound  was  so  predominant  that  we  have  had  to 
abandon  for  the  present  the  preparation  of  the  monacidyl  methylic 
tartrates. 

Preparation  of  Ethylic  Tartrate. 

Large  quantities  of  this  substance  had  to  be  prepared  for  the  pur- 
poses of  this  investigation.  In  the  first  instance,  we  adopted  the 
hydrochloric  acid  method,  as  described  by  one  of  us  (Trans.,  1896,  69, 
1310),  but  latterly  we  i-eplaced  this  by  the  sealed  tube  method  as  more 
expeditious,  and  which,  as  far  as  we  are  aware,  has  not  hitherto  been 
employed  for  the  preparation  of  the  ethereal  salts  of  tartaric  acid. 

Ethyltartaric  acid  is  first  prepared  by  dissolving  50  grams  of 
tartaric  acid,  which  has  been  dried  in  the  steam  oven,  in  150  grams  of 
absolute  alcohol ;  the  solution  is  allowed  to  remain  overnight,  the 
excess  of  alcohol  being  then  distilled  off  on  a  water  bath,  and  the 
residue  dried  in  an  open  dish  in  the  steam  oven  for  3  hours.  About 
20 — 25  grams  of  the  syrup  thus  obtained  are  placed  in  a  tube  with 
40  c.c.  of  absolute  alcohol,  and  after  sealing  the  tube  it  is  heated  at 
160°  for  4 — 5  hours.  The  alcohol  is  then  distilled  off,  and  theethex'eal 
salt  rectified  under  reduced  pressure.  The  rotation  of  the  preparation 
was  aD=  +9'323°,  <  =  20°,  ^  =  1,  almost  exactly  the  same,  but,  if  any- 
thing, slightly  higher  than  that  which  we  have  generally  obtained 
with  the  salt  prepared  by  the  hydrochloric  acid  method. 

Diethylic  monohenzoyltartrate. 

In  the  first  instance,  we  endeavoured  to  prepare  this  according  to 
the  instructions  given  by  Perkin  (Trans.,  1867,  20,  138),  but  the 
pi'oduct  obtained  had  a  melting  point  lower  by  0'5°  than  his,  and  this 
was  the  case  even  after  it  had  been  recrystallised  from  light  petro- 
leum, a  process  of  purification  to  which  Perkin's  substance  had  not 
been  submitted.  Our  substance,  moreover,  solidified  under  water  in 
about  6  days,  whilst  Perkin  found  that  3  weeks  were  necessary. 

On  analysis,  our  substance  proved  to  be  too  rich  in  carbon  for  the 
monobenzoyl  compound,  thus 

I,     H  =  5-79  per  cent. ;  C  =  58"96  per  cent. 
II.     H  =  5'77     „      ,,        C  =  58-82     „      „ 

were  found,  whilst  diethylic  monohenzoyltartrate  requires 

H  =  5-81  per  cent.,  and  0  =  58-06  per  cent. 

As  the  excess  of  carbon  was  doubtless  due  to  the  presence  of 
diethylic  dibenzoyltartrate,  we  modified  the  method  of  preparation  in 
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the  following  manner,  so  as  to  reduce  to  a  minimum  the  chances  of 
this  latter  compound  being  formed. 

Thirty  grms  of  diethylic  tartrate  ([ajo  =  +7-643)  were  heated  on 
the  water  bath,  and  to  it  were  added  drop  by  drop  14  grams  of  benzoyl 
chloride,  the  whole  being  agitated  while  the  acid  chloi'ide  was  being 
added ;  thus  at  no  time  was  the  latter  even  locally  in  excess.  The 
mixture  was  then  heated  on  the  water  bath  for  3  hours  until  the 
evolution'^of  hydrochloric  acid  fumes  had  ceased ;  when  cold,  it  was 
vigorously  agitated  with  a  solution  of  sodium  carbonate,  and,  after 
washing  with  water,  it  was  dissolved  in  ether  and  the  ethereal  solution 
shaken  for  2  hours  with  a  solution  of  sodium  carbonate.  The  ethereal 
solution,  after  sepai-ation,  was  well  washed  with  water  and  then  dried 
over  potassium  carbonate ;  on  evaporating  the  ether,  a  yellowish  oil 
having  a  greenish  iluorescence  was  left.  This  was  then  covered  with 
a  layer  of  water,  and  in  the  course  of  an  hour  or  two  almost  colourless 
crystals  began  to  separate.  The  water,  which  was  vei'y  yellow,  was 
changed  several  times  until  the  mass  had  become  solid  and  colouring 
matter  was  no  longer  extracted,  the  mass  being  always  well  pressed 
under  the  water  before  the  latter  was  changed.  The  solid,  which 
melted  at  59°  when  dried,  was  fractionally  extracted  with,  and 
crystallised  from,  light  petroleum.  Six  crops  of  crystals  were  thus 
obtained,  one  and  all  of  which  had  a  melting  point  of  64'5 — 65°^ 
{Perkin  gives  64°).  The  yield  was  12  grams.  Further  recrystallisa- 
tion  from  light  petroleum  did  not  alter  the  melting  point. 

On  combustion,  the  following  results  were  obtained. 

0-1665  gave  0-3545  COg  and  0-0880  Hp.     C  =  58-07  ;  H  =  5-87. 

Diethylic  monobenzoyltartrate,  C^^H^gO-.,  requii^es  H  =  5-81 ; 

C  =  58*06  per  cent. 

Diethylic  dibenzoyltartrate,  C.^oHgoOg,  requires  H  =  5-31  ; 

C  =  63-77  per  cent. 

With  this  first  preparation  melting  at  64'5 — 65°,  the  following 
polarimetric  observations  were  made. 

Rotation  of  Diethylic  Monobenzoyltartrate  (First  Preparation). 

Temp. 


99° 

r„]   _         f'ooo 

+  15-82° 

67 

■-  ^"     0-4243  X  1-1297 
+  8-29 

+  16*79 

42 

"       0-4243x1-1630 

+  8-715 

+  17-27 

109 

0-4243x1-191 
+  7-36 

+  15-49 

"       0-4243x1-1195 
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Temp. 
'''■'°     [°]°-0-424tri'o910-^'*-"° 

''  "=  0-4243  ITl297-^^^-^^ 

Diethylic  monobenzoyltartrate  has  been  recently  prepared  by  Guye 
and  Fayollat  {Bull.  soc.  chim.,  [iii],  1895,  13,  201),  but  the  rotation 
given  by  these  observers  differs  enormously  from  ours  recorded  above; 
thus  they  find  [a]D=  +2'90°  (the  temperature  at  which  this  obsei-va- 
tion  was  made  is  not  given).  That  their  preparation,  however,  was 
extremely  impure  is  shown  by  the  analysis,  C  =  54'83,  H  =  6"45  (theory, 
C  =  58"06,  H  =  5'81  per  cent.),  by  the  fact  that  it  was  not  solid  at  the 
ordinary  temperature,  and  that  when  another  preparation  was  obtained 
solid,  the  melting  point  was  only  56 — 57°.  (It  was  with  an  ethereal 
solution  of  these  crystals  that  the  polarimetric  results  given  on  p.  313 
were  obtained.) 

In  consequence  of  these  irreconcilable  results,  we  deemed  it  desirable 
to  prepare  a  fresh  quantity  of  diethylic  monobenzoyltartrate,  which  on 
this  occasion  we  recrystallised  from  a  light  petroleum  of  lower  boiling 
point  than  before ;  it  then  had  a  higher  melting  point,  namely 
66 — 66'5°,  and  also  a  higher  rotation 

t '^^'^  - 0-4243  xM299-''^'^^ 

On  recrystallising  the  previous  preparation  from  this  petroleumi 
we  were  also  able  to  raise  its  melting  point  to  66 — 66'5°,  and  its 
rotation  to 

r„199-5''_  +  lO'Ol  ,-,w_o 

L"J°    -0-4985  xM295-'^^'^^ 

As  no  further  change,  either  in  melting  point  or  rotation,  could  be 
effected  by  recrystallisation,  the  following  detailed  polarimetric  obser- 
vations were  made  with  the  product. 

Rotation  of  Di-ethylic  Monohenzoi/ltartrate  {Second  Preparation, 
m.  p.  66—66-5°). 


Temp. 

99-5°     ralD  = ±^:^ =+17-69= 

L«JD     0-4985x1-1295 

79  „    = +1^:^I -=+18-43 

"       0-4985x1-1500 

63  „    = ^^^'^'^        =  + 19-02 

"       0-4985x1-1675 


[S]b 

+  130° 
+  137 
+  143 


*  It  is  worthy  of  note  that  the  rotation  of  cthylic  mono-trichloracctyltartrate 
at  this  temperature  is  almost  identical,  thus  [0]^^'^'=  +17-53°.  (Compare  P.  Frank- 
land  and  T.  S.  ratteraon,  Trans.,  1898,  73,  186\ 
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Temp.  [8] 


+ 12-47 

24  „   = lirLli =+20-71 

"       0-4985x1-2075 

135  „    = '^^'^^ =  +16-36 

"       0-4985x1-0920 

[180  „= ±^^ =+16-35 

•-  "       0-4985  X  1-0465 


+  154° 
+  159 
+  117 
+  114] 


* 


The  following  density  determinations  were  actually  made. 

(Z  5674°=  1-1701.         c^  7274°=  1-1535.         tZ  9974°=  1-1297. 
cZ14r/4°=  1-0878. 

At  the  last  high  temperature,  the  substance  had  suffered  slight  decom- 
position, indicated  by  its  becoming  somewhat  brown.  The  rotation 
was,  therefore,  again  determined  at  100°,  but  it  had  not  appreciably 
altered. 

In  the  preparation  and  recrystallisation  of  diethylic  monobenzoyl- 
tartrate,  an  oil  which  would  not  solidify  was  obtained  ;  this  gave  a 
rotation 

aD=  -  37-97°  («  =  100°,  1=1). 
0-1795  gave  0-4000  CO2  [H^O  lost].     C  =  60-78. 

Theory  for  diethylic  monobenzoyltartrate,  C  =  58-06  per  cent. 
„         „         „  dibenzoyltartrate,  C  =  63-77  per  cent. 

It  would  thus  appear  that  this  oil  was  a  mixture  of  the  mono-  and 
the  di-benzoyltartrate,  a  conclusion  which  is  in  harmony  with  the  fact 
that  the  rotation  for  diethylic  dibenzoyltartrate  is  given  by  P. 
Frankland  and  Wharton  (Trans.,  1896,  69,  1586)  as 

rair= Z^^l^ =-60-77° 

'■   ^°       0-44  X  1-1280 

As  Guye  and  Fayollat  did  not  remove  this  oil,  it  affords  strong  pre- 
sumptive evidence  that  the  very  low  positive  rotation  ([a]D=  +2-90°), 
which  they  found  for  diethylic  monobenzoyltartrate  was  due  to  its 
presence. 

In  the  case  of  the  diethylic  monotoluyltartrates  (ortho-  and  meta-) 
we  have  similarly  obtained  uncrystallisable  oils  in  addition  to  the  solid 
ethereal  salts  themselves,  whilst  in  the  case  of  the  para-compound  a 
solid  impurity  was  present  (see  p.  314). 

Diethylic  Mono-imratoluyltartraie. 

Forty  grams  of  ethylic  tartrate  ([a]D=  +7*643°)  were  heated  on  a 
water  bath  and  15  grams  of  paratoluyl  chloride  were  added  drop  by 

*  Owing  to  the  liquid  having  become  coloured  at  this  temperature,  the  accuracy 
of  this  polarimetric  result  is  somewhat  doubtful. 
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drop,  the  liquid  being  well  shaken  the  whole  time ;  after  the  addition 
of  the  acid  chloride,  the  mixture  was  heated  on  the  water  bath  for 
3  hours  longer.  When  cool,  it  was  shaken  with  a  solution  of  sodium 
carbonate,  but  the  whole  immediately  solidified ;  the  solid  mass  was 
broken  up  and  again  agitated  for  some  time  with  the  solution  of  sodium 
carbonate.  The  aqueous  part  was  then  poured  o&,  the  solid  dissolved 
in  ether,  and  the  ethereal  solution  shaken  for  5  hours  with  a  solution 
of  sodium  carbonate.  After  separating,  the  ethereal  liquid  was 
thoroughly  washed  with  water  and  dried  over  potassium  carbonate. 
On  evaporating  the  ether,  the  residue  was  left  in  the  form  of  prismatic 
crystals  melting  at  89 '5°. 

0-1905  gave  0-4170  CO2  and  0-1050  HoO.    C  =  59'70;  H  =  6-12. 

Diethylic  monoparatoluyltartrate,  Cj^gHogOy,  requires  0  =  59-26; 

H  =  6-17  per  cent. 

Diethylic  diparatoluyltartrate,  Co4H2gOg,  requires  0  =  65-16  ; 

H  =  5-88  per  cent. 

The  above  analysis  shows  that  doubtless  some  diparatoluyltartrate 
was  present.  The  crystals  were  powdered  and  heated  with  a  quantity 
of  light  petroleum  insufficient  to  dissolve  the  whole ;  the  solution  on 
being  poured  off  deposited  crystals  melting  at  87°.  This  treatment 
was  repeated  in  all  five  times,  and  the  fifth  time  the  whole  was  dis- 
solved. The  melting  points  of  the  several  crops  of  crystals  thus 
obtained  were  II.  93-5°,  III.  94°,  IV.  94°,  and  Y.  94°.  After  further 
repeated  fractional  cx^ystallisation  (in  all  17  fractions  were  obtained), 
there  was  a  yield  of  14  grams  of  substance  having  a  melting  point  of 
94°,  and  a  small  quantity  melting  at  85 — 87°.  The  prismatic  crystals 
melting  at  94°  *  were  submitted  to  combustion  with  the  following 
result. 

0-1680  gave  0-3650  CO,  and  0-0970  H,,0.     0  =  59-25;  H  =  6-41. 
Diethylic  monoparatoluyltartrate,  OjqHoqO-,  requires  0  =  59-26  ; 
H  =  6-17  per  cent. 

With  this  substance,  the  following  polarimetric  observations  were 
made. 

Rotation  of  Diethylic  Monojyaratoluyltartrate. 
[(Length  of  polarimeter  tube  in  each  case  was  49"85  mm.) 

AtlOO°[aL=  ^     ^^ =+15-85°      I     +117° 

^    -"^        0-4985x1-1122  , 

„    109      „     =  ±^^^1 =+15-44  +113 

0-4985x1-1053 

*  The  melting  poiut  of  diethylic  di-paratoluyltartrate  was  found  to  be  92—93° 
(P.  Frankland  arul  Wharton,  1896,  69,  1314). 
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[S]r. 

At  138°  [a]o  = 

+  7-88 

=  +14-59° 

+  106° 

04985  X  1-0835 

„  180      „      = 

+  7-015 

-  +13-38 

+  95 

0-4985x1-052 

After  this  series  of  determinations  had  been  made,  the  rotation  was 
again  taken  at  100°  with  substantially  the  same  result  as  above.  The 
substance  was  also  again  twice  recrystallised  from  light  petroleum,  and 
the  rotation   taken    at    100°   with    almost    exactly   the    same    result, 

rair= ±^H^ =+15-83°. 

'■   -'°       0-4985  X  1-1122 

The  density  determinations  actually  made  were  d  100°/4°=  1-1122, 
andd  137-5°/4°=  1-0839. 

In  order  to  further  confirm  the  above  results,  another  preparation 
was  made,  using  in  this  case  as  much  as  102  grams  of  diethyl ic  tartrate 
to  15*5  grams  of  paratoluyl  chloride.  After  six  recrystallisations  from 
light  petroleum,  the  melting  point  was  constant  at  93-5 — 94°,  and  the 

rotation  at  100°  was  [air  =  ^  .not^'!^ioo    =  +15-77°,  a  result, 

0-4985  X  ril22 

therefore,  practically  identical  with  the  above, 

Diethylic  Monorthotoluyltartrate. 

This  was  prepared  in  the  same  manner  as  described  above  for  the 
para-compound,  but,  on  evaporating  the  ether,  the  ethereal  salt  was  left 
as  an  oil  with  a  slightly  yellow  tinge,  the  further  purification  of  which 
was  attended  with  much  difiiculty.     Thus 

First  Preparation. — In  this,  20  grams  of  ethylic  tartrate  to  15  grams 
of  orthotoluyl  chloride  were  employed.  An  attempt  was  made  to  distil 
the  oily  product  under  reduced  pressure,  but  this  resulted  in  its 
apparent  total  decomposition. 

Second  Po'cimration. — In  this,  40  grams  of  ethylic  tartrate  and  15 
grams  of  orthotoluyl  chloride  were  employed  ;  the  oil  was  dissolved  in 
methylated  spirit  and  precipitated  again  by  water,  extracted  with 
chloroform,  the  chloroform  solution  dried,  and  the  chloroform  evapor- 
ated.    After  drying  the  oil  in  a  vacuum,  its  rotation  was  found  to  be 

aD=  +1-064°,  f  =  20°,  ?=  49-92  mm. 

It  was  then  treated  with  methylated  spirit,  water,  and  chloroform, 
as  before,  after  which  the  rotation  was 

ajj=  +0-106°,  «  =  20°,  ;  =  49-92  mm. 

After  being  again  submitted  to  the  same  treatment,  the  rotation  was 

aD=  -0-562°,  «  =  20°,  ^  =  49-92  mm. 
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On  again  being  submitted  to  this  treatment,  the  rotation  was 

ai,  =  -  0-556°,  t  =  20°,  I  =  49-92  mm. 

It  was  now  submitted  to  a  similar  treatment  in  which  acetone  was 
substituted  for  alcohol  and  ether  for  chloroform,  the  rotation  now 
becoming 

aD=  -1-260°,  ^  =  20°,  ;=  49-92  mm. 

and  on  repeating  this  treatment  with  acetone  and  ether, 

aD=  -2-581°,  <  =  20°,  /=  49-92  mm. 
On  combustion. 

0-1855  gave  0-4110  CO2  and  0-1065  HgO.     C  =  60-43  ;  H  =  637. 

Theory  for  diethylic  monotoluyltartrate,  0  =  59*26;  H  =  6-17  per  cent. 

„        „  ,,         ditoluyltartrate,        0  =  65-16 ;  H  =  5-88        ,, 

„        „    80  per    cent,    mono-  and    20    per   cent,    di-toluyltartrate, 

0  =  60-42;  H  =  6-12  percent. 

It  thus  appeared  that  the  methods  of  treatment  with  alcohol  and  with 
acetone  respectively,  instead  of  purifying  the  monotoluyl  compound, 
were  actually  leading  to  a  concentration  of  the  ditoluyl  compound,  for 
the  progressive  rise  of  the  rotation  in  the  negative  direction  was  ob- 
viously to  be  interpreted  in  this  manner,  since  it  has  been  shown  by 
one  of  us  {loc.  cit.)  that  ethylic  di-orthotoluyltartrate  has  a  very  high 
negative  rotation. 

Third  Preparation. — In  this,  35  grams  of  ethylic  tartrate  and  14  grams 
of  orthotoluyl  chloride  were  used.  The  treatment  of  the  product  was 
the  same  as  that  described  in  detail  under  "  Second  2y)'eparatio)i "  (see 
pp.  315  et  seq.),  but  the~rotation  was  taken  of  the  oil  left  on  evaporating 
the  ether,  and  without  the  further  operations  described  under  "  Second 
preparation."     The  rotation  was 

aD=  -h  0-739°,  «  =  20°,  Z  =  49-92  mm. 

0-1865  gave  0-4065  OOg  and  0-1060  H2O.     0  =  59-46  ;  H  =  6-31. 
Theory  for  96-5  per  cent,  mono- and  3-5  per  cent,  di-toluyltartrate, 
0  =  59'46  ;  H  =  6-15  per  cent. 

Fourth  Preparation. — In  this,  we  further  increased  the  excess  of 
ethylic  tartrate,  of  which  71  grams  were  used  to  15  grams  of  ortho- 
toluyl chloride.  The  oil  obtained  in  the  same  way  as  in  the  third 
preparation  exhibited  the  rotation 

a^=  4-4-59°,  «  =  20°,  ^=49-92  mm. 

Fifth  Preparation. — In  this,  the  proportion  of  ethylic  tartrate  was 
still  further  exaggerated,  95  grams  to  15  grams  of  orthotoluyl  chloride 
being  employed.     The  oil  obtained  as  in  the  third  and  fourth  prepara- 
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tions  gave  a  slightly  greater  positive  rotation  than  in  the  fourth 
preparation,  thus 

ai,=  +4-83°,  ^-20°,  ^  =  49-92  mm., 

showing  that,  in  all  probability,  it  was  richer  in  the  monotoluyl 
compound  than  any  of  the  previous  ones. 

After  about  seven  weeks,  this  fifth  preparation  solidified,  whilst  no 
crystals  had  appeared  in  the  others,  although  they  were  considerably 
older.  The  previous  preparations  were  now  sown  with  crystals,  and 
after  about  three  days  the  fourth  solidified,  whilst  after  thirty  days  the 
third  had  only  partially  done  so,  and  in  the  second  only  a  very  slight 
propagation  of  the  crystallisation  was  observable. 

The  fifth  preparation  was  further  treated  as  follows.  After  being 
spread  for  three  days  on  biscuit  porcelain,  it  had  assumed  a  beautifully 
white  appearance,  and  now  exhibited  the  rotation 

aB=+602°,  t=WO°,  ;  =  49-85mm. 

The  solid  was  then  boiled  with  light  petroleum  (boiling  up  to  70°) 
suflicient  to  dissolve  only  about  one-half  of  it.  The  filtered  solution, 
on  cooling,  deposited  an  oil  ;  the  petroleum  was  then  evaporated,  the 
last  traces  being  removed  from  the  residual  oil  in  the  vacuum 
desiccator.     Its  rotation  was  found  to  be 

aD=  +6-03°,  «=  100°,  Z- 49-85  mm. 

The  part  which  had  not  dissolved  in  the  light  peti'oleum  had  a 
rotation 

aD=  +6-04°,  «=100°,  1  =  4:9-85  mm., 

showing    that    no    further    purification    had     been    effected    by    the 
treatment  with  petroleum. 

The  crystals  obtained  from  the  part  which  had  been  dissolved  in 
light  petroleum  melted  at  32  5°,  and  on  combustion  the  following 
results  were  obtained. 

0-3095  gave  0-6705  CO,  and  0  1735  HgO.     C  =  59-10;  H  =  6-23. 
Diethylic  mono-orthotoluyltartrate,  CjgH2oO-  requires  C  =  59-26  ; 
H  =  6-17  per  cent. 

The  fourth  preparation,  which,  as  stated  above,  had  also  solidified, 
was  very  gi^een,  but  after  being  spread  on  biscuit  porcelain  for  about 
ten  days  the  colour  had  entirely  disappeared.  It  was  now  dissolved  in 
ether,  the  solution  dried  with  potassium  carbonate,  and  after 
removing  the  ether  by  evapoi-ation,  the  rotation  was  found  to  be 

aj,  =  +  6-Or,  t  -  100°,  I  =  49-85  mm. 

The  substance  was  then  treated  with  an  insufficient  quantity  of  low 
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boiling  light  petroleum,  as  in  the  case  of  the  fifth  preparation,  and  the 
rotation  of  the  part  which  had  been  dissolved  in  the  petroleum  was 
found  to  be 

ai,=  +6-03^  <  =  100°,  /=  49-85  mm. 

As  the  rotation  of  these  two  diffei-ent  preparations  (four  and  five) 
was  thus  practically  identical  and  constant,  the  more  detailed  investi- 
gation of  the  rotation  was.  proceeded  with,  for  which  purpose  that 
portion  of  the  fifth  preparation  which  had  been  submitted  to  analysis 
as  above  was  employed. 


Rotation  of  Diethylic  Mono-orthotoluyltartrate. 
Temp'.  [  5 ].. 

+  12-08°        +93^ 


14° 

[a]D 

20 

21-5 

32-5 

65 

100 

136-5 

+  7-19 


0-4985  X  1-1935 
+  7-00 


0-4985  X  1-1880 

+  6-99  _,n.Qi 

0-4985  X  1-1872 


+  11-82*1      +91 
+  91 


+  6-89 


0-4985  X  1-1775 

+  6-40 
0-4985  X  M462 

+  6-03 
^0-4985  X  1-1115 

+  5-69 
0-4985x1-0749 


—  =  +11-74 
=  +11-20 
=  +10-88 
=  +10-62 


The  density  determinations  actually  made  were 


+  90 
+  84 
+  80 
+  76 


d  15°/4°=M933. 
(Z  8474°=  1-1270. 


(Z53°/4°=  1-1 5737. 
d  110-574°=  1-09965. 


Diethylic  Mono-metatoluyltartrate. 

First  Preparation. — Guided  by  the  experience  gained  in  the  case  of  the 
mono-orthotoluyltartrate,  we  employed  at  once  a  very  large  excess  of 
ethylic  tartrate,  of  which  70  grams  were  used  to  13  5  grams  of  meta- 
toluyl  chloride.  The  method  adopted  was  exactly  similar  to  that 
described  on  pp.  315  el  seq.,  and  on  evaporating  the  ether  a  solid  was  in 
this  case  also  obtained  ;  this  was  recrystallised  from  light  petroleum 
(b.  p.  70")  and  then  fractionally  dissolved  from  the  same  solvent.    The 

*  It  is  wortliy  of  note  that  etliylic  inono-monochloracetyl  tartrate,  which  h.ns 
recently  been  ohtainol  in  a  state  approaching  purity  (Perey  Frankland  and  Turnhull, 
Trans.,  189S,  73,  204),  possesses  ahnost  exactly  the  same  rotation,  [a]-"'=  +11 '44°. 
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tirst  two  fractions  had  a  melting  point  of  56°,  that  of  the  third  was 
somewhat  lower.  Tlie  crystals  melted  to  a  yellowish  liquid,  which, 
on  heating  to  100'^  in  the  polarimeter  tube,  became  so  blue  that  no 
readings  could  be  obtained.  The  substance  was,  therefore,  boiled  in 
alcoholic  solution  with  animal  charcoal,  after  which  it  was  recrystal- 
lised  from  light  peti-oleum.  On  heating  to  100°,  the  blue  colour  did 
not  appear,  but  the  liquid  was  deep  brown  instead.  It  was  again 
treated  with  animal  charcoal  as  before,  and  recrystallised  from  light 
petroleum,  the  melting  point  being  still  56°.     The  rotation  was 

ai,=  +6-91°,  t  =  lOO,  1  =  4:9-85  mm. 

On  recrystallisation  from  light  petroleum  in  two  fractions,  both  frac- 
tions were  again  found  to  have  the  same  rotation  as  above,  and 
on  combustion  the  following  results  were  obtained. 

0-3215  gave  06982  CO^  and  0-1784  H2O.     0  =  59-23;  H  =  6-16. 
Diethylic  monometatoluyltartrate,   C^qHoqOj.,  requires  0  =  59-26; 
H  =  6-17  per  cent. 

With  this  product,  then,  the  detailed  examination  of  the  rotatory 
power  was  proceeded  with. 


Rotation  of  DietJiylic  Monometatoluyltartrate. 


Temp. 
100° 

[«]o  = 

+  6-91 

=  +12-57° 
=  +13-63 
=  +13-59 
=  +13-28 
=  +11-92 

+  92° 
+  105 
+  104 
+  100 

+  85 

14-5 

0-4985  X  1-10295 
+  8-03 

20 

0-4985  X  1-1820 
+  7-96 

54 

0-4985x1-1760 
+  7-58 

136 

0-4985  X  1-1450 
+  6-35 

0-4985  X  1-0690 

The  density  determinations  actually  made  were 

(Z  53°/4°=  1-1452.         fn00°/4°=  1-10295.         (m9°/4°=  1-0846. 

In  order  to  make  sure  that  no  alteration  in  the  substance  had 
taken  place  by  raising  it  to  the  above  high  temperature,  the  rotation 
was  again  determined  at  100°  and  found  to  be  quite  unchanged. 

Second  Preparation. — In  this,  62  grams  of  ethylic  tartrate  and 
12  grams  of  metatoluyl  chloride  were  employed.  The  product  was 
purified  in  the  same   way  as  before,  being  finally  recrystallised  from 

Y  2 
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light    petroleum    until    of    constant    rotation,    which    proved    to    be 
practically  identical  with  that  obtained  above,  namely 

rair°= — "^^"^^ =  +  12-60°. 

^     -■  0-4985  X  1-10295 

Thus  in  the  above  series  of  four  mono-substituted  ethylic  tartrates 
of  the  three  isomeric  toluyl  compounds,  the  ortho-  has  the  lowest  and 
the  para-  the  highest  dextrorotation.  This  relationship  between  the 
isomeric  toluyl  groups  and  rotatory  power  is  similar  to  that  which  has 
already  been  found  by  one  of  us  (P.  Frankland  and  Wharton,  Trans., 
1896,  69,  1309  and  1583)  to  hold  good  in  the  case  of  the  ethylic  and 
methylic  ditoluyltartrates,  but  whilst  in  the  case  of  the  disabstituted 
tartrates  it  was  found  that  the  rotatory  effect  of  the  benzoyl  group 
was  intermediate  between  that  of  the  ortho-  and  meta-toluyl  groups 
respectively,  in  the  present  case  the  rotatory  effect  of  the  single 
benzoyl  group  is  greater  even  than  that  of  the  para-toluyl  group 
itself. 

This  position  of  the  benzoyl-compound  is,  therefore,  similar  to  that 
found  in  the  case  of  the  series  menthyl  phenylcarbamate,  and  of  the 
series  carbanilido-carvoxime,  the  rotations  of  which  in  chloroform 
solution  are  given  on  p.  308. 

It  was  thought  that  possibly  this  anomalous  position  of  the  mono- 
benzoyl  tartrate  might  be  due  to  its  having  either  a  greater  or  less 
association  factor  than  the  three  mono-toluyl  compounds,  and  with  a 
view  to  throwing  light  on  this  point,  the  four  substances  in  question 
were  submitted  to  molecular  weight  determination  by  the  cryoscopic 
method. 

Cryoscopic  Determinations  of  Molecular  Weight  of  Diethylic  Mono- 
henzoyl,  Monortho-toluyl,  Monometa-toluyl,  and  Monopara-toluyl 
Tartrates. 

Inasmuch  as  these  are  all  liydroxy-componnds,  the  solvent  naturally 
employed  was  glacial  acetic  acid. 

The  acetic  acid  used  had  a  melting  point  of  15-5°.  The  usual 
Beckmann  apparatus  was  used,  and  the  bath  was  kept  constant  at  1 2° 
by  means  of  water  which  was  made  to  run  through  a  metal  coil 
surrounded  with  iced  water.  Every  care  was  taken  to  prevent  access 
of  moisture  to  the  solvent  in  the  apparatus ;  the  cork  was  coated  with 
paraffin  and  the  stirrer  was  provided  with  a  drying  apparatus. 

The  following  results  were  obtained. 
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Diethylic  Mono-henzoyltartrate. 
iMolecular  weight  =  310. 


Grams 

Grams 

of 

of  sub- 

solvent. 

stance. 

I. 

11-949 

05120 

II. 

11-949 

0-7215 

III. 

11-949 

0-8370    ' 

Grams  of  sub- 

,  .       .       stance  to  100 

depression  A.  i 

J-  I  erams  solvent. 


Observed 


0-520° 

0-738 

0-881 


4-285 
6-038 
7-005 


Mol.  weight. 

100  X  grams  subst.  x  39 

grams  solvent  x  A 


321-4 
319-1 
310-0 


Diethylic  2Iono-paratoluyltartrate. 
Molecular  weight  =  324. 


I. 

II. 

III. 


Grams  of 
solvent. 


11-8185 
11-8185 
11-8185 


Grams  of 
substance. 


0-4353 
0-6503 

0-6978 


Observed 
depression  A. 


0-441° 
0-675 
0-748 


Grams  of  sub- 
stance to  100 
grams  solvent. 


3-683 
5-502 
5-904 


Mol. 
weii/ht. 


326 
318 
308 


Diethylic  Mono-metatoluyltartrate. 
Molecular  weight  =  324. 


I. 

II. 

III. 


Grams  of 
solvent. 


Grams  of 
substance. 


11-2642 
11-2642 
11-2642 


Observed 
depression  A. 


0-518° 
1  -063 
1-283 


Grams  of  sub- 
stance to  100 
grams  solvent. 


4-223 
8-705 
9-945 


Mol. 
weight. 


318-1 
319  4 
302-3 


Diethylic  Mono-orthotoluyltartrate. 
Molecular  weight  =  324. 


Grams  of 
solvent. 

Grams  of 
substance. 

Observed 
depression  A. 

Grams  of  sub- 
stance to  100 
grams  solvent. 

Mol. 
weight. 

I.            9-9767 

II.            9-9767 

III.    1       9-9767 

0-3737 
0-7289 
0-9092 

0-460° 

0-892 

1-100 

3-746 
7-306 
9-113 

317-6 
319-4 
323 
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The  above  cryoscopic  determinations  afford  little  or  no  evidence  of 
the  existence  of  associated  molecules  in  the  acetic  acid  solution,  or  at 
most  they  point  to  a  little  association  in  the  case  of  the  benzoyl 
compound. 

Rotation  of  Diethylic  Alono-henzoyl^  Mono-orthotohiyl,  Monometatoluyl, 
and  Mono-2i(iratoluyUartrates  in  Glacial  Acetic  Acid  Solution. 

The  rotation  of  the  four  substances  in  question  was  also  determined 
in  glacial  acetic  acid  solution,  two  different  concentrations  being  used 
in  each  case.     The  following  results  were  obtained. 

Rotation  of  Substances  in  Glacial  Acetic  Acid  Holntion. 


o 

u 

».2 

ce 
>    . 

5-    B 

c3 

■=? 

0  +3 

a  «>  c 

(U    0 

0    . 

'9  M 

"  a 
+.0 

0  2 

n  CO 

Density  of  sol 
at  temp,  ofobs 
tion  of  rotatio 

0  J 
0 

0 

PL,  OJ 
0 

a„. 

[a]n. 

Weigh 

"S 

0-' 

S.2 

US 

Diethylic  Monobenzo 

yltartrate. 

12-786 

0-837 

6-546 

1-058 

20° 

1-984    dcm. 

+ 1  -833° 

+  13-34"* 

15-7728 

0-7644 

4-846 

1-0576 

19-5 

1-984      ,, 

+  1-317 

+  12-95 

[a]20'=:  +20-86°  (on  fused  substance,  calculated). 
Diethylic  Mono-paratoluyltartraie. 


12-7920 
10-4688 

1-2804 
0-6656 

10-01 
6-36 

1-0593 
1-057 

22-5° 
21-25 

1  -0045  dcm. 
1-0045    „ 

+ 1  -69° 
+ 1  -02 

+  15-87° 
+  15-11 

[0]^"'=  +19*58°  (on  fused  substance,  calculated). 
Diethylic  Mono-metatoluyltartrate. 


8-4723 
7-9572 

0-7176 
0-4031 

8-47 
5-07 

1                          : 

1-056           19°           1-0045  dcm. 
1-0554        20            1-0045    „ 

+  0-74° 
+  0-40 

+  8-26° 
+  7-45 

[c 

»]*'°=  +13-59°  (on  fused  substance,  experimental). 
Diethylic  Mono-orthotoluyltartrate. 

9-0068 
7-6393 

1-2316 
0-6845 

13-67 
8-96 

1-066 
1-0603 

21° 

21 

1-0045  dcm. 

1-0045    ,, 

+  0-72° 
+  0-43 

+  4-92° 
+  4-51 

[< 

x]f-+l 

[-82   (on  fused  .substance,  exjierimi- 

,no          1-833x12-786 

^"  = „^„.r— .^r^„  =+13-34 

ilal). 

1-984  X  0-837  X  1-058 
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The  above  table  shows  that  all  four  substances  exhibit  very  con- 
siderably lower  specific  rotations  in  glacial  acetic  acid  solution  than 
in  the  fused  state,  and  in  all  cases  the  specific  rotation  increases  with 
the  concentration.  Inasmuch  as  all  four  substances  yielded  approxi- 
mately normal  molecular  weights  by  the  cryoscopic  method,  it  may 
reasonably  be  concluded  that  they  are  all  approximately  mono- 
molecular  in  glacial  acetic  acid  solution  for  the  concentrations  em- 
})loyed.  But  under  these  conditions  the  specific  rotation  of  the 
paratoluyl  was  found  to  be  greater  than  that  of  the  monobenzoyl 
compound,  so  that  the  order  of  the  rotations  in  solution  approximates 
more  to  that  already  found  by  one  of  us  for  the  corresponding  di-sub- 
stituted  tartrates;  but  even  in  solution,  the  monobenzoyl  compound 
has  a  higher  rotation  than  the  monometatoluyl  compound,  whilst  in 
the  case  of  the  di-substituted  tartrates  the  rotation  of  the  metatoluyl 
is  also  greater  than  that  of  the  benzoyl  compound. 

Assuming  the  change  in  specific  I'otation  to  be  uniform  with  in- 
creasing concentration,  the  rotation  for  a  concentration  of  100  per 
cent,  wovild  be 

[«]f  [«]f 

(calculated),     (fused  substance). 

Diethylic  mono-benzoyltartrate -H  34  78°  4-  20  '86° 

,,        mono-paratoluyltartrate     -t- 34*60  -1-19'58 

,,        mono-metatoluyltartiate   -l-30'06  -f-13'59 

,,        mon-ortbotoluyltartratu     -H2-43  +11'82 

Thus  only  in  the  case  of  the  ortho-compound  is  the  change  of 
rotation  over  the  experimental  range  of  concentration  such  as  to  give 
approximately  the  real  rotation  of  the  pure  substance  on  calculating 
for  a  concentration  of  100  per  cent.,  whilst  in  the  other  three  cases 
the  calculated  figure  is  greatly  in  excess  of  the  experimental  value 
obtained  with  the  pure  substance  in  the  liquid  state. 


Rotation  of  Diethylic  Mono-benzoyltartrate  in  Be 

nzene  Solution. 

ion. 

o 

<u.2 

•2^    . 

>    . 

-*-3 

s 

S  -iS 

S   a)   (3 

S  o 

o     . 

E3 

-oJ.S 

.n-^ 

P.J 

en   n 

-2  9 

^   to 

sity  of  s 
;emp.  of  o 
n  of  rotat 

o   * 
o 

o    ■„ 

Od. 

[aL. 

'i  ■ 

S  o 

a  -*-*  ..-1 

a 

a> 

5-0698 

0-3812 

7-519 

0-8929 

23-5° 

10045 

+  0-725° 

-fl0-75° 

4-6773 

0-4724 

10-10 

0-9033 

20 

1-0045 

4-0-762         +8-31 

Thvis  in  benzene  solution  the  rotation  is  not  only  less  than  in  the 
fused   state,  but  even  distinctly  inferior  to  that  exhibited  in  glacial 
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acetic  acid  solution.  In  benzene  solution,  association  is  much  more 
probable  than  in  glacial  acetic  acid,  so  that  in  the  case  of  diethylic 
mono-benzoyl tartrate,  association  would  appear  to  be  attended  with 
diminished  rotatory  power,  hence  the  high  rotation  of  this  compound 
in  the  pure  state  cannot  be  attributable  to  association. 

Molecular  Volume  of  the  Compounds. 

We  have  also  endeavoured  to  ascertain  whether  the  views  of  I. 
Traube  coucerning  the  relations  between  molecular  volume  and 
molecular  weight  are  capable  of  throwing  any  light  on  the  question  of 
molecular  aggregation  in  the  case  of  these  compounds.  According  to 
Traube,  the  molecular  volume  of  a  substance  can  be  calculated  from  a 
knowledge  of  its  molecular  formula  and  constitution,  the  molecular 
volume  being  the  sum  of  the  atomic  volumes  of  the  constituent  atoms 
together  with  a  co  volume  vfhxcYi  is  constant  for  all  individual  molecules 
at  a  given  temperature,  and  consequently  a  lower  experimental 
molecular  volume  than  the  calculated  would  point  to  aggregation.  In 
the  following  table  we  have  recorded  the  experimental  molecular 
volumes  and  the  corresponding  values  calculated  by  Traube's  formula 
for  the  several  monacidyl  substituted  tartrates  to  which  reference  has 
been  made  in  this  paper,  as  well  as  for  the  corresponding  diacidyl 
compounds  of  the  ethylic  and  methylic  series  previously  prepared  by 
one  of  us. 


Molecular  Volumes  at  15°. 

Calculated. 
Ethylic  inouobenzoyltartrate    248-8 

,,        luono-paratoluyltai'trate 264-9 

,,        mono-iiietatoluyltartrate     ...         ,, 

,,        mono-orthotoluyltartrate    ...         ,, 

Ethylic  dibenzoyltartrate 327-2 

di-paratoluyltartratb   359  4 

,,        diinctatoluyltartrate  ,, 

,,        diorthotoluyltartrate ,, 

•Mctliylic  dihnizoyltaitrate   295-0 


Experimental 
Mol.  wt.      ,.  , 


at  15" 

310 
1-2127 

=r 

255-6 

324 
1-1763 

- 

275-4 

324 
1-1794 

= 

274-7 

324 
1-1933 

- 

271-5 

414 
1-2018 

= 

344-5 

442 
1-1643 

= 

379-6 

442 
1-1661 

^ 

379  0 

442 
1-1821 

- 

373-9 

386 

307-5 

1-2554 
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Calculated. 
Methylic  di-paratoluyltavtrate 327-2 

,,         di-melatoliiyltartrate    ....         ,, 

,,         di-ortliotoliiyltaitrate  ,, 

Methylic  tartrate  13S'2 

Ethylic  tartrate 1704 


Experimental 

Mol.  \vt. 
^15" 

=  Mol.  vol. 

414 
1-2126 

=    341-4 

414 
1-2115 

=    341-7 

414 
1  -2329 

=    335-8 

178 
1-3333 

=    133  5 

206 

=    170  1 

1-2108 


lu  calculating  the  above  molecular  volumes,  the  following  formula 
has  been  employed. 

V,n  =  m\OC  +  nS-05 1/ + pi  0'  +  qW"  +  rGO"'  + 25-7 

fm,  n,  ]),  q,   and   r 

,  .  ,    ^,       ,       .        1  r  1     1         T  I  =the     number    of 

in  which  0  =  atomic  volume  or  hydroxylic  oxygen  | 

.w,  ,         ,.  J  atoms    of    the    re- 

0   =      ,,  „  carbonyhc        „       < 

^,„  , ,  ,  spective     elements 

0    =     „  ,,  ether  01- ester ,,       I   ^  . 

j  present      m       the 

molecule. 

25-7  =  "Covolume  "  or  molecular  constant,  further,  12-8  has  been 
deducted  for  each  benzene-ring  present  in  the  molecule  (I.  Traube, 
Ber.,  28,  413). 

From  the  above  figures  it  will  be  seen  that  the  experimental 
molecular  volumes  of  all  these  mon-acidyl  and  di-acidyl  compounds  are 
considerably  in  excess  of  those  calculated  by  Traube's  formula.  This 
is  not  improbably  due  to  the  large  number  of  atoms  of  oxygen  con- 
tained in  the  molecules  of  these  compounds  and  the  very  variable 
value  of  the  atomic  volume  of  this  element,  whilst  the  high  molecular 
weight  of  course  multiplies  any  error  there  may  be  in  the  atomic 
volumes  used.  Also,  since  the  results  for  the  diacidyl  are  less  in 
harmony  with  the  calculated  figures  than  those  for  the  monacidyl 
compounds,  there  is  not  improbably  some  error  in  the  constant  de- 
ducted for  a  benzene  ring.  It  is,  therefore,  not  possible  to  draw  any 
further  conclusions  from  these  figures  than  that  they  do  not  point  to 
association.  It  is,  however,  worthy  of  note  that  in  the  three  series  of 
isomeric  toluyl  compounds,  the  ortho-compound  has  in  each  case 
distinctly  the  lowest  experimental  molecular  volume  and  the  lowest 
rotation,  whilst  the  para-  and  meta-compounds  have  almost  identical 
molecular  volumes  (in  two  cases  the  para-  has  the  higher  and  in  the 
third  the  lower),  although  in  all  three  cases  the  para-  has  a  decidedly 
higher  rotation  [than  the  meta-compound.     On    the  other  hand,    the 
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calculated  and  experimental  values  for  cthylic  tartrate  are  almost 
identical,  whilst  the  experimental  molecular  volume  of  methylic 
tartrate  points  to  considerable  association. 

The  results  which  we  have  arrived  at  may  be  summarised  as 
follows. 

1.  The  mono-benzoyl  and  three  mono-toluyl  substitution  compounds 
of  ethylic  tartrate  are  all  dextrorotatory  like  the  ethylic  tartrate  from 
which  they  are  derived. 

2.  At  low  temperatures,  the  dextrorotation  is  in  all  cases  greater 
than  that  of  ethylic  tartrate,  whilst  already  at  100°  the  dextro- 
rotation of  ethylic  tartrate  exceeds  that  of  both  the  ortho-  and  the 
meta-toluyl  compounds. 

3.  In  the  fused  state,  the  mono-benzoyl  compound  has  the  highest 
and  the  mon-orthotoluyl  compound  the  lowest  dextrorotation,  the 
paratoluyl  has  a  higher  rotation  than  the  metatoluyl  compound. 

4.  In  glacial  acetic  acid  solution,  the  rotation  is  in  all  cases  very 
considerably  lower  than  in  the  fused  state,  biit  the  order  of  the 
rotatory  powers  is  only  in  so  far  changed  that  the  rotation  of  the 
mono-paratoluyl  is  greater  than  that  of  the  mono-benzoyl  compound. 
The  rotation  of  the  monobenzoyl  compound  in  benzene  is  still  lower 
than  in  acetic  acid,  and  as  association  is  more  probable  in  benzene 
than  in  acetic  acid,  it  follows  that  the  high  rotation  of  the  fused 
monobenzoyl  compound  itself  cannot  be  due  to  association. 

5.  The  molecular  w-eights  determined  by  the  cryoscopic  method  in 
glacial  acetic  acid  solution  are  in  all  cases  approximately  normal. 

6.  The  rotation  of  all  the  compounds  is  affected  by  temperature, 
increase  of  temperature  being  attended  in  every  case  with  diminution 
of  the  dextrorotation.  The  rotation  of  the  mono-benzoyl  and  mono- 
paratoluyl  compounds  is  more  sensitive  to  temperature  than  that  of 
the  meta-toluyl  and  ortho-toluyl  compounds. 

7.  The  change  in  rotation  effected  by  a  given  change  of  temperature 
is  much  less  in  the  case  of  these  mon-acidyl  than  in  that  of  the 
corresponding  di-acidyl  compounds  of  tartaric  acid,  but  the  absolute 
rotation  of  the  mon-acidyl  compounds  is  also  much  inferior  to  that  of 
the  corresponding  di-acidyl  compounds,  and  in  proportion  to  their 
absolute  rotation  the  temperature  sensitiveness  of  the  mon-acidyl  is 
not  very  different  and  in  some  cases  actually  greater  than  that  of  the 
corresjiondiug  di-acidyl  compounds. 

8.  Increase  of  temperature  raises  the  dextrorotation  of  methylic 
and  ethylic  tartrates,  it  diminishes  the  L'evorotation  of  the  di-benzoyl 
and  di-toluyl  derivatives,  whilst  it  diminishes  the  dextrorotation  of 
the  mono-benzoyl  and  mono-toluyl  derivatives  of  ethylic  tartrate. 

The  Irevorotation  of  the  di-acidyltartrates  in  question  is  conditioned 
by  the  aromatic  groups,  and  similarly  the  high  dextrorotation  of  the 
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;.  i.—Inpicncc  of  TemiKmtvre  on  (he  Specific  lio/Minn  of  Momhcnzoijt-,   Para-,   Mcta-, 

Ortho-monotoluyl  Ethylic  Tartrates. 
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Fig.   -1,— Influence  of  Tcmperatttrc  on  Molecular  Deviation  of  Monohensoyl-,   Para-,  Mcta-, 
and  Ortho-monotoluyl  Ethylic  Tartrates. 
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mon-acidyltartrates  is  conditioned  by  the  single  aromatic  group ;  in 
both  cases,  therefore,  the  influence  of  the  aromatic  groups  diminishes 
as  the  temperature  rises. 

9.  The  mon-acidyltartrates  melt  at  temperatures  which  are  in 
remarkable  proximity  to  the  melting  points  of  the  corresponding 
di-acidyltartrates  in  all  cases  in  which  the  latter  have  been  obtained 
in  the  solid  state,  thus 

Melting  Points. 

Methylic         Dibeuzoyl-         Di-^-toluyl-  Di-m-tohiyl-         Di-o-tohiyl- 

tartrate.  tartrate.  tartrate.  tartrate.  tartrate. 

48°  135-5=  88-5°  83°  56° 

Ethylic 
tartrate, 
liquid.  62-5°  92—93°  liquid.  liquid. 

Monobenzoyl-    Moiio-?j-tohiyl-    Jlono-ru-toluyl-    Mono-o-toluyl- 

tartrate.  tartrate.  tartrate.  tartrate. 

66-0— 66-5°  94°  56°  32  5° 

10.  The  rotatory  power  of  the  three  isomeric  mono-toluyltartrates 
follows  the  order  of  their  molecular  volumes,  the  same  relationship 
holds  good  in  the  case  of  the  three  ethylic  di-toluyltartrates,  whilst  in 
the  case  of  the  three  methylic  di-toluyltartrates  the  meta-  has  a  very 
slightly  greater  molecular  volume  than  the  para-compound,  although 
the  rotatory  power  of  the  latter  is  much  higher  than  that  of  the  former. 

11.  The  rotatory  power  of  these  raono-benzoyl-  and  mono-toluyl- 
tartrates is  very  similar  in  magnitude  to  that  of  the  corresponding 
mono-chloracetyltartrates,    approaching    identity    in    the    following 

cases. 

Ethylic  mono-trichloracetyltartrate  [«]n^^°=  -I- 17 '53° 

,,         mono-benzoyltartrate    .  [a]^8'^°= -H7'69 

,,         mono-monochloracetyltartrate [o]^8'^"=  +  17'S2 

,,         mono-monochloracetyltartrate ["■Yf   =+11 '44 

,,         mono-orthotoluyl  tartrate [«]d'°   =+11'82 

Whilst,  however,  the  dextrorotation  of  the  mono-chloracetyltar- 
trates increases  with  the  temperature,  that  of  the  mono-benzoyl-  and 
mono-toluyl-tartrates  diminishes  under  the  same  influence. 

1 2.  The  molecular  volumes  of  all  the  mon-acidyl-  and  di-acidyl- 
tartrates with  aromatic  acid  I'adicles  are  in  excess  of  the  values 
calculated  by  Traube's  formula,  and  would  thus  appear  not  to  be 
associated.  On  the  other  hand,  the  molecular  volume  of  ethylic 
tartrate  is  almost  identical  with  the  calculated  value,  whilst  the 
molecular  volume  of  methylic  tartrate  points  to  considerable  associa- 
tion, the  experimental  being  very  distinctly  inferior  to  the  calculated 
molecular  volume. 

Mason  University  College, 
Birmingham. 
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XXX 1 1. — Cis-  and  tvaua- Tetramethylene-{i  :  3)-dicar- 
hoxi/lic  Acids  and  the  Condensation  of  Formaldehyde 
with  Ethylic  Malonate. 

By  E.  Haworth  and  W.  H.  Perkin,  junr. 

In  a  communication  made  to  this  Society  some  time  since  by  one  of 
us  (Trans.,  1890,  57,  18),  it  was  shown  that  the  disodium  compound 
of  ethylic  butanetetracarboxylate  is  readily  acted  on  by  bromine  with 
the  formation  of  ethylic  tetramethylenetetracarboxylate, 

CH.,-  CNa(C00aH.).,  CH,-  C(COOCoH,), 

I      -  ^  ^     ^'^-     ,  -R,,  _      I      -    r  2     5/2     ,  9KraEr 

CHo-CNa(COOC2H5)2    +^'2-    CH^- C(COOC2lT5)2  +-^^^^^- 

From  this  ethereal  salt,  by  hydrolysis  and  elimination  of  two  mols. 
of  CO2  at  200°,  the  anhydride  of  tetramethylene-1  :  2-dicarboxylic  acid 
is  formed  thus. 

CH2-C(COOH)2   "   CH2-CH-CO'^^'^'^^^^2  +  "2^- 

A  subsequent  very  careful  examination"  of  this  synthesis  (Trans., 
1894,  65,  572)  enabled  us  to  show  that  the  tetramethylenedicarboxylic 
acid  (1  : 2)  formed  in  this  way  was,  like  hexahydrophthalic  acid, 
capable  of  existing  in  well-delined  cis-  and  ^vYms-modifications,  which 
may  be  represented  by  the  formulie, 

H     COOH  COOH   H 

CHg-  C  CH2-  C 

CHo-C  CH,-C 

/\  V\ 

H    COOH  H     COOH. 

rj.9-mo(lilicatioii.  (rans-modiftcntion. 

m.  p.  138°.  111.  p.  131°. 

The  cj.s-acid  readily  yields  an  anhydride  (melting  at  32°),  but  it 
was  not  found  possible  to  prepare  an  anhydride  of  the  trans-acid ;  if 
however,  the  <rans-acid  is  distilled,  it  yields  the  anhydride  of  the  cis- 
acid,  .and,  vice  versa,  the  c/s-acid  is  completely  converted  into  the  trans- 
acid  by  heating  with  hydrochloric  acid  at  180°.  It  is  evident  from 
this  method  of  formation  that  these  acids  are  tetramethylenedicarb. 
oxylic  acids,  and  their  properties  clearly  prove  that  their  isomerism  is 
due  to  storeocheniical  grounds,  and  not  to  a  difference  in  cheuiical 
structure. 

Tetrametliylene-\  :  W'licarlo.'yJic acid,  COOH •CH<^2^>CH -COOH, 
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isomeric  with  the  above  acids,  was  first  obtained  by  Markownikoff  and 
Krestownikoff  {Annalen,  1881,  208,  333)  by  the  hydrolysis  of  the 
ethereal  salt  which  is  formed  when  ethylic  a-chloropropiouate  is  heated 
with  dry  sodium  ethoxide. 

COOCaHj-CHCl-CHg  COOCoH.-CH — CH,      +2HC1 

CH,;CHC1-C00C2H.      "  "       CH,— CH-COOC^Ho 

This  beautifully  crystalline  substance,  which  was  called  paratetrylene- 
dicarboxylic  acid,  melts  at  170 — 171°,  and  yields  a  double  anhydride, 
C^H,,(CO'C.,H30)2,  when  its  silver  salt  is  treated  with  acetyl  chloride. 

When  this  anhydride  is  distilled,  it  undergoes  an  interesting  change, 

and  the  distillate  is  found  to  consist  of  a  new  anhydride,  C^Hg<\p^^O, 

which,  when  pure,  melts  at  49 — .50°,  and  on  ti'eatment  with  water 
yields  a  dibasic  acid,  C^Hg(C00H)2,  melting  at  138°. 

Markownikoff  supposes  that  these  changes  take  place  in  the  follow- 
ing way. 

CH,-CH-COOAc  CH./CH-CO  CH,-CH-COOH 

COOAc-Ch"-CHo  "^  CH.^CH-CO^^  "^  CH2-CH-C00H 

Anh3'dride,  m.  p.  49 — 50".  Acid,  m.  p.  138^ 

That  is  to  say,  he  assumes  that  the  tetramethylene-1  ;  3-dicarboxylic 
acid,  which  is  a  derivative  of  glutaric  acid,  has  tduring  this  process 
undergone  molecular  change,  and  become  converted  into  1  : 2-teti'a- 
methylenedicarboxylic  acid,  called  by  him  orthotetrylenedicarboxylic 
acid,  which  is  a  derivative  of  succinic  acid.  It  is  extremely  im- 
probable that  such  simple  reactions  would  bring  about  such  a  funda- 
mental change  of  composition,  and  Markownikoff's  interpretation  is 
clearly  shown  to  be   incorrect  when  the  substances  which  he  assumes 

CH./CH-CO.  CH/CH-COOH 

to  have  the  formulae  nTT".pTT.p/-i^C)  and  pTT".pfr.r<r)(-)TT  are  directly 

compared  with  the  compounds  having  these  constitutions  which  were 
obtained  by  us  in  the  way  described  at  the  commencement  of  this 
paper.  Thus,  for  example,  although  both  the  acids  melt  at  138°,  the  an- 
hydride of  ci"s-tetramethylene-l :  2-dicarboxylicacid  melts  at  32°,  whereas 
the  melting  joint  of  the  anhydride  of  Markownikoff's  acid  is  49 — 50°, 
and  there  are  many  other  ways  in  which  the  acids  differ,  as  will  be 
shown  in  detail  in  this  paper. 

In  Beilstein's  Handbuch  (vol.  I.,  pp.  717 — 718)  both  cz's-tetramethyl- 
ene-1  :  2-dicarboxylic  acid  and  Markownikoff's  acid  melting  at  138° 
are  represented  as  having  the  same  formula,  in  spite  of  their  being 
different  substances,  and  as  this  has  caused  considei'able  confusion 
in  the  chemistry   of  the  tetramethylene  compounds,   we    decided   to 
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investigate    Markownikoff's    acid    with    a    view    of    determining    its 
nature. 

If  we  examine  the  formula  of  tetramethylene-l  :  3-dicarboxylic  acid, 
it  is  at  once  apparent  that  this  acid,  like  the  corresponding  (1  :  2)  acid, 
should  be  capable  of  existing  in  the  following  two  stereoisomeric  forms. 

H    COOH  COOH    H 

c  c 


CH2   CH2  CH2   CH2 


c 

/\ 

H    COOH  H    COOH 

cis-modification.  <ra?is-modification. 

and  by  repeating  Markownikoff's  work  and  also  by  means  of  new  data, 
we  have,  as  we  think,  been  able  to  show  conclusively  that  the  isomerism 
of  the  ortho-  and  para-tetrylenedicarboxylic  acids  is  simply  due  to  the 
fact  that  they  are  the  cis-  and  <rans-modifications  of  1 :  S-tetramethylene- 
dicarhoxylic  acid.  We  found,  in  the  first  place,  that  the  ethereal  salt 
formed  by  the  action  of  sodium  ethoxide  on  ethylic  chloropropionate, 
on  hydrolysis,  gives  not  only  paratetrylenedicarboxylic  acid  melting  at 
171°,  but  also  an  acid  melting  at  133 — 135°,  which,  on  examination, 
proved  to  be  identical  with  orthotetrylenedicarboxylic  acid,  and  the 
presence  of  which,  in  the  product  of  hydrolysis,  seems  to  have  been 
overlooked  by  Markownikoff .  This  is  strong  evidence  in  favour  of  the 
acids  being  stereoisomeric,  as  it  is  quite  usual  to  find  the  cis-  and  trans- 
forms  produced  together  in  such  synthetical  experiments  as  those 
described  above.  Then,  again,  the  properties  of  the  two  acids  are  such 
as  are  commonly  shown  by  stereoisomeric  substances.  Thus,  pai'a- 
tetrylenedicarboxylic  acid,  like  irans-\  :  2-tetramethylenedicarboxylic 
acid,  does  not  yield  an  anhydride,  but  on  distillation  it  yields  the  anhy- 
dride of  orthotetrylenedicarboxylic  acid,  just  as  trans-\  :  2-tetramethyl- 
enedicarboxylic acid,  on  distillation,  is  converted  into  the  anhydride 
of  the  ci's-acid.  The  reverse  change,  that  is,  the  conversion  of  ortho- 
into  para-tetrylene  acid  by  heating  with  hydrochloric  acid  at  180°,  we 
have,  so  far,  not  been  able  to  accomplish,  since,  under  these  conditions, 
further  decomposition  of  the  product  evidently  occurs  with  formation 
of  syrupy  acids  which  we  have  not  further  investigated. 

l)uring  the  course  of  this  research,  we  were  led  to  again  investigate 
the  condensation  of  formaldehyde  with  ethylic  malonate,  in  the  hope 
that  in  this  way  a  method  might  be  devised  by  which  the  tetrylenic 
acids  could  be  obtained  with  nuicli  less  labour  and  in  much  better  yield 
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than  is  the  case  when  Markownikoff's  method  is  employed.  It  was 
conceivable  that  2  mols.  of  formaldehyde  might  readily  condense 
with  2  mols.  of  ethylic  malonate  according  to  the  scheme 

(COOC.3H,)2CH.    ^^^     CH.(COO02H5)2.= 

(UOOC2H5)2C<gg2>c(COOC,H5), 

yielding  ethylic  tetramethylene-1  :  1  :  3  :  3-tetracarboxylate.  From 
this  ethereal  salt,  by  hydrolysis  and  elimination  of  2  mols.  COg,  the 
tetrylenic  acids  would  be  produced  thus 

(COOH)2C<^^2>c(COOH),  =  C00H-CH<^|^2>CH-  COOH  +  2C0,, 

and,  as  will  be  shown  later,  it  was  actually  found  that  the  action  does 
to  some  extent  proceed  in  this  way,  but  unfortunately  the  yield  of 
tetrylenic  acid,  thus  obtained,  is  only  very  small. 

The  condensation  of  ethylic  malonate  with  formaldehyde  was  first 
investigated  by  one  of  us  in  1886  (Perkin,  £er.,  19,  1053),  acetic 
anhydride  being  employed  as  the  dehydrating  agent,  and  it  was  then 
shown  that  the  principal  product  of  the  reaction  was  ethylic  2Jropane- 
tetracarhoxylate, 

2(COOC,H5)2CH2  +  CH^O  =  (C00C^H5),CH-  CH^-  CH(COOC2H5)o  +  H,0. 

It  was,  however,  mentioned  that  a  small  quantity  of  an  oil,  boiling  at 
208 — 212°,  was  also  isolated,  which  on  analysis  gave  numbers  agreeing 
with  those  required  by  ethylic  methylenemalonate,  a  substance  which 
might  easily  have  resulted  from  the  condensation  of  1  mol.  of  ethylic 
malonate   with    1   mol.    of    formaldehyde    according  to  the  equation 

CHgO  +  CH2(CO0C^H5)2  =  CH^:  C(COOCoH5)^  +  R,0. 

In  1894  {Ber.,  27,  2345),  Knoevenagel  published  the  results  of  an 
investigation  on  the  condensation  of  ethylic  malonate  with  formalde- 
hyde in  the  presence  of  diethylamine  as  the  condensing  agent ;  in  this 
way  he  obtained  a  good  yield  of  ethylic  propanetetracarboxylate  which 
he  converted  into  glutaric  acid  by  hydrolysis  and  elimination  of 
2  mols.  COg.  Knoevenagel  makes  no  mention  of  any  previous 
paper  on  the  subject,  and  appears  to  be  ignorant  of  the  fact  that 
practically  the  whole  of  his  results,  including  the  preparation  of 
glutaric  acid,  had  been  described  in  detail  eight  years  previously 
(Perkin,  loc.  cit.). 

In  a  long  course  of  experiments  which  we  have  made  in  connection 
with  this  research  on  the  condensation  of  formaldehyde  with  ethylic 
malonate,  we  have  usually  employed   diethylamine   instead  of  acetic 

VOL.   LXXIII.  Z 


334  HAWORTH   AND   PERKIN  :    CIS-   AND   TRANS- 

anhydride  as  the  condensing  agent,  as  it  is  more  convenient  and  appears 
to  lead  to  the  same  products.  We  find  that,  under  the  conditions 
described  in  this  paper,  the  product  of  the  reaction  is  a  complicated 
mixture  containing 

Ethj/Uc  methjjlenemalonate,  {GOOC^^.f^'.^yS.^^ 
Elhylic  projyanetetracarhoxylate, 

(COOC2H6)2CH-  CH2-  CH(COOC2H5)2, 
Elhylic  telramelhylenetetracarhoxylate, 

and  other  substances  of  higher  boiling  point  which  are  at  present 
under  investigation. 

Elhylic  methylenemalonate  was  isolated  from  the  product  of  the 
reaction  in  the  form  of  a  polymeride  which  resembles  white  wax  in 
appearance,  and  melts  at  about  150°  ;  this  modification  we  have  named 
ethylic  paramethylenemalonate. 

This  remarkable  substance,  on  distillation,  is  decomposed  into  an  oil 
boiling  constantly  at  208 — 210°,  and  into  very  interesting  higher  boiling 
products  which  are  at  present  under  investigation.  The  numbers 
obtained  in  the  analysis  of  the  oil  boiling  at  208 — 210°  agree  exactly 
with  those  required  for  ethylic  methylenemalonate,  (COOC2H5)2CICH2, 
and  the  fact  that  it  boils  only  a  few  degrees  higher  than  ethylic 
malonate  (b.  p.  198°),  proves  that  it  must  have  this  simple  composition. 
If  the  oil,  directly  after  distillation,  is  dissolved  in  chloroform  and  the 
well-cooled  solution  treated  with  bromine,  the  halogen  is  instantaneously 
absorbed  with  formation  of  ethylic  a/3-dibromethane-aa-dicarboxylate> 
(COOC2Hj,)2CBr-CH2Br. 

If,  however,  the  fraction  208 — 210°  is  allowed  to  stand  for  24  hours, 
at  first  sight  no  change  appears  to  have  taken  place,  but  on  closer 
examination  it  is  seen  that  the  oil  has  become  converted  into  a  hard 
and  perfectly  transparent  polymeride,  which  melts,  although  not 
sharply,  at  a  very  high  temperature  and  is  quite  different  from  the 
para-polymeride ;  this  modification  we  have  named  ethylic  meta- 
raethylenemalonate.* 

We  have  no  doubt  that  the  substance  boiling  at  208 — 212°,  which 
was  described  and  analysed  in  the  first  research  on  this  subject 
{loc.  cit.,  p.  1054),  was  ethylic  methylenemalonate.  The  fact  that  it 
polymerised  on  standing  in  the  way  it  does  was  at  the  time  overlooked. 

Ethylic  paramethylenemalonate  behaves  in  a  remarkable  way  when 

*  For  want  of  a  better  system  of  nomenclature,  we  have  used  the  prefixes  para 
and  meta  hero  in  the  same  sense  as  they  are  used  in  paraldehyde  and  metaldehyde, 
and  it  appears  to  lis  that  in  doin^  so  there  is  very  little  danger  of  these  names  being 
confused  with  para-  and  meta-compouuds  in  the  aromatic  series. 
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hydrolysecl  with  alcoholic  potash,  as  under  these  conditions  it  yields 
ct's-tetramethylene-l  :  3-dicarboxylic  acid,  but  it  is  nevertheless  not  the 
ethereal  salt  of  this  acid,  since  this  substance,  which  we  obtained  in 
quantity  by  the  action  of  sodium  ethoxide  on  ethylic  chloropropionate, 
is  a  colourless  oil  which  distils  without  decomposition  and  shows  no 
signs  of  polymerising.  During  the  covirse  of  our  experiments  on  the 
polymeric  forms  of  ethylic  methylenemalonate,  many  attempts  were 
made  to  determine  the  molecular  weights  of  these  polymerides  by 
means  of  the  cryoscopic  method,  using  acetic  acid  as  a  solvent ;  but 
the  resvilts  obtained  were  most  unsatisfactory,  and  the  same  want  of 
success  attended  all  our  attempts  to  detei'mine  the  vapour  density  of 
the  polymerides  in  a  vacuum. 

The  ethylic  paramethylenemalonate  described  in  this  paper  is  pro- 
bably identical  with  a  polymeric  form  of  ethylic  methylenemalonate, 
which  Zelinsky  {Ber.,  1889,  22,  3294)  obtained  by  the  action  of 
methylene  iodide  on  the  sodium  derivative  of  ethylic  malonate,  and 
which  he  describes  as  having  properties  like  paraffin  wax  and  melting 
at  155 — 156°.  The  molecular  weight  of  this  substance,  which 
Zelinsky  determined  in  acetic  acid  solution  by  the  cryoscopic  method, 
gave  results  agreeing  closely  with  those  required  by  the  formula 
[(COOC.,TT5)oCICH2]2,  and  this  chemist  noticed  that  the  polymeride, 
on  distillation,  yielded  an  oil  boiling  between  120°  and  210°,  from 
which,  by  the  action  of  bromine,  he  obtained  a  dibromide  boiling  at 
185 — 190°  (75 — 85  mm.),  and  having  approximately  the  composition 
CgHjgBrgO^,  that  is,  that  of  ethylic  dibromethanedicarboxylate. 

When  the  product  of  the  condensation  of  formaldehyde  with  ethylic 
malonate  is  distilled  under  reduced  pressure,  an  oil  is  obtained  boiling 
at  250—300°  (40  mtn.) ;  that  this  oil  contains  ethylic  1:1:3:  3-tetra- 
methylenetetracarboxylate  appears  to  us  to  be  proved  by  the  fact  that, 
in  hydrolysis,  it  yields  an  oily  acid,  from  which,  by  treatment  in  the 
manner  described  in  detail  in  the  experimental  part  of  this  paper, 
cis-\  :  3-tetramethylenedicarboxylic  acid  was  isolated  in  quantity 
sufficient  for  analysis  and  identification. 

Besides  ethylic  tetramethylenetetracarboxylate,  there  are  other 
substances  of  interest  produced  during  the  condensation  of  formalde- 
hyde with  ethylic  malonate;  these  are  at  present  under  examination, 
and  we  are  also  engaged  in  an  investigation  of  the  products  formed 
when  methylene  iodide  acts  on  the  disodium  compound  of  ethylic 
propanetetracarboxylate. 


z  2 
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Action  of  Sodium  Ethylate  c/n  Ethylic  a-Chlorop'opionafe.  Formation  of 
Cis-  and  TLra,ixs-Tetramethylene-\  :  Z-dicarhoxylic  Acids. 

In  oui-  lirst  experiments  on  this  reaction,  we  followed  closely  the 
method  given  by  Markownikoff  (Annalen,  1881,  208,  334) ;  subse- 
f|uently,  however,  we  introduced  some  modifications  of  importance, 
which  enabled  us  to  prove  that  the  product  of  the  reaction  contained 
the  ethylic  salts  of  both  ths  cis-  and  ira?is-tetramethyIenedicarbosylic 
anids,  and  not  only  that  of  the  latter,  as  Markownikoff  seems  to 
indicate. 

Ethylic  a-chloropropionate  (45  grams)  was  heated  in  an  oil  bath  to 
about  60 — 70°  in  a  flask  which  was  connected  by  means  of  a  cork  and 
bent  tube  to  a  small  condenser;  and  dry*  sodium  ethoxide  (containing 
7  "5  grams  of  sodium)  was  added  in  small  quantities  at  a  time,  a 
stream  of  dry  hydrogen  being  passed  continuously  through  the 
apparatus  during  the  operation.  As  each  small  quantity  of  sodium 
ethoxide  was  added,  a  vigorous  action  took  place,  the  temperature 
rising  to  the  point  of  ebullition,  but  the  process  was  carefully  regulated 
so  that  only  traces  of  ethylic  chloropropionate  distilled  over.  During 
tbe  progress  of  the  decomposition,  it  was  found  advantageous  to  raise 
the  temperature  of  the  oil  bath  once  or  twice  to  100°  for  a  short  time, 
in  order  to  drive  off  as  much  as  possible  of  the  alcohol  which  had  been 
formed  during  the  reaction. 

After  all  the  sodium  ethylate  had  been  added,  the  temperature  was 
kt-pt  at  100°  for  about  half  an  hour;  the  mixture  was  then  cooled, 
decomposed  by  dilute  sulphuric  acid,  and  the  oily  products  extracted 
with  ether.  The  ethereal  solution,  washed  with  sodium  carbonate 
solution  and  with  water,  was  dried  over  calcium  chloride  and  evapo- 
rated, and  the  dark  brown,  oily  residue  distilled  under  the  ordinary 
pressure  until  the  temperature  rose  to  200°.  The  residue  was  then 
distilled  under  reduced  pressure,  and  after  two  fractionations  a  good 
deal  of  oil  was  obtained  boiling  between  173°  and  178°  (110  mm.). 

The  yield  of  this  oil,  which  on  examination  was  found  to  consist  of 
the  mixed  ethylic  salts  of  cis-  and  ^ra?is-tetramethylenedicarboxylic 
;i(iils,  was  only  10  per  cent,  of  the  ethylic  chloropropionate  employed, 
;iud  this  led  us  to  make  experiments  on  the  action  of  sodium  ethoxide 
on  ethylic  a-bromopropionate,  as  it  .seemed  likely  that  the  decom- 
position would  take  place  more  readily  in  this  case.  The  results 
of  these  experiments  showed,  however,  that  although  the  i-eaction 
proceeded  in  the  same  way,  the  yield  of  ethylic  tetramethylene- 
dicarboxylate   was   even  less  than  in  the  case  of  the  ethylic  chloro- 

"  This  was  freed  as  far  as  possible  from  alcohol  by  heating  at  200°  in  a  stream  of 
fliy  liydrogen. 
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propionate,  the  actual  amount  obtained  being  never  more  than  5  per 
cent,  of  the  ethylic  bromopropionate  employed. 

The  crude  ethylic  tetramethylenedicarboxylate,  boiling  at  173 — 178' 
(110  mm.),  was  dissolved  in  methylic  alcohol  and  hydrolysed  by  boil- 
ing with  potash  in  a  reflux  apparatus  for  2  hours  ;  tlie  dark-coloured 
product  was  then  mixed  with  water,  and  the  solution  evaporated  on 
the  water  bath,  with  the  frequent  addition  of  small  quantities  of 
water,  until  every  trace  of  methylic  alcohol  had  been  removed. 

The  concentrated  solution,  acidified  with  hydrochloric  acid,  was 
extracted  many  times  with  pure  ether ;  and  the  ethereal  solution  of 
the  mixed  acids,  after  being  dried  over  calcium  chloride,  was  filtered 
and  evaporated,  and  the  oily  residue  placed  over  sulphuric  acid  in  a 
vacuum  desiccator.  As  this  residue,  even  on  long  standing,  only 
partially  crystallised,  it  was  dissolved  in  a  little  water  and  the 
solution  saturated  with  hydrogen  chloride,  when  crystals  gradually 
separated.  These  were  collected,  washed  with  hydrochloric  acid,  and 
dried  at  100°;  they  then  melted  at  166—169°,  but  on  subsequently 
recrystallising  from  hydrochloric  acid,  the  melting  point  rose  to 
170 — 171°.  This  beautiful,  colourless,  crystalline  acid  gave  the  follow- 
ing results  on  analysis. 

0-1490  gave  0-2720  CO.  and  0-0736  H,0.    C  =  49-79  ;  H  =  5-49. 
C4H6(COOH)^,  requires  C  =  50-00;  H  =  5-55  per  cent. 

This  acid  is  tvsin?,-tetramethylene-\  :  3-dicarboxi/lic  acid,  identical  with 
the  acid  of  the  same  melting  point  obtained  by  Markownikoff,  and 
called  by  him  paratetrylenedicarboxylic  acid  or  homoitaconic  acid. 


Cis-tetramethylenedicarboxylic  acid,  COOH-CH<^^2>CH-0OOH. 

So  far  as  we  have  been  able  to  discover,  Markownikoff  did  not 
examine  the  mother  liquors  fi'om  the  crystallisation  of  ^?-ans-tetra- 
methylenedicarboxylic  acid  (see  previous  section) ;  as,  however,  it 
seemed  probable  that  these  might  contain  the  cis-acid,  we  subjected 
them  to  careful  investigation.  The  combined  hydrochloric  acid 
liquors  from  a  long  series  of  experiments  were  filtered,  evaporated 
to  a  small  bulk  on  the  water  bath,  and  the  residue  placed  over  solid 
potash  in  a  vacuum;  after  some  time,  crystals  began  to  form,  and  during 
some  months  these  gradually  increased  until  the  whole  had  assumed 
a  pasty  consistency.  The  mass,  spread  on  porous  porcelain,  was  left 
for  some  weeks  until  the  mother  liquor  had  been  entirely  absorbed, 
and  the  crystals  were  then  dissolved  in  water,  the  solution  boiled  with 
pure  animal  charcoal,  filtered,  and  saturated  with  gaseous  hydrogen 
chloride.      As  the  solution  did  not  deposit  crystals  on  standing,  it  was 
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placed  over  solid  potash  in  a  vacuum  desiccator  and  allowed  to  con- 
centrate gradually  when  after  some  days  crystals  separated,  which  were 
collected  and  drained  on  porous  porcelain.  As  these  ci-ystals,  dried 
at  100"^,  melted  not  very  sharply  at  128 — 133°,  they  were  re- 
crystallised,  the  operation  being  carried  out  exactly  as  before,  except 
that  the  first  few  ci-ystals,  which  it  was  thought  might  contain  traces 
of  the  trans-3icid,  were  neglected. 

In  this  way,  colourless  crystals  were  obtained  which  melted  at 
129—133°,  and  on  analysis  gave  the  following  numbers. 

0-1380  gave  0-2497  C0._,  and  0-0704  11,0.    C  =  49-34  ;  H  =  5-67. 
C4H,;(COOH)2  requires  0  =  50-0";  H  =  5-55  per  cent. 

Although  the  melting  point  of  this  acid  was  somewhat  low,  the 
examination  of  its  properties  clearly  indicated  that  it  was  cis-tetra- 
methylenedicarboxylic  acid,  which,  according  to  Markownikoff,  when 
perfectly  pure  melts  at  138 — 139°.  In  order  to  be  quite  sure  of  this 
identity,  the  acid  was  digested  for  half  an  hour  with  excess  of  acetyl 
chloride,  and  the  solution  allowed  to  evaporate  slowly  over  potash  ;  the 
mass  of  beautiful,  needle-shaped  crystals  thus  obtained,  after  being 
drained  on  a  plate,  melted  at  50 — 51°,  and  consisted  of  pure  c/s-tetra- 
methylenedicarboxylic  anhydride. 

01210  gave  0-2529  CO2  and  0-0534  H2O.    0  =  57-01  ;  H  =  4-90. 
OJiol^oOg)  requires  0  =  57-14;  H  =  4-76  per  cent. 

This  anhydride  was  reconverted  into  the  acid,  which  then  melted  at 
135—136°. 

Action  0/  Acetic  Anhydride  on  tva,nB-Tetramethylene-\  :  3-dicarboxylic 

Acid. 

Two  experiments  on  the  action  of  acetic  anhydride  on  irans-tetra- 
methylene-1  : 3-dicarboxylic  acid  were  made,  with  the  following  results. 

(1)  Two  grams  of  the  pure  acid  were  warmed  with  a  large  excess  of 
.acetic  anhydride  until  it  just  dissolved.  The  solution  was  then  placed 
in  a  desiccator  containing  caustic  potash  and  allowed  to  evaporate  in 
a  vacuum. 

(2)  A  similar  solution  of  the  acid  in  acetic  anhydride  was  boiled  in 
a  reflux  appax-.atus  for  G  hours,  and  the  solution  then  evaporated  over 
caustic  potash  in  a  vacuum. 

The  product  of  both  experiments  was  a  thick  syrup,  which  only 
showed  signs  of  crystallising  after  being  kept  for  several  weeks.  Both 
products  had  the  same  composition,  and  consisted  of  a  double  anhydride 
of  acetic  and  <;-rt/is-tetramethylene(licarboxylic  .acids,  as  is  shown  by  the 
following  analyses  and  experiments. 
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(1)  0-1456  gave  0-0697  H.p  and  0-2807  CO,.     0  =  52-58  ;  H  =  5-32. 
(2)0-1500     „     0-0730  H,0    „    0-2895  CO.^.     C  =  52-64  ;  H  =  5-40. 
C^H^i(C0./CoH30).,  requires  0  =  52-63  ;  H  =  5-26  per  cexii. 

Both  products  dissolved  in  boiling  water,  and  on  cooling  the  solutions, 
crystals  of  ^r«»is-tetramethylenedicarboxylic  acid  melting  between  170'' 
and  171°  were  deposited.  The  presence  of  the  acetyl  groups  was  proved 
in  the  following  manner.  The  syrup  was  warmed  with  a  solution  of 
sodium  carbonate,  and  the  liquid,  after  being  acidified  with  dilute  sul- 
phuric acid,  was  submitted  to  steam  distillation  until  the  distillate  was 
no  longer  acid.  The  distillate,  when  neutralised  with  barium  carbonate, 
gave  a  red  coloration  with  ferric  chloride,  changing  to  a  brown  pre- 
cipitate on  boiling.  The  solution  of  the  barium  salt  was  concentrated, 
and  the  sparingly  soluble  silver  salt  obtained  from  it  was  analysed, 
when  it  gave  numbers  corresponding  with  those  required  for  silver 
acetate,  CH./  COOAg. 

Found  0  =  14-19;  H=l-97;  Ag  64-59. 

Theory  C  =  14-37;  H=l-79;  Ag  64-66  per  cent. 

The  results  of  these  experiments  confirm  Markownikoff's  statement 
that  ^rfms-tetramethylenedicarboxylic  acid  (paratetrylenedicarboxylic 
acid)  is  converted  into  a  double  anhydride,  C^Hg(G0.202H30)2,  when  its 
silver  salt  is  treated  with  acetyl  chloride. 

Condensation  of  Formaldehyde  with  Ethylic  Malonate. 

As  was  mentioned  in  the  introduction,  the  condensation  of  formalde- 
hyde with  ethylic  malonate  was  first  investigated  by  one  of  us  in  1886 
{Ber.,  19,  1053),  with  the  result  that,  besides  ethylic  propanetetracarb- 
oxylate,  (COOC2H5)2-OH-CH2-CH(C0002H5)2,  a  small  quantity  of  an 
oil  was  obtained  which  boiled  at  208 — 212°,  and  on  analysis  gave 
numbers  agreeing  with  the  formula  of  ethylic  methylenemalonate, 
OH2lC(COOC2H5)2.  It  was  stated  at  the  time  that  the  experiments 
were  to  be  continued,  and  as  we  required  ethylic  propanetetracarboxylate 
for  our  synthetical  work  in  the  course  of  this  research,  we  used  the 
opportunity  for  investigating  the  condensation  of  formaldehyde  and 
ethylic  malonate  in  more  detail  than  had  previously  been  done. 

In  the  first  experiments,  acetic  anhydride  was  used  as  the  condensing 
agent,  but  on  this  occasion  we  have  usually  employed  diethylamine, 
as  we  found  that  this  base,  which  has  been  recommended  by  Knoe- 
venagel  {Ber.,  1894,  27,  2345)  for  this  purpose,  is  more  convenient  in 
working  with  lax'ge  quantities. 

Ethylic  malonate  (160  grams)  is  mixed  with  a  40  per  cent,  solution 
of  formaldehyde  (60  grams)  and  alcohol  added  until  the  solution  be- 
comes clear ;  the  mixture  is  allowed  to  stand  at  the  ordinary  tempera- 
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tiire  for  12  hours,  and  then  heated  on  the  water  bath  for  2  hours  in  a 
reflux  apparatus.  After  cooling,  about  three  times  the  volume  of  ether 
is  added,  the  ethereal  solution  washed  first  with  a  solution  of  sodium 
carbonate,  then  with  water,  dried  over  calcium  chloride,  the  ether 
evaporated,  and  the  residual  oil  repeatedly  fractionated  under  reduced 
pressure,  the  fractions  collected  being  the  following. 

I.   130—190°  (70  mm.).  II.  210—230='  (40  mm.). 

III.  250—300°  (40  mm.). 

Tliese  were  then  further  investigated  as  described  in  the  following 
.sections. 

Ethylic  Methylenemalonate,  CH2lC(COOC2H5)2. 

The  oil  obtained  by  the  condensation  of  formaldehyde  with  ethylic 
malonate  as  described  in  the  previous  section,  and  boiling  at  130 — 190° 
(70  mm.),  was  distilled  under  the  ordinary  pressure,  when  it  showed 
the  following  behaviour.  The  liquid  began  to  boil  at  190°,  and  a  small 
quantity  of  oil,  consisting  possibly  of  unchanged  ethylic  malonate, 
passed  over  between  this  and  200° ;  the  temperature  then  rose  rapidly 
to  205°,  about  half  the  oil  distilling  between  this  and  215°.  As  the 
remainder  of  the  oil  proved  to  have  a  very  high  boiling  point,  the 
distillation  was  continued  under  reduced  pressure,  and  in  this  way 
large  fractions  were  obtained  boiling  at  210—230°  and  250—300° 
under  a  pressure  of  40  mm. ;  these  were  added  to  the  similar 
fractions  obtained  as  described  in  the  previous  section.  This  behaviour 
appears  to  indicate  that  during  distillation  under  the  ordinary 
pressure  condensation  must  take  place  between  some  of  the  constituents 
of  the  oil,  and  this  was  subsequently  proved  to  be  the  case. 

On  standing  for  some  days,  the  fraction  boiling  at  200 — 212°,  under 
ordinary  pressure,  solidified  almost  completely  to  a  hard,  wax-like 
mass  ;  this  was  ground  up,  left  in  contact  with  porous  porcelain  for 
some  days,  and  then  washed  with  light  petroleum,  in  which  it  is  in- 
soluble, in  order  to  remove  any  traces  of  oily  impurity.  The  residue, 
which  in  appearance  closely  resembles  paraffin  wax,  gave  on  analysis 
the  following  results. 

0-1218  gave  0-2460  CO^  and  0-0786  H.,0.     C  =  55-08  ;  H  =  7-17. 
0-1620     „     0-3318  CO2    „    0-1000  h',0.     C  =  55-80  ;  H  =  6-86. 
0-1456     „     0-2980  CO2    „    00917  HgO.     C  =  55-82 ;  H  =  7-01. 
Cn,:C(COOC2H5)2  requires  C  =  55-81  ;  H  =  6-98  per  cent. 

This  substance,  which  we  propose  to  call  ;>rtrrt-ethylic  methylene- 
malonate,  is  a  polymeric  form  of  ethylic  methylenemalonate  and 
evidently  identical  with  the  substance  which  Zelinsky  {Ber.,  1889,  22, 
3294)  obtained  by  the  action  of  methylene  iodide  on  the  sodium 
derivative  of  ethylic  malonate. 
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When  heated  in  a  capillary  tube,  it  begins  to  melt  at  about  146° 
and  is  completely  melted  at  150°,  whilst  at  a  somewhat  higher  tem- 
perature gas  begins  to  be  evolved,  the  decomposition  being  rapid  at 
200°.  The  polymeride  is  very  sparingly  soluble  in  alcohol,  ether, 
light  petroleum,  and  benzene,  but  dissolves  moderately  readily  in  warm 
acetic  acid,  and  owing  to  this  we  made  several  attempts  to  determine 
its  molecular  weight  by  Raoult's  method,  but  the  results  were  very 
unsatisfactory,  as,  although  in  two  experiments  values  were  obtained 
which  seemed  to  indicate  that  the  substance  had  the  formula 
2CHo'C(C00C.,H-).,,  the  results  were  not  constant,  much  higher  values 
being  obtained  in  some  experiments  than  in  others. 

The  polymeride  of  ethylic  methylenemalonate  prepared  by  Zelinsky, 
melted  at  155 — 156°  and  had  properties  similar  to  those  of  the  sub- 
stance described  above ;  in  one  experiment,  using  acetic  acid  as  the 
solvent,  Zelinsky  obtained  numbers  for  the  depression  of  the  freezing 
point  which  led  him  to  conclude  that  the  polymeride  had  the  formula 
2CH2lC(COOC2H5).„  but  when  the  insolubility  of  the  substance  and 
its  general  properties  are  taken  into  account  it  appears  to  us  that  it 
must  have  a  very  much  higher  molecular  weight. 

Distillation  of  Fara-Ethylic  Methylenemalonate.     Formation  of  Ethylic 
Methylenemalonate  and  its  Meta- Polymeride. 

When  heated  cautiously  in  a  small  distillation  flask  with  a  naked 
flame,  para-ethylic  methylenemalonate  first  melts  and  then  decomposes 
with  effervescence  and  evolution  of  a  vapour  possessing  a  very  pungent 
and  penetrating  smell,  something  like  that  of  formaldehyde.  On 
heating  more  strongly,  distillation  soon  commences  and  nearly  the 
whole  passes  over  between  205°  and  250°  as  a  pale  yellow  oil,  but  a 
small  quantity  of  an  oil  of  higher  boiling  point  and  some  carbonaceous 
matter  remains  in  the  distillation  flask. 

On  refractioning  the  distillate,  about  one-fourth  distilled  between 
205°  and  215°,  and  from  this,  on  again  fractioning,  a  considerable 
quantity  of  a  colourless,  pungent  oil  passed  over  constantly  at 
208 — 210°.*     This,  on  analysis,  gave  the  following  numbers. 

0-1601  gave  0-3268  CO,  and  0-1010  H,0.     0  =  55-70;  H  =  7-01. 
CH2:C(OOOOoH5)/requires  0  =  55-81  ;  H  =  6-98  per  cent. 

As  this  oil  boils  at  a  temperature  only  slightly  higher  than  ethylic 
malonate  (b.  p.  198°),  it  is  clear  that  it  consists  of  ethylic  methylene- 
malonate and   is   not  a  polymeride  ;  this   view  is  borne   out   by  the 

*  This  oil  is  obviously  identical  with  the  substance  (b.  p.  208 — 212°)  previously 
isolated  by  one  of  us  {Ber.,  1886,  19,  1053)  from  the  products  of  the  condensa- 
tion of  ethylic  malonate  with  formaldehyde  in  the  presence  of  acetic  anhydride  ; 
the  analysis  of  this  oil  gave  C  =  55'40  ;  H=  7-31  per  cent. 
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general  properties  of  the  substance.  It  is  readily  soluble  in  the  usual 
organic  solvents  and  its  solution  in  chloroform  decolorises  bromine 
without  the  evolution  of  hydrogen  bromide.  In  order  to  investigate 
this  action,  about  1  gram  of  the  pure  substances  was,  directly  after 
distillation,  dissolved  in  chloroform,  cooled  well,  and  a  solution  of 
bromine  in  chloroform  run  in  until  the  colour  just  remained  permanent. 
The  chloroform  was  then  removed  by  passing  a  current  of  dry  air,  and 
the  residual  oil  analysed  with  the  following  result. 

0-2120  gave  0-2450  AgBr.     Br  =  49-19. 

CgH^.^BfoO^  requires  Br  =  48-19  per  cent. 

These  numbers  agree  sufficiently  well  to  show  that  the  ethylic 
methylenemalonate  has,  during  this  reaction,  united  with  2  atoms 
of  bromine  with  formation  of  ethylic  a(3-dibromoethane-aa-dicarbox7/late, 
and  it  is  our  intention  to  prepare  this  compound  in  larger  quantities 
in  order  to  examine  its  properties  in  detail. 

When  ethylic  methylenemalonate  boiling  at  208 — 210°  is  kept,  it 
rapidly  polymerises,  undergoing  hardly  any  change  in  appeai-ance,  and  in 
24  hours  it  is  completely  converted  into  a  hard,  perfectly  transparent 
polymeride,  which  is  quite  different  in  properties  from  the  opaque, 
waxy-like  ^x«-a-ethylic  methylenemalonate  :  for  this  new  polymeride  we 
propose  the  name  meta-ethi/lic  methyl enemalonate. 

This  polymeride  is  very  like  horn  in  consistency,  being  very  difficult 
to  break,  although  it  can  be  cut  into  shavings  with  a  knife ;  it  is  very 
sparingly  soluble  in  the  usual  solvents,  and  when  heated  in  a  capillary 
tube  it  sinters  at  about  225°,  and  between  240°  and  250°  the  soft  mass 
gives  off  gas  and  decomposes  without  any  definite  melting  point  being 
observable. 

When  a  small  piece  is  heated  in  a  test  tube,  it  becomes  soft  and 
gives  off  a  pungent  gas  smelling  like  formaldehyde,  the  soft  mass  then 
suddenly  melts  and  decomposes  rapidly,  nearly  the  whole  distilling  as 
a  colourless  oil,  and  leaving  only  a  trace  of  carbonaceous  residue. 
We  propose  to  carefully  investigate  the  products  of  high  boiling  point 
which  are  formed  in  the  distillation  of  both  the  para-  and  vieta- 
polymerides  of  ethylic  methylenemalonate. 

In  his  experiments  on  ethylic  methylenemalonate,  Zelinsky  distilled 
the  7x<ra-polymoride  and  obtained  thus  an  oil  boiling  at  120 — 210° 
which  he  considered  to  contain  ethylic  methylenemalonate.  By  treat- 
ing this  fraction  with  bromine  and  subsequent  distillation,  he  isolated  an 
oil  boiling  at  185  — 190'  (at  75 — 85  mm.)  which,  on  analysi.s,  gave  num- 
bers agreeing  approximately  with  the  formula  CHoBr-CBr(COOC2H5)2. 
Found  Br  =  43-07  and  43-99.     Theory  Br  =  4819  per  cent. 
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Action  of  Alcoholic  Potash  on  Para-Ethylic  Methylenevialonate.  Formation 
of  cis-Tetraniethylene-1  :  S-dicarboxylic  Acid. 

In  order,  if  possible,  to  obtain  some  clue  to  the  nature  of  para- 
ethylic  methylenemalonate,  its  behaviour  towards  alcoholic  potash  was 
investigated. 

Ten  grams  of  the  polymeride  were  added  to  a  solution  of  20  grams  of 
potash  dissolved  in  ethylic  alcohol  and  the  mixture  boiled  in  a  reflux 
apparatus  for  2  hours ;  water  was  then  added,  the  clear  solution 
evaporated  to  dryness  on  a  water  bath,  to  remove  all  trace  of  alcohol, 
and  the  residue,  dissolved  in  a  little  water,  was  acidified  and  extracted 
repeatedly  with  ether;  the  ethereal  solution,  dried  over  calcium  chloride, 
was  then  evaporated,  and  the  residue  heated  at  180°  in  a  small  retort. 
This  experiment  was  carefully  performed,  with  a  view  to  determine 
whether  any  acrylic  acid  was  produced  in  this  way,  but  although  much 
carbon  dioxide  was  evolved,  practically  no  acid  distilled  over  during 
the  operation  even  when  the  tempei'ature  was  raised  to  220°.  It 
appears,  therefore,  that  no  methylenemalonic  acid,  CHo!C(C00H)2,  is 
formed  during  the  hydrolysis  of  the  polymeride  with  alcoholic  potash, 
since  this  acid,  if  present,  should  have  yielded  acrylic  acid  on  heating 
at  220°. 

As  soon  as  the  evolution  of  carbon  dioxide  had  ceased,  the  residue 
was  dissolved  in  water,  boiled  with  animal  charcoal,  filtered,  and  the 
concentrated  solution  allowed  to  evaporate  over  sulphuric  acid  in  a 
vacuum.  As  no  crystals  were  obtained  in  this  way  even  after  the 
whole  of  the  water  had  evaporated,  the  residue  was  further  purified 
by  very  rapidly  distilling  it  under  a  pressure  of  20  mm.  On  dissolv- 
ing the  colourless,  oily  distillate  in  a  very  little  water,  saturating 
the  solution  with  hydrogen  chloride,  and  allowing  it  to  remain  for  a 
long  time,  colourless  crystals  were  deposited,  which  were  collected  and 
further  purified  by  recrystallisation  from  hydrochloric  acid. 

The  analysis  gave  the  following  result. 

01544  gave  0-2820  CO^  and  0-0798  H2O.     C- 49-81 ;  H  =  5-74. 
C4H6(COOH)2  requires  C  =  50-00;  H  =  5-55  per  cent. 

This  acid  melted  at  131 — 132°  and  showed  all  the  properties  of  cis- 
tetramethylene-1  : 3-dicarboxylic  acid ;  that  it  was  really  this  acid  was 
shown  by  converting  it  into  its  anhydride  which  was  found  to  melt  at 
50 — 51°,  the  melting  point  of  the  anhydride  of  the  cis-acid.  The 
formation  of  tetramethylenedicarboxylic  acid  in  this  way  might  be 
taken  as  evidence  that  para-ethylic  methylenemalonate  was  ethylic 
tetramethylenetetracarboxylate,  but  this  is  not  the  case,  since  the 
latter  ethereal  salt  is  a  colourless  liquid  of  quite  different  properties 
and  shows  no  tendency  to  change  into  a  wax-like  polymeride. 
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Examination  of  the  Oil  boiling  at  250 — 300°  (40  mm.)  p'oduced  during 
the  Condensation  of  Formaldehyde  with  Ethylic  Malonate. 

In  the  examination  of  this  oil,  it  was  not  found  possible  to  obtain 
from  it  by  fraetional  distillation  a  product  of  constant  boiling  point. 
It  was  therefore  hydrolysed  by  boiling  for  4  hours  with  an  equal 
weight  of  pure  potash  dissolved  in  alcohol  ;  the  product  was  mixed 
with  water,  the  solution  evaporated  until  free  from  alcohol,  acidified 
with  hydrochloric  acid,  and  repeatedly  extracted  with  ether.  Since, 
however,  the  ethereal  solution  on  evaporation  deposited  only  about 
one-tenth  part  of  the  acid  which  was  to  have  been  expected,  the 
aqueous  liquors  were  evaporated  to  dryness,  and  the  powdered  mass 
extracted  with  ether  in  a  Soxhlet  apparatus.  In  this  way,  the  required 
amount  of  acid  was  ultimately  obtained  as  a  thick  syrup,  which,  even 
when  exposed  for  some  days  over  sulphuric  acid  in  a  vacuum,  showed 
no  signs  of  solidifying.  This  crude  product  was  heated  at  200°  in  an 
oil  bath  until  the  evolution  of  carbon  dioxide  had  ceased,  and  the 
residue  converted  into  the  ethereal  salt  by  treatment  with  alcohol  and 
sulphuric  acid  in  the  usual  manner.  The  ethereal  salt,  after  being 
well  washed  with  dilute  sodium  carbonate  and  dried  over  calcium 
chloride,  was  repeatedly  fractionated  under  reduced  pressure  ;  in  this 
way,  a  considerable  fraction  was  obtained,  distilling  constantly  at  172° 
(105  mm.),  and  evidently  consisting  of  nearly  pure  ethylic  tetra- 
methylene-1  :  3-dicarboxylate,  the  boiling  point  of  which  had  previously 
been  ascertained  to  be  173 — 178°  (110  mm.). 

This  ethereal  salt,  on  hydrolysis  in  the  usual  way  (see  p.  377),  yielded 
a  crystalline  acid  melting  at  about  130°,  which,  on  analysis,  gave  the 
following  results. 

0-1889  gave  0-3470  CO.^  and  0-095  HoO.     C  =  50-l  ;  H  =  5-59. 
C4Hg(C00H),  requires  C  =  50 -O'O  ;  H  =  5-55  per  cent. 

From  this  acid,  the  silver  salt  was  obtained  as  a  gelatinous  precipitate 
in  the  usual  manner  by  precipitating  the  neutral  solution  of  the 
ammonium  salt  with  silver  nitrate.  It  gave  the  following  results  on 
analysis. 

0-2058  gave  0-1500  CO,,,  0-032  HoO,  and  01242  Ag.     C-19-88; 
H=l-73  ;  Ag- 60-35. 
C4Hg(COOAg)2  requires  C  =  20-11  ;  H-1-68;  Ag  =  60-31  percent. 

The  molecular  weight  of  the  acid  was  determined  in  acetic  acid  solu- 
tion by  the  cryoscopic  method. 

I,  0132  gram  of  substance  dissolved  in  32"41  grams  of  acetic  acid 
caused  a  depression  of  0-11°  in  the  melting  point. 
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II.  0-1463  gram  of  substance  dissolved  in  32-41  grams  of  acetic  acid 
caused  a  depression  of  0-115°  in  the  melting  point. 

Molecular  weight  found  was  1=  144  ;  II  =  153. 
Calculated  for  O^Hj-O^  =   144. 

The  properties  of  this  acid  indicated  that  it  was  c/s-tetramethylene- 
1  :  3-dicarboxylic  acid,  but  in  order  to  be  sure  of  this,  the  remainder  of 
the  acid  was  converted  into  the  anhydride  which  melted  at  50 — 51°, 
and  was  in  all  respects  identical  with  the  anhydride  of  the  ci's-acid 
which  had  previously  been  obtained. 

Owens  College, 

Manchester. 


XXXIII. — Action  of  Ferric  Chloride  on  Ethereal  Salts 
of  Ketone  Acids. 

By  Robert  Selby  Morrell,  M.A.,  Ph.D.,  and  James  Murray  Crofts, 

B.A.,  B.Sc. 

The  colour  reactions  between  ferric  chloride  and  organic  substances, 
especially  di-ketones  and  ethereal  salts  of  ketone  acids,  have  been 
investigated  by  Claisen,  Traube,  and  Wislicenus,  but  the  compounds 
formed  have  not  as  yet  been  isolated.  Claisen  [Annahn,  1894,  281, 
344)  has  observed  that  the  red,  crystalline  ferriacetylacetone, 
Fe(OgIIg02)3,  or  ferribenzoylacetone,  Fe(C^oH^Q02)3,  dissolved  in  alcohol, 
gives  a  red  solution,  and  on  the  addition  of  aqueous  ferric  chloride,  a 
much  deeper  red  coloi^ation  is  produced,  just  as  when  aqueous  ferric 
chloride  is  added  to  acetylacetone  or  benzoylacetone.  A  series  of 
colour  changes  also  occurs  when  alcoholic  solutions  of  ferrioxymethyl- 
enecamphor  are  treated  with  aqueous  ferric  chloride. 

The  iron  salts  mentioned  above  are  insoluble  in  water,  but  the 
alcoholic  solutions,  after  treatment  with  ferric  chloride,  can  be  diluted 
with  water  to  any  extent,  without  separation  of  the  insoluble  iron 
salts.  Claisen  considers  that  the  reaction  with  ferric  chloride  may  be 
expi-essed  by  the  following  equations. 

2FeR3  +  FeClg  =  3FeR2Cl. 
FeRg  +  2FeCl3  =  3FeRCl2. 

[R  is  the  residue  of  acetylacetone  or  oxymethylenecamphor  or  benzoyl- 
acetone.] 

The  red  or  violet  colorations  which  ferric  chloride  gives  with  alco- 
holic solutions  of  ketone  ethereal  salts  may  be  due  to  the  formation 
of  soluble  salts  of  the  type  FeR201  or  FeRClo  (Claisen). 

Claisen,  Traube,  and  Wislicenus  consider  that   the  colour  reaction 


346      MORRELL   AND   CROFTS:   ACTION   OF   FERRIC    CHLORIDE 

with  ferric  chloride  indicates  the  existence  of  an  enolic  grouping  in 
di-ketones  and  ethereal  salts  of  di-ketone  acids. 

Traube  {Ber.,  1896,  29,  1718)  points  out  that  the  shade  and  intensity 
of  the  colour  depends  on  the  solvent  used,  strongly  associated  solvents, 
such  as  water,  methylic  alcohol,  and  ethylic  alcohol,  favouring  the  pro- 
duction of  the  enolic  form,  whilst  in  non-associated  solvents,  such  as 
benzene,  chloroform,  and  carbon  tetrachloride,  the  aldo-form  is  much 
more  stable. 

Knorr  {Ber.,  1897,  30,  2387)  has  isolated  five  tautomeric  ethylic  di- 
acetylsuccinates,  two  of  the  forms  giving  the  ferric  chloride  reaction, 
and  being  considered  to  contain  enolic  groupings  in  the  anti-position. 
The  keto-forms,  in  solution,  pass  into  the  enolic  forms,  and  vice  versd, 
until  equilibrium  is  attained. 

We  noticed  that  when  ethylic  acetoacetate  was  added  to  a  solution 
of  anhydrous  ferric  chloride  in  dry  ether,  a  deep  violet  oil  separated. 
The  production  of  a  coloured  oil  was  also  observed  in  the  case  of  ethylic 
methylacetoacetate,  ethylic  ethylacetoacetate,  ethylic  benzilidenedi- 
acetoacetate,  ethylic  oxalacetate,  ethylic  ketophenylparaconate,  and 
the  lactone  of  ethylic  oxalocitrate.  In  the  last  three  cases,  the  oils 
were  of  a  deep  red  colour.  By  washing  with  dry  benzene  or  dry  ether, 
and  removing  the  excess  of  the  benzene  or  ether  in  a  vacuum,  the 
purple  oil  from  ethylic  benzilidenediacetoacetate  and  the  red  oil  from 
ethylic  ketophenylparaconate  became  solid.  Only  in  these  two  instances 
have  we  as  yet  been  able  to  obtain  solids  almost  free  from  ferrous 
ii'on,  and  we  are  inclined  to  consider  the  red  substance  from  ethylic 
ketophenylparaconate  as  a  derivative  of  ferric  chloride,  one  chlorine 
atom  of  the  FeCl.,  being  replaced  by  the  univalent  residue  of  the 
ethereal  salt,  whiLst  the  red  oil  fi'om  the  lactone  of  ethylic  oxalcitrate, 
may  be  regarded  as  an  additive  product  of  ferric  chloride  and  the  lactone 
salt. 

The  evidence  in  support  of  these  views  may  be  summarised  as 
follows. 

{a)  The  red  solid  from  ethylic  ketophenylparaconate  is  decomposed 
by  excess  of  water  into  ferric  chloride  and  a  basic  iron  salt  of  ethylic 
ketophenylparaconate.  The  analysis  of  the  red  substance  shows  the 
presence  of  both  chlorine  and  iron,  nearly  in  the  proportions  required 
for  FeCl^'CjoHjjOj ;  the  red  colour  is  more  stable  in  aqueous  solution 
towards  ether,  and  in  ethereal  solution  towards  chloroform,  than  in  the 
case  of  the  purple  colorations,  as  when  ferric  chloride  solution  is  added 
to  ethylic  acetoacetate,  hydrochloric  acid  is  produced  in  the  reaction, 
without  any  oxidation  by  the  fei-ric  chloride  occurring.  The  forma- 
tion of  the  rod  compound  fi'om  ethylic  ketophenylpax'aconate,  and  its 
decomposition  by  water,  may  probably  be  expressed  by  the  following 
equations, 
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CO CO  CO CO 

I  >0  +  FeClg  =  1JC1+  I  > 

^OOC^H^-CH— CH-C,H,  COOC2H5-C{FeCl2)-CH-C6H5 

Ethylic  kctoiihenylparacoiiate.  *  Red  compouiKl. 

2FeCl,-C^3Hii05  +  H,0  =  FeCl.,  +  HCl  +  Fe(OH)(Ci3Hii05)2. 

The  hydrochloric  acid  formed  decomposes  some  of  the  red  compound 
into  ferric  chloride  and  the  original  ethylic  ketophenylparaconate. 

(b)  The  red  oil  from  ferric  chloride  and  the  lactone  of  ethylic  oxalo- 
citrate  is  either  an  additive  product  of  ferric  chloride  with  the  lactone 
of  the  ethereal  salt,  or  an  FeCl^X  compound  (where  X  is  the  acid 
radicle  of  the  lactone  of  the  ethereal  salt).  It  does  not  contain  the 
FeXg  salt,  since  it  is  insoluble  in  benzene,  whilst  the  iron  salt  is  easily 
soluble.  Moreover,  with  water,  it  undergoes  a  similar  decomposition 
to  that  in  the  case  of  the  ketophenylparaconic  substance,  giving  ferric 
chloride  and  the  normal  ferric  salt  of  the  organic  acid.  This  decom- 
position may  be  expressed  by  the  equation, 

SFeCls.Ci^HjsOg  =  2FeC]3  +  Fe(Ci^Hi.O,-,),  +  3HC1. 

The  formation  of  coloured  oils  with  ethereal  ferric  chloride  and  the 
ethereal  salts  of  ketonic  acids  may  lead  to  the  separation  of  the  enolic 
from  the  ketonic  forms.  It  is  our  intention  to  examine  this,  and  to 
endeavour  to  isolate  the  tautomeric  modifications. 

Experimental  Part. 

Action  of  Anhydrous  Ferric  Chloride  on  Ethylic  Ketophenylparaconate. 

Ethylic  ketophenylparaconate  was  prepared  from  benzaldehyde  and 
ethylic  oxalacetate  (Wislicenus,  Ber.,  1892,  25,  3448),  and  recrystallised 
several  times  from  alcohol.  Ferric  chloride,  dissolved  in  dry  ether, 
and  ethylic  ketophenylparaconate  were  mixed  in  exact  molecular 
proportions,  the  red  oil  which  separated  was  washed  by  decantation 
with  anhydrous  ether,  and  excess  of  the  latter  removed  in  a  vacuum. 
Hydrochloric  acid  was  given  off,  but  no  ferrous  iron  could  be  detected. 
After  the  removal  of  the  acid  in  a  vacuum  over  soda-lime,  and  the 
addition  of  more  dry  ether,  a  dark  red,  crystalline  powder  separated, 
which  was  washed  on  the  filter  with  more  dry  ether  and  then  dried  i  i 
a  vacuum.     Analyses 

Oil  freed  from  ^    ,  , 

HCl  in  a  vacuum.  ^<^<i  powder. 

Fe 15-56  15-28,  15-81. 

CI 19-5  21-8,  21-5,  19-55. 

FeClg- CigHj^Og  requires  Fe=  14-97;  01  =  19-0  per  cent. 

FeClg.CigH^.Og        „         Fe=13-6    ;  Cl  =  25-94     „ 

*  Wislicenus  and  Hjeu^eu  {Ber.,  26,  2144). 
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The  red  oil,  if  left  for  some  weeks  under  dry  ether,  becomes  crystal- 
line {long  rhombic  needles).  These  crystals  were  washed  with  ether 
until  the  washings  gave  only  a  trace  of  iron  and  chlorine. 

Melting  point,  146 — 147°  with  decomposition.  On  analysis,  it  gave 
re  =  13-29  ;  Cl  =  15-52  ;  0  =  41-9,  41-22,  39-4;  H  =  4-2,  4-19,  4-16. 

This  substance  could  not  be  purified  further  ;  it  is  probably  some  of 
the  FeC].2X  compound  which  has  undergone  decomposition. 

Action  of  Water  on  the  Bed  Compound. 

Oold  water  removed  11  per  cent,  of  iron  and  21-4  per  cent,  of  the 
chlorine,  that  is,  all  the  chlorine,  from  the  red  powder.  The  dark  red 
solid  left  was  dried  on  a  tile  and  added  to  hot  methylic  alcohol  ;  on 
rapidly  filtering,  an  orange,  crystalline  substance  was  deposited,  which 
could  not  be  redissolved  in  the  same  solvent.  The  analysis  showed  it 
to  be  a  basic  ferric  salt  of  ethylic  ketophenylparaconate,  identical  with 
that  obtained  by  the  addition  of  aqueous  ferric  chloride  to  ethylic 
ketophenylparaconate  dissolved  in  alcohol,  and  subsequently  diluting 
with  much  water.     Analysis. 

Fe.  C.  H. 

I.         10-32  54-93  4-7. 

II.  9-94  55-00  4-3. 

Fe(OH)(Ci3Hi^05)  requires  Fe  =  9-87  ;  0  =  55-0;  H  =  405  per  cent. 

The  iron  salt  crystallises  in  aggi'egates  of  needles,  and  melts  at  202° 
with  decomposition.  It  is  different  from  the  basic  salt  obtained  by 
the  addition  of  ferric  acetate  to  ethylic  ketophenylparaconate,  being 
orange,  not  buff  brown,  and  containing  much  less  iron.  In  the  de- 
composition of  the  red  powder  by  cold  water,  some  of  the  ethylic 
ketophenylparaconate  was  always  produced,  and  could  be  isolated  from 
the  alcoholic  mother  liquor  of  the  basic  salt. 

Action  of  Ferric  Chloride  on  the  Lactone  of  Ethylic  Oxalocitrate. 

Ethylic  oxalocitrate  was  prepared  from  ethylic  oxalacetoacetate  by 
the  action  of  aqueous  potassium  acetate,  according  to  the  directions 
given  by  Claisen  and  Hori  (Ber.,  1891,  24,  120)  ;  it  was  purified  by 
converting  it  into  the  barium  salt,  and  decomposing  the  latter  by  dilute 
sulphuric  acid. 

Anhydrous  ferric  chloride,  dissolved  in  ether  (which  had  been  dried 
over  sodium),  was  freed  from  hydi'ochloric  acid  by  shaking  with  iron 
filings,  and  added  to  the  calculated  quantity  of  the  lactone  of  ethylic 
oxalocitrate.  The  ferric  chloride  used  was  always  analysed,  and  the 
ratio  of  iron  to  chlorine  agreed  very  nearly  with  that  for  FeOlg  ;  the  red 
oil  which  separated  was  washed  thoroughly  with  ether,  dried  over  sodium, 
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by  pouring  from  one  separating  funnel  to  another.  The  last  traces  of 
ether  were  removed  in  a  vacuum  over  sulphuric  acid  ;  at  the  same  time, 
acid  fumes  began  to  be  evolved,  although  no  ferrous  iron  could  be 
detected.  The  oil  became  viscid,  and  a  few  crystals  were  visible.  As 
we  could  not  obtain  the  substance  in  crystals,  the  oil  was  analysed 
directly.  The  values  for  the  iron  were  those  for  an  additive  product 
of  ferric  chloride  and  the  lactone  of  ethylic  oxalocitrate. 

Fe  =  (l)  11-23;  (2)  11-82;  (3)  13-03;  (4)  12-28  (12  days  in  a  vacuum). 
CI  =(1)  23-88;  (2)  22-30;  (3)  21-98;  (4)  21-72  (14         „         „  ). 

FeCl3,Ci^Hi809  requires  Fe  =  11-37  ;  CI  =  21-62  per  cent. 

FeClg-Ci^H^ydg  requires  Fe  =  12-28  ;  CI  =  15-57       „ 

It  seemed  as  if  the  chemical  behaviour  of  the  compound  would  give 
more  information  regarding  its  composition  than  analyses  of  a  sub- 
stance which  has,  up  to  now,  resisted  all  attempts  to  purify  it 
completely. 

The  red  oil  is  insoluble  in  benzene,  carbon  tetrachloride  and  light 
petroleum,  sparingly  soluble  in  ether,  but  readily  so  in  alcohol  and 
acetone. 

The  decomposition  with  water  is  similar  to  that  in  the  case  of  the  iron 
compound  with  ethylic  ketophenylparacouate.  Nine  grams  of  the  red  oil, 
freed  from  ether  in  a  vacuum,  were  washed  rapidly  with  cold  water, 
and  then  with  warm  water,  until  the  washings  were  free  from  iron 
and  chlorine ;  the  oily  residue  became  solid  on  being  stirred  with  a 
glass  rod.  The  solid  can  be  dissolved  in  ether  and  precipitated  as  a 
red  solid,  by  the  addition  of  light  petroleum,  or  it  may  be  dissolved  in 
methylic  alcohol  and  precipitated  by  water.  To  obtain  this  solid  pure, 
it  may  be  redissolved  in  methylic  alcohol  and  precipitated  with  water, 
or  crystallised  from  benzene,  in  which  it  is  easily  soluble,  separating 
out  on  evaporation  in  stout,  rhombic  prisms. 

Analysis  showed  that  this  red  substance  was  the  iron  salt  of  the 
lactone  of  ethylic  oxalocitrate. 

C  =  48-35;  H  =  5-22;  Fe  =  5-30. 
Fe(Ci4Hi709)3  requires  C  =  48-32  ;  H  =  4-89  ;  Fe  =  5-37  per  cent. 

The  iron  salt  melts  at  163°  with  decomposition.  In  order  to  in- 
vestigate the  decomposition  by  water,  the  amounts  of  iron  and 
chlorine  washed  out  by  water,  and  the  weight  of  iron  salt  left,  were 
estimated. 

2-1243  grams  of  the  oil,  which  had  been  standing  several  days  in  a 
vacuum  over  sulphuric  acid,  were  washed,  first  with  cold  and  then  with 
hot  water,  about  500  c.c.  of  water  being  necessary  to  remove  all  the 
chlorine  from  the  oil.  The  iron  in  the  washings  was  estimated  volu- 
metrically    by    stannous    chloride    and    potassium    dichromate,    the 
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chlorine    by  titration   with  excess  of  silver   niti'ate  and  ammonium 

thiocyanate. 

Fe  =  10-52  ;  CI  =  22-56  per  cent. 

The  oil  which  was  treated  with  water  was  part  of  the  sample  con- 
taining 13-03  per  cent,  of  Fe  and  23-88  per  cent,  of  CI,  but  had  stood 
for  a  longer  time  in  a  vacuum  over  sulphuric  acid. 

The  weight  of  the  iron  salt  left  was  0-7013  gram.  If  the  substance 
were  an  additive  product,  then  water  would  decompose  it,  and  at  the 
same  time  some  free  hydrochloric  acid,  produced  by  the  action  of  excess 
of  water  on  the  ferric  chloride,  would  act  on  the  iron  salt,  with  the 
production  of  the  soluble  basic  ferric  chloride  and  the  lactone  ethereal 
salt.  If,  on  the  other  hand,  the  compound  FeClgX  existed,  then  it 
would  undergo  decomposition  according  to  the  equation 

3FeCl2X  +  HgO  =  2FeCl3  +  FeXg. 

That  the  iron  salt  itself  exists  in  the  oil  is  unlikely,  for  benzene 
does  not  take  up  the  oil,  whilst  the  iron  salt  is  very  easily  soluble  in 
that  solvent. 

In  the  case  of  the  sodium  salt  of  the  lactone  of  ethylic  oxalocitrate 
dissolved  in  dry  benzene,  a  red  solution  was  produced,  without  any 
separation  of  oil,  when  dry  ethereal  ferric  chloride  was  added  in  the 
proportions  to  give  FeCl.,X  or  FeXg.  This  points  to  the  formation 
of  an  iron  salt  of  the  type  FeXg,  since  the  latter  substance  is  soluble 
in  benzene,  whereas  the  additive  product,  or  the  FeCKX  compound,  is 
insoluble. 

Further  attempts  are  being  made  to  obtain  other  similar  red  and 
violet  ferric  chloride  compounds  in  a  purer  form. 

GONVILLE  AND   CaIUS   COLLEGE   LABORATORY, 

Cambridge. 


XXXIV. — Formation  of  aa'-Dihydroxy pyridine. 

By  Siegfried  Ruhemann,  Ph.D.,  M.A. 

Some  years  ago  (Trans.,  1893,  63,  259,  874),  I  showed  that  similar 
to  the  transformation  of  ethylic  aconitate  into  citrazinamide  is  the  con- 
densation of  alkyl  derivatives  of  ethylic  glutaconate  with  ammonia,  and 
that  this  reaction  leads  to  the  formation  of  homologues  of  aa'-dihydroxy- 
pyridine.  The  dihydroxypyridine  itself,  however,  which  is  undoubtedly 
formed  in  the  interaction  of  ethylic  glutaconate  and  ammonia,  could 
not  be  isolated  on  account  of  the  rapidity  with  which  it  is  oxidised  by 
the  oxygen  of  the  air  (Trans.,  1891,  59,  743).     The  same  diflBculty 
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was  experienced  by  Guthzeit  and  Di-essel  (Atin.,  1891,  262,  113);  in 
studying  the  action  of  heat  on  monethylic  ethoxy-a-pyridonedicarb- 
oxylate, 

0H-C:N— C-OC2H5 

COOH-  C:CH-  C-COOCoHg' 

they  found  that  the  latter  was  partially  transformed  into  the  diethylic 
salt  of  the  dicarboxylic  acid,  together  with  a  substance  which,  from  its 
behaviour,  they  concluded  to  be  a-ethoxy-a'-hydroxypyridine,  but  were 
unable  to  isolate  it  owing  to  the  ease  with  which  it  is  attacked  by 
atmospheric  oxygen. 

According  to  a  statement  by  Anschlitz  (compare  V.  v.  Richter's 
Chemie  der  Kohlenstqffverhindungen,  1896,  pp.  519  and  527),  Kekul6 
obtained  dihydroxypyridine  by  the  action  of  concenti'ated  sulphuric 
acid  on  the  diamide  of  ^-hydroxyglutaric  acid,  on  glutaminic  acid,  and 
also  on  the  diamide  of  glutaconic  acid,  but  an  account  of  Kekul^'s 
experiments  did  not  appear  in  any  chemical  journal. 

I  found  that  aa'-dihydroxypyridine  can  readily  be  obtained  from 
aa'-dihydroxydinicotinate.  In  a  paper  which  I  recently  published  in 
conjunction  with  K.  C.  Browning  (Trans.,  1898,  73,  280),  it  has  been 
shown  that  this  ethereal  salt  is  formed  in  the  action  of  hydrochloric 
acid  on  ethylic  dicyanoglutaconate,  and  that,  on  prolonged  boiling  with 
the  acid,  a  decomposition  takes  place  with  formation  of  a  substance 
which  was  regarded  as  aa'-dihydroxypyridine.  A  closer  examination 
has  confirmed  this  assumption. 

On  boiling  the  solution  of  ethylic  dihydroxydinicotinate  in  con- 
centrated hydrochloric  acid  for  2  hours  in  a  refiux  apparatus,  the 
hydrolysis,  accompanied  by  the  removal  of  carbon  dioxide,  is  com- 
pleted. The  solution,  when  concentrated  under  diminished  pressure  on 
the  water  bath,  deposits  almost  colourless  needles  on  cooling ;  these 
are  washed  with  concentrated  hydrochloric  acid,  in  which  they  are 
sparingly  soluble,  and  dried  in  a  vacuum  over  potash  and  sulphuric 
acid.  The  substance  was  found  to  be  the  hydrochloride  of  aa'-dihydroxy- 
pyridine. 

0-2515  gave  205  c.c.  nitrogen  at  16°  and  762  mm.     N  =  9-52. 
0-2325     „     0-2372  AgCl.    01  =  24-13. 

C5NH3(0H)2,HC1  requires  N  =  9-49  ;  01  =  24-06  per  cent. 

The  hydrochloride  is  rather  unstable ;  on  heating  at  100°,  it  gradually 
loses  hydrogen  chloride,  and  the  dissociation  into  the  acid  and  di- 
hydroxypyridine is  also  partially  brought  about  by  the  action  of 
water. 

The  solution  of  the  salt  in  dilute  hydrochloric  acid  reduces  silver 
and  platinum  salts,  and  in  contact  with  the  skin  develops  purple  spots 
after  some  time ;  a  few  drops  of  ferric  chloride  produce  a  red-violet 

A  A  2 
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coloration,  which,  however,  disappears  on  the  addition  of  an  excess  of 
the  metallic  chloride,  a  black,  flocculent  precipitate  being  thrown  down. 

Ou  carefully  aduing  ammonia  to  the  solution  of  the  hydrochloride, 
the  dihydroxypyridine  is  precipitated  in  slightly  coloured  prisms 
which  dissolve  in  water  as  well  as  in  alcohol,  on  boiling,  and  melt  at 
192 — 193°  (the  melting  point  of  the  compound  prepared  by  Kekule 
is  given  by  Anschiitz,  loc.  cit.,  as  182 — -183°).  When  dry,  it  is 
moderately  stable;  on  exposure  to  moist  air,  however,  it  is  oxidised, 
becoming  green. 

The  following  analytical  data  correspond  with  the  formula 

0-2030  gave  0-4025  CO^  and  00860  H.p.     C  =  54-07  ;  H  =  4-70. 

0-2324     „     25-5  c.c.  nitrogen  at  180°  and  757  mm.     N  =  12-64. 

C.H.NO2  requires  C  =  54-05  ;  H  =  4-50  ;  N=  12-61  per  cent. 

In  a  former  note  on  the  homologue.s  of  aa'-dihydroxypyridine  (Ber., 
1893,  26,  1559),  I  pointed  out  the  chemical  analogy  between  them  and 
resorcinol.  This  similarity  is  also  exhibited  by  dihydroxypyridine 
itself.  As  the  former  is  readily  oxidised  in  the  presence  of  ammonia 
with  formation  of  a  blue  dye,  so  does  an  ammoniacal  solution  of 
dihydroxypyridine  become  indigo-blue  when  exposed  to  the  atmosphere. 


Formation  of  aa! -Dihydroxypyridiiie  from  Monethylic 
Ethoxy-a-pyridonedicarhoxylate. 

The  transformation  of  ethylic  dibydroxydinicotinate  into  aa'-di- 
hydroxypyridine leads  to  the  view  that  the  product  of  the  action  of 
ammonia  on  ethylic  ethoxypyronedicarboxylate  (Guthzeit  and  Dressel, 
loc.  cit.),  namely,  monethylic  ethoxy-a-pyridonedicarboxylate,  under  the 
influence  of  hydrochloric  acid,  would  be  converted  into  aa'-dihydroxy- 
pyridine. Guthzeit  and  Dressel  have  already  subjected  ethoxy- 
hydroxydinicotinic  acid,  formed  from  the  above  ethereal  salt  by  boiling 
it  with  alkali,  to  the  action  of  hydrochloric  acid,  with  the  view  of  obtain- 
ing dihydroxypyridine.  They  found,  however,  that  fuming  hydro- 
chloric acid,  acting  at  130 — 140°,  decomposes  the  pyridine  derivative 
into  ammonium  chloride  and  glutaconic  acid.  Such  a  destruction  of 
the  pyridine-ring,  I  observed,  does  not  take  place  if  monethylic  ethoxy- 
a-pyridouedicarboxylate  is  boiled  with  concentrated  hydrochloric  acid 
in  a  reflux  apparatus.  The  pyridine  compound,  which  differs  from 
ethylic  dibydroxydinicotinate,  inasmuch  as  it  does  not  dissolve  in  the 
acid  at  the  ordinary  temperature,  on  boiling  enters  into  solution  with 
evolution  of  carbon  dioxide  ;  the  boiling  is  continued  for  2 — 3  hours, 
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and  the  aa-'-dihydroxypyridine  thus  formed  is  isolated  in  the  manner 
previously  stated. 

The  following  symbols  suffice  to  indicate  the  mode  of  its  formation. 

OH-CIN-C-OCaHg  OH-C=N— C-OH 

cooH-c:cH-c-cooc2H5   "^        ch:ch-ch   ' 

The  identity  with  the  substance  obtained  from  ethylic  dihydroxy- 
dinicotinate  was  verified  by  its  behaviour,  and  by  a  nitrogen 
determination. 

0-2638  gave  21-8  c.c.  nitrogen  at  18°  and  758  mm.     N  =  9-47. 
C5NH3(0H)2,HC1  requires  N  =  9-49  per  cent. 

GONVILLE   AND   CaIUS   COLLEGE, 

Cambridge. 


XXXV. — The   Preparation   and    Properties   of 

Formaldoxime. 

By  Wyndham  E.  Dunstan,  M.A.,F.R.S.,  and  Arnold  L.  Bossi,  Ph.D. 

In  a  previous  communication  (Proc,  1894,  p.  55),  the  authors  have 
given  a  preliminary  account  of  the  isolation  and  chief  properties  of  the 
oxime  of  formaldehyde,  a  compound  to  which  particular  interest 
attaches  owing  to  its  being  the  first  member  of  the  acetic  series  of 
aldoximes.  The  only  previously  recorded  work  on  this  subject  is  that 
of  Scholl  {Ber.,  24,  573),  who,  by  the  interaction  of  formaldehyde 
and  hydroxylamine,  obtained  a  white,  amorphous  solid  which  behaved 
as  a  polymeride  of  the  oxime.  By  heating  this  solid  polymeride,  Scholl 
obtained  the  aldoxime  itself  as  a  vapour  (of  which  the  density  was 
determined)  and  also  in  solution,  but  it  could  not  be  isolated  for  pur- 
poses of  examination  as  liquid  or  solid,  owing  to  the  i*eadiness  with 
which  it  reverted  into  the  solid  polymeride.  From  the  properties  of 
the  solutions  formed  on  heating  the  polymeride  with  certain  liquids, 
Scholl  showed  that  formaldoxime  is  a  powerful  reducing  a  gent,  that  it 
undergoes  hydrolysis  into  formaldehyde  and  hydroxylamine,  and  that 
its  vapour  density  corresponds  with  the  formula  CH2INOH. 

The  authors  have  succeeded  in  isolating  formaldoxime  as  a  liquid 
boiling  at  83—85°.  This  liquid  very  rapidly  changes  into  the 
solid  amorphous  polymeride,  and  could  not  be  crystallised.  A  deter- 
mination of  the  molecular  weight  of  the  liquid  showed  that  it  cor- 
responds with  the  formula  CH"2:N0H.  The  liquid  burns  with  a 
livid  flame,  producing  considerable  quantities  of  hydrogen  cyanide 
(CH2lNOH  =  H20-hHCISI).  In  the  absence  of  water,  the  oxime  com- 
bines with  acids  to  form  salt?,  several  of  which  have  been  crystallised  ; 
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the  bydrobromide  and  the  hydrochloride  in  particular  are  well-defined, 
crystalline  compounds,  which  are  readily  prepared  in  the  pure  state. 
Their  analysis  has  disclosed  the  remarkable  and  unexpected  fact  that 
they  contain  thi-ee  proportions  of  formaldoxime  combined  with  one 
proportion  of  acid,  (CH2:N0H)3HC1  and  (CH2:NOH)3HBr. 

By  the  action  of  alkali  metals  on  a  dry  ethereal  solution  of  form- 
aldoxime, metallic  derivatives  are  obtained  ;  the  sodium  derivative 
(CHgiNONa),  which  is  crystalline,  ver-y  readily  loses  water  forming 
sodium  cyanide,  and  explodes  when  heated.  Formaldoxime  acts  as  a 
powerful  reducing  agent  on  solutions  of  many  metallic  salts,  silver, 
gold,  and  mercury  being  precipitated  as  metals,  whilst  cupric  salts 
are  reduced  to  cuprous  compounds  ;  in  the  case  of  cupric  sulphate,  the 
oxime  apparently  combines  in  the  first  instance  with  the  salt  to  form 
a  crystalline  compound. 

The  mode  in  which  formaldoxime  undergoes  hydrolysis  is  of  con- 
siderable theoretical  intei^est.  When  heated  with  dilute  acids,  it  is 
partly  converted  into  formaldehyde  and  hydroxylamine  and  partly 
into  formic  acid  and  ammonia,  the  extent  to  which  each  of  the  changes 
takes  place  depending  on  the  amount  of  water  as  well  as  on  the  tem- 
perature and  time  during  which  the  liquid  is  heated.  It  is  clear  from 
this  that  either  the  oxime  is  susceptible  of  the  remarkable  isomeric 
change  first  observed  to  occur  with  certain  oximes  by  Beckmann,  or 
pei'haps  more  probably  that  it  is  capable  of  existing  in  the  tautomeric 
form.  As  a  result,  the  formaldoxime  undergoes  partial  conversion  into 
its  isomeride,  formamide,  H'CO'NHg,  which  hydrolyses  into  formic 
acid  and  ammonia.  When,  however,  formaldoxime  is  hydrolysed  by 
contact  with  sti-ong  hydrochloric  acid,  it  is  quantitatively  converted, 
without  isomeric  change,  into  hydroxylamine  and  formaldehyde. 

Formaldoxime  may  be  converted  into  crystalline  acetyl  and  benzoyl 
dei-ivatives.  The  acetyl  formaldoxime  is  a  well-defined  compound,  having 
a  molecular  weight  corresponding  with  the  formula  (CH.,:N0'CH3C0)3, 
and  the  benzoyl  derivative  is  a  stable  compound  melting  sharply  at 
168-5° 

When  the  oxime  or  its  hydrochloride  is  reduced  in  either  alkaline  or 
acid  solution,  the  nitrogen  appears  entirely  as  ammonia,  but  when  the 
acetyl  derivative  is  reduced,  2  atoms  of  the  nitrogen  appear  as 
ammonia,  and  the  third  as  methylamine.  This  result  is  somewhat 
difficult  to  interpret.  It  may  be  supposed  that,  under  the  conditions  of 
the  experiment,  the  acetyl  formaldoxime  is  partly  changed  into  the 
isomeric  acetylformamide.  Methylic  iodide  readily  combines  with 
formaldoxime,  furnishing  a  crystalline  compound,  (CIl2l]SrOH)3CIl3l, 
of  which  an  account  has  been  already  given  (Dunstan  and  Goulding, 
Ti-ans.,  1897,  71,  575).  Here,  again,  the  nitrogen  of  1  molecule  of  the 
oxime  behaves  in  a  different  manner  from  that  of  the  other  two. 


PROPERTIES   OF   FORMALDOXIME.  355 


Preparation  of  Formaldoxime. 

When  an  aqueous  solution  of  formaldehyde  is  mixed  with  a  solution 
of  hydroxylamiue  hydrochloride  to  which  sufficient  soda  or  sodium 
carbonate  has  been  added  to  liberate  the  hydroxylamine,  much  heat  is 
evolved,  and  if  the  liquid  is  allowed  to  stand  at  the  ordinary  tempera- 
ture the  solid  polymeride  of  formaldoxime  separates  as  a  white, 
gelatinous  precipitate.  If,  however,  the  liquid  while  still  warm  is 
shaken  several  times  with  ether  almost  immediately  after  the  two 
solutions  have  been  mixed,  the  oxime  is  obtained  as  an  ethereal 
solution  which  does  not  readily  polymerise  unless  it  is  highly  con- 
centrated. When  this  ethereal  solution  is  well  dried  with  potassium 
carbonate  or  calcium  chloride,  and  the  ether  distilled  off  at  the 
lowest  possible  temperature,  a  colourless  liquid  remains  which 
rapidly  polymerises  to  a  white  jelly  as  the  temperature  falls.  With 
care,  however,  it  may  be  fractionally  distilled,  especially  if  the 
distillates  are  kept  slightly  warm,  and  by  this  means  a  colourless 
mobile  liquid  may  be  obtained  which  distils  constantly  at  83 — 85°.  It 
is,  however,  impossible  to  prevent  the  loss  of  some  of  the  liquid,  owing 
to  the  formation  of  the  polymeride,  and  in  any  case  the  pure  substance 
gradually  gelatinises  as  it  cools  to  the  ordinary  temperature.  This 
method  is,  moreover,  difficult  to  carry  out  unless  pure  materials  are 
employed.  The  presence  of  methylic  alcohol  or  acetone  in  the  solution 
of  formaldehyde  used  vei-y  much  complicates  the  process  of  purification, 
in  fact,  it  is  exceedingly  difficult  to  separate  from  the  compound  any 
acetoxime  it  may  contain.  Inasmuch  as  nearly  all  commercial  ether 
contains  acetone,  the  ether  used  in  the  experiments  must  be  specially 
purified  (by  alkali  hydrogen  sulphite)  from  this  substance. 

A  much  more  satisfactory  method  of  obtaining  the  pure  liquid 
oxime  consists  in  decomposing  with  alkalis  the  crystalline  hydro- 
chloride  which  is  readily  prepared  by  passing  gaseous  hydrogen  chloride 
into  the  well- dried  ethereal  solution  of  the  oxime  (see  below).  When 
this  salt  is  dissolved  in  water,  it  dissociates  into  the  oxime  and  hydro- 
chloric acid,  and  if  this  acid  solution  is  at  once  exactly  neutralised  and 
distilled,  the  pure  oxime  is  obtained  after  several  fractionations.  The 
best  yield  is  obtained  by  placing  about  25  grams  of  the  pure  and  dry 
hydrochloride  in  a  dry  distillation  flask,  and  then  adding  the  quantity 
of  powdered  potash  requisite  to  react  tvith  the  hydi-ogen  chloride.  The 
mixture  is  well  cooled  with  ice,  and  then  small  pieces  of  ice  are  intro- 
duced into  the  flask,  which  is  allowed  gradually  to  attain  the  tempera- 
ture of  the  air.  The  liquid  is  distilled  under  reduced  pressure  (40 — 50 
mm.),  the  receiver  being  kept  at  40 — 50°  to  prevent  polymerisation. 
The    large    fraction    which    comes    over    first    is    distilled    under  the 
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ordinary  pressure,  when  nearly  the  whole  of  it  is  obtained  between 
83°  and  85°. 

Formaldoxime  is  a  colourless,  highly  refractive  liquid  boiling  at  84°. 
It  burns  with  a  livid  green  flame  which  generates  much  hydrogen 
cyanide,  CHoINOH  =  HgO  +  HON.  At  the  ordinary  temperature,  it 
gradually  gelatinises,  and  is  largely  converted  into  the  white,  amor- 
phous polymeride ;  this  change  takes  place  less  readily  at  higher  tem- 
peratures. We  have  made  numerous  observations  on  the  conditions 
under  which  this  change  takes  place,  but  they  have  led  to  nothing 
beyond  the  fact  that  heat  retards  the  change,  that  light  has  no  influ- 
ence in  promoting  it,  and  that  the  addition  of  minute  quantities  of 
various  substances  appeared  to  have  little  or  no  effect  in  delaying  or 
accelerating  the  polymerisation.  The  extent  of  the  change  seems  to  be 
a  function  of  the  temperature,  and  the  change  is  reversible.  When 
heated  in  a  closed  two-limbed  tube,  the  dry  polymeride  is  converted  at 
about  140^  into  the  liquid  oxime,  which  distils  into  the  other  limb ;  as 
Scholl  has  shown,  the  solid  polymeride  may  also  be  reconverted  into  a 
solution  of  the  oxime  by  heating  it  with  water  or  other  neutral  liquids, 
the  insoluble  polymeride  gi-adually  passing  into  solution  as  the  liquid 
oxime. 

We  have  succeeded  in  determining  the  molecular  weight  of  the 
liquid  oxime  by  Raoult's  method,  using  acetic  acid  as  the  solvent. 
In  this,  warmed  to  60°,  the  liquid  oxime  was  distilled. 

I.  II. 

Weight  of  oxime   0-4014  0-39662 

Weight  of  solvent 30-9693  39-1127 

Depression 1-22°  092° 

M.  W 41-6  M.  W.  =  43 

The  molecular  weight  calculated  from  the  formula  CHglNOH  is  45. 
This  result  agrees  with  Scholl's  determination  of  the  molecular  weight 
by  taking  the  density  of  the  vapour  evolved  on  heating  the  solid 
polymeride. 

All  attempts  to  crystallise  formaldoxime  have  failed ;  when  cooled, 
it  changes  into  the  polymeride,  and  could  not  be  "  touched  off  "  by 
the  addition  of  other  crystalline  oximes  of  the  .same  series. 

Formaldoxime  Hydrochloride,  (CH2!N0H)3HC1.  —  When  gaseous 
hydrogen  chloride  is  passed  into  a  dry  ethereal  solution  of  formaldoxime, 
a  white  precipitate  is  thrown  down.  This  precipitate  does  not  appear 
to  be  crystalline,  but  on  dis.solving  it  in  pure  methylic  alcohol  and 
gradually  adding  ether,  it  is  obtained  in  well-defined,  prismatic  crystals 
which  melt  at  136°;  the  same  substance  may  be  prepared  by  passing 
hydrogen  chloride  into  a  solution  of  the  oxime  in  methylic  alcohol,  or 
by  acting  with  gaseous  hydrogen   chloride   on   the  white,    solid  poly- 
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meride.  It  exhibits  all  the  properties  of  a  true  hydrochloride  of  the 
oxime.  The  addition  of  alkali,  or  even  of  water,  sets  free  the  oxime, 
and  on  hydrolysis  with  dilute  acid  the  salt  furnishes  formaldehyde  and 
hydi'oxylamine. 

Determinations  of  chlorine  in  the  recrystallised  compound  led  to  the 
following  results. 

0-1525  gave  0-1330  AgCl.     CI  =  21 -37  per  cent. 
0-2380     „     0-1910  AgCl.     Cl  =  19-91 

(CH3N0)3HC1  requires  CI  =  20-7  per  cent. 

Determinations  of  chlorine  in  a  number  of  different  specimens  several 
times  recrystallised  gave  results  confirming  those  recorded  above. 

The  remarkable  fact  is  therefore  established  that  three  molecules  of 
the  oxime  combine  with  one  of  hydrogen  chloride. 

As  already  stated,  the  production  of  this  hydrochloride  is  the  best 
means  of  obtaining  the  oxime  in  a  pure  state. 

Formaldoxime  Hydrohromide,  (CHgN0)3HBr. — When  gaseous  hydro- 
gen bromide  is  passed  into  an  ethereal  solution  of  the  oxime,  a  white 
precipitate  is  thrown  down,  which  can  be  obtained  in  prismatic  crystals 
on  adding  ether  to  its  solution  in  methylic  alcohol.  lu  appearance, 
the  salt  closely  resembles  the  hydrochloi'ide,  and,  like  it,  dissociates 
when  mixed  with  water,  hydrobromic  acid  being  liberated. 

Analyses  of  three  recrystallised  specimens  of  the  salt  furnished  the 
following  percentages  of  bromine:  (I)  36-6,  (II)  36-9,  (III)  37-5.  Cal- 
culated for  (CH3N"0)3HBr,  36-9. 

Formaldoxime  Hydriodide. — This  salt  is  formed  by  passing  gaseous 
hydrogen  iodide  into  a  well-dried  ethereal  solution  of  formaldoxime. 
By  adding  ether  to  its  solution  in  methylic  alcohol,  it  is  obtained  in 
prismatic  crystals  which  melt  at  136°,  at  which  temperature  the  salt  is 
completely  decomposed. 

Acetylformcddoxime,  (CH.2!NO*CO*CH3)3. — When  the  requisite  quan- 
tity of  acetic  anhydride  is  gradually  added  to  a  dry  ethereal  solution 
of  the  oxime  and  the  mixture  is  allowed  to  stand,  large,  well-defined 
crystals  separate  which  are  very  stable.  The  compound  dissolves 
readily  in  water,  and  the  aqueous  solution  may  be  boiled  without  any 
appreciable  decomposition  taking  place ;  as  the  solution  cools,  the 
comj^ound  crystallises  out  unchanged.  In  this  manner,  it  may  be  re- 
crystallised.    It  melts  at  133°,  with  partial  decomposition. 

Analyses  by  combustion  gave  the  following  results. 

(I)  C  =  4M8;   H  =  6-07  per   cent.     (II)   C  =  41-10;   H  =  6-05    per 
cent.     (Ill)  N  =  16-04  per  cent. 
CHalNO-CO-CHs  requires  C  =  41-37  ;  H  =  5-75  ;  N=  16-09  per  cent. 

The  molecular  weight  was  determined  by  Kaoult's  method,  using 
acetic  acid  as  the  solvent. 
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Weight  of  acetyl  derivative,  0-04G7  gram ;  weight  of  solvent, 
3*3240  grams. 

Depression  of  freezing  point,  0-21°  ;  whence  M.  W.  =  266-5. 
Calculated  for  (CH2:N0'C0-CH3)3-  261. 

It  is  remarkable  that  the  oxime  itself,  under  these  conditions,  should 
exhibit  a  molecular  weight  corresponding  with  the  formula  CHgiNOH, 
whilst  its  acetyl  derivative  corresponds  with  the  same  triple  molecular 
aggregate  as  is  seen  in  the  salts.  That  the  compound  is  a  true  acetyl 
derivative  is  shown  by  the  fact  that,  when  boiled  with  dilute  sulphuric 
acid,  it  furnishes  acetic  acid. 

Benzoylformaldoxime,  (CHo'N0'C0"CgH-)3. — If  an  ethereal  solution 
of  benzoic  anhydride  is  mixed  with  an  ethereal  solution  of  the  oxime, 
crystals  separate  on  standing  ;  these,  after  purification  by  recrystal- 
lisation  from  hot  alcohol,  are  obtained  in  fine  needles.  The  same  sub- 
stance may  be  procured  by  the  action  of  benzoic  chloride  on  the  oxime 
in  the  presence  of  alkali  or  water  alone.  The  crystals  melt  and  de- 
compose at  159°.  The  substance  is  remarkably  stable  ;  it  is  not  decom- 
posed by  boiling  with  water,  dilute  acids,  or  alkalis,  but  strong 
aqueous  alkalis  or  acids  produce  hydrolysis,  with  separation  of  benzoic 
acid.  By  decomposition  with  strong  aqueous  potash  in  a  closed  tube, 
81  "8  per  cent,  of  benzoic  acid  was  produced,  which  agrees  well  with  the 
quantity  calculated  from  the  formula  (CH2lNO'00*CgH5)3,  namely, 
81  "3  per  cent. 

Hydrolysis  of  Formaldoxime. 

The  mode  of  hydrolysis  of  formaldoxime  being  of  considerable  in- 
terest, it  has  been  very  carefully  studied  in  the  case  of  the  oxime  itself, 
the  solid  polymeride,  the  hydrochloride,  and  the  acetyl  derivative. 
The  results  of  these  experiments  may  be  summarised  as  follows.  When 
the  oxime  or  its  hydrochloride  is  heated  with  water  under  the  ordinary 
conditions,  or  in  a  closed  tube,  vei'y  little  hydrolysis  occurs,  and  the 
change  is  not  much  greater  if  very  dilute  alkali  is  substituted  for 
water. 

When  dilute  hydrochloric  acid  or  sulphuric  acid  is  used  as  the 
hydrolysing  agent,  one  portion  of  the  oxime  is  resolved  into  formalde- 
hyde and  ammonia,  and  the  other  into  formic  acid  and  ammonia.  The 
extent  to  which  change  occurs  in  one  direction  or  the  other  (as  mea- 
sured by  the  quantity  of  hydroxylamine  produced)  depends  chiefly  on 
the  dilution  of  the  acid  and  on  the  temperature.  When  the  hydro- 
chloride was  heated  with  ordinary  hydrochloric  acid  in  a  closed  tube 
at  120"^  for  2  hours,  only  2 '5  per  cent,  of  hydroxylamine  was  found  in 
the  liquid,  the  calculated  quantity  being  42-5  per  cent.,  assuming  that 
the  oxime  undergoes  hydrolysis  in  accordance  with  the  equation 
CH,:N0H-hH20  =  H-C0H  +  NH^-0H.     In   all   the   experiments   in 
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which  the  oxime  is  hjdrolysed  by  heating  with  dilute  acid,  relatively 
small  quantities  of  hydroxylamine  and  large  quantities  of  ammonia 
were  obtained. 

When  the  hydrochloride  was  heated  with  concentrated  hydrochloric 
acid  for  fi'om  6  to  7  minutes,  24  per  cent,  of  hydroxylamine  was  pro- 
duced, whilst  the  oxime  or  its  hydrochloride,  when  left  in  contact  with 
concentrated  hydrochloric  acid  for  2  days  in  the  cold,  was  entirely  con- 
verted into  formaldehyde  and  hydroxylamine  without  the  production  of 
any  ammDnia  or  formic  acid.  Similar  results  were  obtained  when  the 
amorphous  polymeride  of  the  oxime  was  used.  The  acetyl  derivative 
also  behaved  in  the  same  manner.  This  derivative  appears  to  be  more 
readily  decomposed  than  the  oxime  when  heated  in  a  closed  tube  with 
water,  but  in  this  case,  as  with  dilute  acid,  very  little  hydroxylamine 
and  much  ammonia  is  produced ;  on  the  other  hand,  when  the  acetyl 
derivative  is  digested  with  cold  concentrated  hydrochloric  acid,  a  large 
yield  of  hydroxylamine  is  obtained. 

The  production  of  ammonia  and  formic  acid  from  formaldoxime 
instead  of  formaldehyde  and  hydroxylamine  may  be  accounted  for  in 
several  ways.  It  may  be  supposed  that  the  oxime  first  undergoes  de- 
hydration into  hydrogen  cyanide,  and  that  this  then  suffers  hydrolysis 
into  ammonia  and  formic  acid.  Stereochemical  considei'ations  would 
favour  this  view  of  the  change.  "We  have,  indeed,  observed  in  several 
of  these  experiments  that  some  hydrogen  cyanide  is  formed.  Another 
supposition  is,   that  the  oxime  undergoes   isomeric  change  into  its 

isomeride,  formamide,        1 1  -^  i  *     ,  under  the  conditions  of 

N-OH  NH/ 

the  experiment.     As,  however,  stereochemically  there  is  no  particular 

reason  why  this  change  should  occur  in  the  case  of  formaldoxime,  it  seems 

TT'P'OFT  FT  Ov^ 

more  probable  that  a  tautomeric  form,        1 1  or       -  i  J>0,  of  the 

NH  HN 

oxime  is  primarily  responsible  for  the  production  of  formic  acid  and 

ammonia. 

Reduction  of  Formaldoxime. 

In  connection  with  the  question  of  the  constitution  of  formaldoxime, 
and  especially  of  the  existence  of  a  tautomeric  form,  it  was  important 
to  ascertain  the  fate  of  the  nitrogen  on  reduction.  When  the  hydro- 
chloride of  the  oxime  is  reduced  in  the  ordinary  manner  with  stannous 
chloride,  the  whole  of  the  nitrogen  appears  as  ammonia,  and  the  same 
result  is  obtained  when  other  reducing  agents  are  employed. 

When,  however,  the  acetyl  derivative  is  reduced,  the  nitrogen 
appears  partly  as  ammonia  and  partly  as  methylamine  ;  by  careful 
reduction  with  acetic  acid  and  zinc  dust,  it  was  established  that  one- 
third  of  the  nitrogen  is  reduced  to  ammonia  and  two-thirds  to  methyl- 
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amine,  and  the  same  result  was  obtained  on  effecting  the  reduction 
with  sodium  amalgam  and  dilute  sulphuric  acid.  The  methylamine 
hydrochloride  was  identified  after  separation  from  the  ammonium 
chloride  by  means  of  a  mixture  of  alcohol  and  ether,  whilst  the  propor- 
tion of  the  two  salts  present  was  ascertained  by  converting  the  mixture 
into  platinichloride,  in  which  the  platinum  was  determined. 

It  thus  appears  that,  of  the  three  residues  of  oxime  present  in  the 
acetyl  derivative,  (CHglNO'CO'CHg).,,  one  is  reduced  to  ammonia  and 
two  to  methylamine.  This  result  may  be  explained  by  the  supposition 
that  two  molecules  of  the  substance  suffer  decomposition  into  acetic 
acid  and  hydi-ogen  cyanide,  and  that  the  hydrogen  cyanide  is  then 
reduced  to  methylamine.  The  fact  that  a  constant  proportion  of 
methylamine  is  obtained,  points  to  the  conclusion  that,  in  the  complex 
(CH2lNO'CO'CH3)3,  two  atoms  of  nitrogen  are  united  differently  from 
the  third,  but  we  have  no  sufficient  evidence  to  warrant  any  supposition 
as  to  the  structure  of  this  molecular  aggregate.  The  same  peculiarity 
has  been  observed  in  the  compound  of  formaldoxime  with  methylic 
iodide  (Dunstan  and  Goulding,  loc.  cit.). 

Action  of  Alkyl  Iodides  on  Formaldoxime. 

Alkyl  iodides  appear  to  combine  readily  with  formaldoxime  ;  the 
compound  formed  by  its  union  with  methylic  iodide,  (CH3NO)3CH3l, 
which  is  a  well  crystallised  compound,  has  been  already  fully  examined 
and  described  (Dunstan  and  Goulding,  loc.  cit.).  On  hydrolysis,  only 
one  atom  of  nitrogen  appears  as  methylamine. 

Other  Reactions  of  Formaldoxime. 

Action  of  Bromine. — Bromine  acts  readily  on  an  ethereal  solution  of 
the  oxime  ;  the  chief  products  are  the  hydrobromide  of  the  oxime,  an 
oily  liquid  ("JCHBrlNOH),  which  has  proved  to  be  so  difficult  to  sepa- 
rate in  a  pure  state  that  its  composition  has  not  so  far  been  established 
with  certainty,  and  an  unstable,  crystalline  substance  decomposing 
with  violence  when  warmed,  even  in  solution,  to  40 — 50°,  leaving  a 
residue  consisting  chiefly  of  hydroxylamine  hydrobromide.  This  com- 
pound has  not  been  completely  identified,  but  its  formula  appears  to 
be  CNOH,HBr,  and  its  properties  correspond  closely  with  those  of  the 
compound  of  the  formula  CN0H,HC1,  which  has  been  described  by 
Scholl  and  by  Nef  as  resulting  from  the  action  of  hydrochloric  acid  on 
fulminates. 

Action  of  Pho8j)horic  Anhydride. — Phosphoric  anhydride  does  not 
act  in  the  cold,  but,  on  warming,  a  violent  action  takes  place,  and 
hydrogen  cyanide  is  abundantly  produced. 

Action  of  Alkali  Metals. — Potassium  and  sodium  act  on  an  ethereal 
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solution  of  formaldoxime,  evolving  hydrogen  and  forming  metallic 
derivatives'of  the  oxime.  The  sodium  derivative,  CHg^NONa,  is  crystal- 
line ;  when  gently  warmed,  it  explodes,  leaving  a  residue  principally 
consisting  of  sodium  cyanide. 

Action  of  Metallic  Salts. — Formaldoxime  acts  as  a  powerful  reducing 
agent  on  many  metallic  salts  ;  when  warmed  with  aqueous  solutions 
of  mercuric  chloride,  silver  nitrate,  auric  chloride,  and  copper  sulphate, 
the  corresponding  metals  are  precipitated. 

If  formaldoxime  dissolved  in  methylic  alcohol  or  water  is  added  to 
a  cold  saturated  solution  of  cupric  sulphate,  the  liquid  becomes  dark 
green  and  acid  in  reaction  from  the  presence  of  free  sulphuric  acid,  and 
soon  deposits  deep  green,  prismatic  crystals  ;  these  are  very  sparingly 
soluble  in  cold  water,  and  are  gradually  decomposed  by  hot  water. 
When  kept,  they  slowly  undergo  a  remarkable  decomposition,  the 
principal  products  of  which  are  nitric  oxide,  hydrogen  cyanide,  and 
apparently  sulphur  dioxide. 

Although  a  number  of  analyses  of  different  specimens  of  the  salt 
have  been  made,  closely  concordant  results  have  not  been  obtained  ; 
this  remarkable  compound  needs  further  investigation  before  a  definite 
formula  can  be  assigned  to  it.  By  titrating  the  acid  liberated  on  mix- 
ing an  excess  of  the  oxime  with  a  solution  of  cupric  sulphate  of  known 
strength,  it  was  ascertained  that  one  molecular  proportion  of  sulphuric 
acid  is  liberated  for  every  three  molecules  of  copper  sulphate  present. 
After  the  copper  compound  has  been  boiled  with  sulphuric  acid  (40  per 
cent.),  no  hydroxylamine  can  be  detected  in  the  residue,  but  only 
ammonium  sulphate  and  cupric  sulphate. 

The  effect  of  formaldoxime  on  other  metallic  salts  is  also  remarkable. 
Ferric  chloride  in  dilute  neutral  solution  becomes  a  deep  plum  colour. 
Xickel  sulphate  in  dilute  solution  becomes  dark  green.  Manganese 
sulphate  in  aqueous  solution  becomes  dark  red.  Potassium  sulphate  in 
cold  saturated  solution  apparently  forms  a  well-crystallised  compound. 

In  conclusion,  we  wish  to  record  our  thanks  to  Mr.  Ernest  Goulding 
for  the  assistance  he  has  given  us  in  connection  with  this  inquiry. 


b 


XXXVI. — Action  of  Ammonia  and  Substituted 
Ammonias  on  Acetylurethane. 

By  George  Young,  Ph,D.,  and  Ernest  Clark. 

On  comparing    the    constitutional  formula  of     ethylic   acetoacetate 
CHg-CO-CHg-COOCaHg,  with  that  of  acetylurethane, 

ch3-co-nh:cooc2H5, 

a  striking  analogy  is  evident,  but  hitherto  little  work  has  been  done 
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towards  instituting  a  comparison  of  the  reactions  of  the  two  com- 
pounds. The  present  research  was  undertaken  with  a  view  of  studying 
the  action  of  ammonia  and  of  substituted  ammonias  on  acetylurethane 
as  compared  with  the  corresponding  actions  on  ethylic  acetoacetate. 
The  latter  forms  two  series  of  derivatives,  as  represented  by  the  two 
schemes, 

I.  CHg-  CO-CH,-  COOEt  +  NH2R  =  CHg- C(NHR):CH-  COOEt  +  H^ 
II.  CHg-  CO-CH^-  COOEt  +  NH,R  =  CHg-  CO-CH^-  CO  -NHR  +  EtOH. 
and  acetylurethane,  if  it  acted  analogously,  would  form  derivatives  of 
acetamidine  respectively  of  acetylcarbamide. 

la.  CHg-  CO-NH-  COOEt  +  NHoR  =  CHg-  C(NR)-NH- COOEt  +  H^O. 
II«.  CHg-  CO-NH-  COOEt  +  NH.R  =  CHg-  CO  -NH-  CO-NHR  +  EtOH. 
Andreocci  (Gazzetta,  1889,  19,  448)  found  that  phenylhydrazine  and 
acetylurethane  yielded  phenylmethyloxytriazole  in  the  same  way  that 
phenylmethylpyrazolone  is  formed  by  the  interaction  of  phenylhydr- 
azine and  ethylic  acetoacetate.     The  formation  of  phenylmethyloxy- 
triazole took  place  in  two  stages ;  the  first,  similar  to  la,  the  second 
to  II«. 
CO-NH-  COOEt-h  CgHj-  NH-NHg  =  C^H5-NH-N:C(CH3)-NH-  COOEt  -i-  HgO. 

C6H5-NH-N:C(CH3)  -NH-  COOEt  =  ^-'eHg-N— — N^^^.^-g^  ^  j,^Qjj 

It  has  also  been  observed  by  Ostrogovitch  (Annalen,  1895,  288, 
318  ;  1896,  291,  377)  that  carbamide  and  acetylurethane  interact 
according  to  both  of  the  above  schemes  la  and  Ila,  yielding  a  closed 
chain  product,  methyldiozytriazine. 

CO  -NH-  COOEt +NH2-  CO  -NHg  =  CHg-  C<^h;^o>NH  +  EtOH  -1-  HA 

We  have  confined  our  investigations  to  substituted  ammonias  un- 
likely to  give  rise  to  cyclo-compounds,  and,  as  is  shown  by  the  experi- 
mental results  described  in  the  following  pages,  the  action  of  ammonia 
or  of  a  substituted  ammonia  on  acetylurethane  leads,  under  most 
conditions,  to  the  formation  of  an  acetylcarbamide.  In  no  case  have 
we  been  able  to  isolate  an  amidine,  but,  under  certain  conditions,  we 
have  obtained  acetamide  and  acetylpiperidine,  in  considerable  amounts, 
by  the  action  of  ammonia  and  of  piperidine,  as  also  smaller  quantities 
of  acetanilide,  acetylnaphthylamine,  and  acetylphenylcarbamide  by 
the  action  of  aniline,  naphthylamine,  and  phenylcarbamide.  These  pro- 
ducts may  be  ascribed  to  hydrolysis  of  acetamidine  derivatives  formed 
according  to  scheme  Irt.  This  point  is  discussed  in  the  description  of 
the  action  of  alcoholic  ammonia.  The  general  results  of  the  investi- 
gation point,  further,  to  a  close  relation  between  the  basicity  of  an 
ammonia  and  its  capability  of  acting  on  acetylurethane.  Ammonia 
and  methylamine  act  easily  at  the  ordinary  temperature  ;  aniline, 
naphthylamine  and  carbamide,  ammonias  of  weaker  basicity  but  stiU 


SUBSTITUTED   AMMONIAS   ON   ACETYLURETHANE.  363 

capable  of  forming  stable  salts,  require  somewhat  higher  temperatures 
ranging  from  120°  to  140°.  Substituted  ammonias,  such  as  diphenyl- 
amine,  acetanilide,  and  acetylcarbamide,  which  do  not  form  stable 
hydrochlorides,  appear  to  be  without  action. 

Action  of  Ammonia. — Kretzschmar  {Ber.,  1875,  8,  103)  states  that 
the  action  of  alcoholic  ammonia  on  acetylurethane  is  -similar  to  that  of 
alcoholic  potash  as  represented  by  the  equation  CH.^'CO'NH-COOEt 
+  2KHO  =  K2CO.^  +  NH3  +  CH3-COOEt.  Although  not  definitely 
stated,  it  is  to  be  inferred  that  the  action  of  alcoholic  ammonia  would 
yield  ethylic  acetate  and  ammonium  carbonate,  CHg*  CO 'NH'COOEt 
+  NH^-OH  +  HgO  =  (NH,)2C03  +  CHg-  COOEt. 

Our  studies  on  the  action  of  ammonia  on  acetylurethane,  both  in 
alcoholic  and  aqueous  solutions,  and  under  varying  conditions  as  to 
temperature  and  pressure,  have  shown  that  the  action  indicated  by 
Kretzschmar  takes  place  only  to  a  small  extent.  When  acetylurethane 
was  left  in  contact  with  alcoholic  ammonia  at  the  ordinary  tempera- 
ture, ethylic  acetate  and  acetylcarbamide  were  formed.  Both  actions 
took  place  very  slowly,  as,  even  after  some  days,  much  acetylurethane 
remained  unchanged.  On  repeating  this  experiment  at  the  boiling 
point  of  water,  neither  ethylic  acetate  nor  acetylcarbamide  could  be 
found  in  the  product,  but  acetamide  had  been  formed  to  the  extent  of 
97  percent,  of  that  required  by  the  equation,  CHg*  CO -NH*  COOEt 
+  H^O  =  CHg-  CO  -NH^  +  EtOH  +  CO2.  At  150°,  under  pressure,  the  ac- 
tion reverted  to  the  formation  of  acetylcarbamide,  and  that  to  such  an 
extent  that  the  product  contained  little  more  than  traces  of  acetamide. 

The  formation  of  acetamide  as  shown  by  the  above  equation  would 
be  analogous  to  the  ketone  hydrolysis  of  ethylic  acetoacetate  ;  this 
explanation  is  unsatisfactory  because  if,  in  the  place  of  alcoholic 
ammonia,  an  alcoholic  solution  of  a  substituted  ammonia  be  used  (see 
action  of  aniline,  &c.),  an  acetylamine  is  formed,  showing  that  the 
nitrogen  of  the  acetamide  is  derived,  not  from  the  urethane,  but  from 
the  ammonia.  This  fact  might  be  accounted  for  in  two  ways.  Firstly, 
by  supposing  the  action  to  take  place  in  the  two  following  stages. 

CHg-  CO  -NH-  COOEt  +  EtOH  =  CHg-  COOEt  +  NHg-  COOEt. 
CHg-  COOEt  +  NH3  =  CHg-  CO  •NH2  +  EtOH. 

Against  this  view  may  be  set  the  fact  that  acetylurethane  remains  un- 
changed when  heated  with  alcohol  in  a  reflux  apparatus  on  the  water 
bath.  The  second  and,  we  think,  more  probable  explanation  of  the 
formation  of  acetamide  is  that  the  action  of  ammonia  on  acetylurethane 
takes  place  pi'imarily  according  to  scheme  la,  with  formation  of 
acetamidinearethane,  which  is  then  hydrolysed,  either  directly  or  with 
intermediate  formation  of  acetamidine,  to  acetamide. 
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CHy-  C(NH)-NH-  COOEt  +  2H2O  =  CHg-  CO-NHg  +  NH3  +  CO^  +  EtOH 
or  CHg-  C(NH)  -NH-  COOEt  +  H,0  =  CHg-  C(NH)  -NH^  +  COg  +  EtOH 
CHg-  C(NH)  -NH^  +  H2O  =  CHg-  CO  •NH2  +  NH3. 

In  the  foregoing  experiments,  no  trace  of  acetamidine  could  be  dis- 
covered amongst  the  products,  a  result  which  was  to  be  expected  in 
view  of  the  well-known  instability  of  this  substance.  Since  acet- 
amidine is  much  more  stable  in  the  form  of  its  hydrochloride,  and  as 
this  salt  is  formed  by  the  action  of  ammonium  chloride,  we  endeavoured 
to  prevent  the  last  stage  of  the  hydrolysis  taking  place,  by  adding  ammo- 
nium chloride  to  the  mixture.  In  this  case  also  no  trace  of  acet- 
amidine could  be  detected. 

Whilst,  as  just  described,  the  action  of  alcoholic  ammonia  on  acetyl- 
urethane  yields  various  products  under  varying  conditions,  the  action 
of  aqueous  ammonia  is  more  simple  ;  whether  at  the  ordinary  tempera- 
ture, at  that  of  the  water  bath  in  a  reflux  apparatus,  or  at  higher 
temperatures  under  pressure,  acetylcarbamide  alone  is  found,  no  trace 
of  either  ethylic  acetate  or  acetamide  could  be  detected.  At  150° 
under  pressure,  the  acetylcarbamide  was  hydrolysed,  carbamide  being 
obtained.  The  effect  of  passing  dry  gaseous  ammonia  into  an  ethereal 
solution  of  acetylurethane  was  also  tried,  but  on  evaporating  the  ether, 
the  acetylurethane  remained  unchanged. 

The  acetamide  obtained  in  these  reactions  was  recognised  by  its 
odour,  its  melting  point  (82 — 83°),  and  its  boiling  point  (223°  at 
751  mm.).  The  specimens  of  acetylcarbamide  obtained  by  the  fore- 
going I'eactions  each  melted,  after  recrystallisation,  at  218 — 219°. 
(Behrend  gives  212°;  Annalen,  1 885, 229,  30).  A  comparison  was  there- 
fore made  with  acetylcarbamide  prepared  by  the  action  of  acetyl  chloride 
on  carbamide ;  the  product,  after  i-ecrystallisation  from  50  per  cent, 
alcohol,  melted  at  218 — 219°.  The  acetylcarbamide  from  acetyl- 
urethane was  analysed. 

01248  gave  0-1610  CO2  and  0-0664  H^O.     C  =  35-18;     H  =  5-91. 
CFg-  CO-NH-  CO  -NHg  requires  C  =  3529  ;  H  =  5-88  per  cent. 

Action  of  Methylamine. — On  allowing  methylamine  either  in  aqueous 
or  alcoholic  solution  to  act  on  acetylurethane  at  the  ordinary  tem- 
perature and  evaporating  the  solution  in  a  vacuum,  prisms  of  acetyl- 
methylcarbamide  melting  at  179 — 180°  were  obtained.  At  higher 
temperatures  under  pressure,  the  result  was  the  same,  but  at  150°, 
using  an  aqueous  solution,  a  small  amount  of  methylcarbamide  was 
also  obtained.  Neither  acetamide  nor  methylacetamide  could  be  found 
amongst  the  products  of  the  action,  which  had,  therefore,  taken  place 
entirely  according  to  scheme  Ila.  The  acetylmethylcarbamide  obtained 
from  acetylurethane  was  analysed. 
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0-1920  gave  0-2920  CO.,  and  0-1176  H.p.     C  =  41-47;  H  =  6-80. 
CHg- CO -NH- CO -NH-CH^  requires  C  =  41 -37;  H  =  6-89  per  cent. 

The  amount  of  methylcarbamide  obtained  was  too  small  to  allow  of 
analysis  ;  it  was  recognised  by  its  melting  point  (102°),  and  by  the 
melting  point  of  its  nitrate  (128°). 

Action  of  Aniline. — Aniline  did  not  act  on  acetylui-ethane  at  100° 
even  on  prolonged  heating,  but  under  pressure,  and  at  temperatures 
ranging  from  125°  to  160°  action  took  place,  the  product  consisting 
principally  of  acetylphenylcarbamide,  along  with  which  there  was 
always  present  a  small  amount  of  acetanilide.  At  125 — 130°,  for 
6  hours,  the  yield  of  acetylphenylcarbamide  was  over  60  per  cent,  of 
the  theoretical.  Changes  in  the  strength  of  the  alcohol  used  as 
solvent  did  not  seem  to  effect  the  result.  The  acetylphenylcarbamide, 
after  recrystallisation  from  hot  water,  melted  at  183°. 

0-1250  gave  0-2777  CO.,  and  0-0639  H2O.     C  =  60-59  ;  H  =  5-68. 
CHg-CO-NH-CO-NH-C^H,.  requires  C- 60-67  ;  H  =  5-61  per  cent. 

The  acetanilide  crystallised  from  water  in  characteristic  leaves  which 
melted  at  112—114°. 

The  action  of  aniline  on  acetylurethane  took  place,  therefore, 
principally  according  to  scheme  Ila,  and  only  to  a  small  extent,  if  at 
all,  according  to  la. 

Action  of  a-  and  fi-Naphthylamines. — Preliminary  experiments 
showed  that  little,  if  any,  action  takes  place  between  a-naphthyl- 
amine  and  acetylurethane  at  temperatux-es  below  130°.  Even  at  150°, 
action  takes  place  but  slowly,  as,  after  several  hours  heating,  un- 
changed naphthylamine  is  still  present.  The  pi-oduct  consists  chiefly 
of  acetyl-a-naphthylcarbamide,  with  small  quantities  of  acetyl-a- 
naphthylamine,  .showing  that,  as  in  the  case  of  aniline,  action  takes 
place  according  to  both  of  the  typical  equations. 

The  acetyl-a-naphthylcarbamide  formed  white,  microscopic  needles 
which  melted  at  214 — 215°,  and  was  identical  in  its  properties  with 
the  compound  prepared  by  the  action  of  acetic  chloride  on  a-napbthyl- 
carbamide  as  described  in  a  previous  paper  (Trans.,  1897,  71,  1201). 

0-1464  gave  0-3678  CO.,  and  00685  H.,0.     C  =  6851  ;  H  =  5-19. 
CHg-CO-NH- CO -NH-Ci^H.  requires  C- 68-42.     H  =  5-26  per  cent. 

For  further  identification,  the  acetyl  derivative  was  hydrolysed  by 
dilute  caustic  soda ;  the  product  crystallised  from  alcohol  in  delicate, 
white  needles,  which  melted  at  213 — 214°,  and  in  all  respects  agreed 
with  that  obtained  by  the  action  of  potassium  cyanate  on  a-naphthyl- 
amine  hydrochloride  {loc.  cit.).  The  a-acetylnaphthylamine  was  recog- 
nised by  its  solubility  in  alcohol  and  its  melting  point  (159 — 160°). 
The  action  of  )8-naphthylamine  on  acetylurethane  took  place  in  the 
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same  manner  and  under  the  same  conditions  as  that  of  a-naphthyl- 
amine ;  the  product  consisted  chiefly  of  /3-acetylnaphthylcarbamide 
which  formed  delicate,  white  needles,  melted  at  202—203°,  and  agreed 
in  its  properties  with  tlie  acetyl  derivative  prepared  by  the  action  of 
acetic  chloride  on  /3-naphthylcarbamide  (Trans.,  1897,  71,  1203). 

0-1220  gave  0-3057  COo  and  0-0577  H.,0.     C  =  68-33;  H  =  5-25. 
CHg-CO-NH-CO-NH-CioH-  requires  c'=  68-42;  H  =  5-26  per  cent. 

A  small  amount  of  ^-acetylnaphthylamine  was  also  isolated.  It  crys- 
tallised from  hot  water  in  long  needles  which  melted  at  130 — 132°. 

Action  of  Piperidine. — By  heating  an  alcoholic  solution  of  piperidine 
and  acetyl urethane  at  150 — 155°,  a  yellowish  solution  having  a  green 
fluorescence  was  obtained.     From  this,  three  products  were  isolated. 

1.  A  solid — not  hygroscopic — crystallising  in  flat,  colourless  plates 
which  melted  at  105 — 107°.     This  occurred  in  small  amount. 

2.  An  extremely  hygroscopic  solid  crystallising  in  colourless  needles 
which  melted  at  107-5— 109°.    This  occurred  in  much  larger  quantities. 

3.  An  oil  boiling  at  about  220°  under  760  mm.  pressure.  This  was 
the  principal  product. 

The  solid,  melting  at  105 — 107°,  was  extremely  solublie  in  water  and 
alcohol,  easily  soluble  in  ether  and  hot  benzene,  less  soluble  in  cold 
benzene  and  hot  light  petroleum ;  it  agreed  in  its  properties  with 
piperidylcarbamide  prepared  by  the  action  of  potassium  cyanate  on 
piperidine  hydrochloride. 

0-1621  gave  0-3346  CO.,  and  0-1350  H.p.     C  =  56-29;  H  =  9-25. 
C^HjoN-CO-NH.,  requires  C  =  56-25  ;  H  =  9-37  per  cent. 

This  piperidylcarbamide  is  formed  by  the  hydrolysis  of  the  second 
product,  which  is  apparently  acetylpiperidylcarbaniide.  Owing  to  its 
extremely  hygroscopic  nature,  satisfactory  analysis  could  not  be  ob- 
tained, but  it  agreed  in  its  properties  with  the  acetyl  derivative 
formed  by  the  action  of  acetic  chloride  on  [)iperidyloarbamide.  Acetyl- 
piperidylcarbamide  crystallises  from  light  petroleum  in  long,  colourless 
needles  which  melt  at  107  5 — 109°,  and  are  extremely  hygro.scopic, 
very  soluble  in  benzene,  chloroform,  and  alcohol,  less  so  in  light 
petroleum.     It  is  not  extracted  from  its  aqueous  solution  by  ether. 

The  oil  constituting  the  third  product  was  fractionally  distilled  ; 
tlie  fraction  pas.sing  over  between  223°  and  224°,  at  750  mm.,  gave  on 
analysis  figures  agreeing  with  those  required  for  acetylpiperidine,  and  on 
hydrolysis  witli  strong  hydrochloric  acid  it  yielded  piperidine. 

01 740  gave  041 83  CO.,  and  0-1570  H.,0.     C  =  65-56  ;  H=  10-02. 
C.H,f,N-CO-CH.,  requires  C  -  6614.     H  -  1023  per  cent. 

Action  of  Phenylcarhamide. — As   has  been  shown  by  Ostrogovitcb, 
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both  the  amidogen  groups  of  carbamide  react  with  acetylurethane,  giving 
rise  to  a  cyclo-compound. 

Preliminary  experiments  with  acetanilide  showed  that  the  group 
CO'NH'CyH^  does  not  enter  into  action  with  acetyhirethane.  With 
phenylcarbamide,  therefore,  only  one  or  other  of  the  two  possible 
actions  would  take  place,  the  closing  of  the  ring  being  prevented  by 
the  presence  of  the  phenyl  group.  As  product  of  the  one  action, 
acetylphenylbiuret,  CHg-CO.-NH-CO-NH-CO-NH-CeH^,  was  to  be 
expected ;  of  the  other,  analogously  to  the  formation  of  acetamide, 
acetylphenylcarbamide. 

Acetylurethane  and  phenylcarbamide  were  heated  together,  both 
with  and  without  a  solvent  (alcohol,  water),  at  temperatures  i-anging 
up  to  150°  Below  120°,  no  action  took  place.  Above  that  tempera- 
ture, the  product  consisted  chieHy  of  s-diphenylcarbamide  and  acetyl- 
phenylcarbamide, with  small  (quantities  of  carbamide,  cyanuric  acid, 
and  acetanilide  ;  we  could  not  discover  any  traces  of  acetylphenyl- 
biuret or  of  phenylbiuret.  Control  experiments  showed  that  phenyl- 
carbamide, under  similar  conditions,  yielded  s-diphenylcarbamide, 
carbamide,  cyanuric  acid,  and  aniline.  The  small  amount  of  aniline 
was  just  sufficient  to  account  for  the  appearance  of  acetanilide  amongst 
the  products  of  the  action  with  acetylurethane. 

The  action  of  acetylurethane  and  phenylcarbamide  may  be  con- 
sidered as  resulting  in  the  formation  of  an  acetamidine  which,  under 
the  conditions  of  the  action,  becomes  hydrolysed  to  acetylphenyl- 
carbamide. 

CHg-  CO -NH-  COOEt  +  CgHj-NH-  CO  -NH.^  =  CH3-C<™'J:^^.  ^  jj  +  HgO. 

The  s-diphenylcarbamide  obtained  melted  at  238—239°  and  boiled 
at  262°. 

0-1235  gave  0-3322  COg  and  0-0620  H2O.     C  =  73-38  ;  H  =  5-58. 
CO(NH-CgH5)2  requires  C  =  73-58  ;  H  =  5-66  per  cent. 

It  is  of  some  interest  to  note  that  phenylcarbamide  yields  consider- 
able quantities  of  s-diphenylcarbamide  when  merely  boiled  with  water. 
Action  of  Acetaviide. — When  acetamide  and  acetylurethane  are  heated 
together  at  160°,   without  a  solvent,  the  product  consists  of  acetyl- 
carbamide  and  ethylic  acetate.     The  action  probably  takes  place  in 
two  stages, 
CHg-  CO  -NH-COOEt  -f  NH,-  CO-CHg  =  CH3-  CO  -NH-  CO-NH-  CO-CH,  -t-  EtOH, 
CHg-  CO  -NH-  CO  -NH-  CO-CHg  +  EtOH  =  CHg-  CO  -NH-  CO  -NH^  +  CHg-  COOEt. 
The  acetylcarbamide  obtained  melted,  after  recrystallisation  from  50 
per  cent,  alcohol,  at  218^219°. 

0-1537  gave  0-1983  COg  and  0-0818  HgO.     C  =  35-18  ;  H  =  5-91. 
CHg-CO-NH-CO-NHg  requires  C  =  35-29  ;  H  =  5-88  per  cent. 
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Diphenylamine,  acetylcarbamide,  and  acetanilide  were  also  heated 
with  acetylui-ethane  under  varying  conditions  as  to  solvent,  tempera- 
ture, and  pressure,  but  in  no  case  could  any  product  of  interaction  be 
observed. 
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XXXVII. — Formation   of  Oxytriazoles  from 

Semicarhazides. 

By  George  Young,  Ph.D.,  and  Benjamin  Mitchell  Stockwell,  B.Sc. 

In  previous  papers  (Trans.,  1895,  67,  1063;  1897,71,  200),  it  was 
shown  that  diphenyloxytinazole  is  formed  when  a  mixture  of  phenyl- 
semicarbazide  and  benzaldehyde  is  oxidised  by  alcoholic  ferric  chloride, 

C^H.-N^H^-  CO  -NH^  +  CgH.-COH  +  0  =  q^h^.  ^  :n><^-C>H  +  2H2O. 
The  action  could  also  be  carried  out  in  the  two  separate  stages, 

1 .  CgH^-NgHg-  CO  -NHg  +  0  =  CgH^-N,-  CO  •NH2  +  H,0 

2.  CgH.-No-  CO  -NH,  +  CgHg- COH  =  (C6H5).C,N3-iOH  +  H^O. 

In  place  of  benzaldehyde,  other  aromatic  aldehydes,  such  as  nitro 
benzoic,  toluic,  terephthalic,  and  cinnamic  aldehydes  could  be  used, 
but  not  fatty  aldehydes,  such  as  formic,  acetic,  and  isobutyric  aldehydes. 
The  action  has  now  been  applied  to  other  semicarhazides  of  the  type 
R'NH'NH'CO'NHg,  and  so  far  as  the  investigation  has  extended 
the  results  show  the  above  method  of  forming  oxytriazoles  to  be  appli- 
cable to  all  semicarhazides  of  this  type,  whether  II  be  a  fatty  or  an 
aromatic  radicle. 

The  present  paper  contains  an  account  of  some  oxytriazoles  formed 
from  aromatic  semicarhazides,  along  with  some  other  new  substances 
prepai'ed  in  the  cour.se  of  the  work. 

Paratolylsemicm-bazide,  CHg-C^jH^-NH-NH-CO-NH,  [4:1]. 

This  compound  has  been  previously  described  by  Pinner  {Ber.,  1888, 
21,  1221),  who  prepared  it  by  heating  paratolylhydrazine  and  carb- 
amide, crystallising  in  leaves,  melting  at  157 — 158°,  and  easily  soluble 
in  hot  water,  less  so  in  cold  water,  soluble  also  in  alcohol.  The 
properties  of  our  preparation,  formed  by  the  action  of  potassium 
cyanate  on  paratolylhydrazine  hydrochloride,  agreed  with  those  given 
by  Pinner,  except  in  regard  to  the  melting  point,  which  we  have 
observed  to  be  187—188°. 

0-1509  gave  0-3211  CO.  and  0-0912  H,0.     C  =  58-03  ;  H  =  6-71. 
CHg-C^H^-NH-NH-CO-NHa  requires  0  =  5818;  H  =  6-66  per  cent. 
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The  acetyl  and  benzoyl  derivatives  of  paratolylphenylsemicarbazide 
were  prepared  by  VVidman's  method. 

Acetyl  paratobjlsemicarhazide,  C7H7-N(CO*CH3)'NH*CO"NH2,  crys- 
tallises in  colourless,  shining  plates,  which  melt  at  31 2*5'^  and  are 
soluble  in  hot  water,  less  so  in  alcohol  and  ether. 

0-1908  gave  34-1  c.c.  moist  nitrogen  at  14°  and  734  mm.    N  =  20-29. 
CjqHj3N302  requires  N  =  20-28  per  cent. 

Benzoylparatolylsemicarbazide,  (3^Y{^-^{Q>jB.^0)'^H'  CO  'NHg,  formed 
colourless,  shining  leaves  melting  at  218°. 

0-1346  gave  0-3297  CO^  and  0-0690  H2O.     C  =  66-80  ;  H  =  5-69. 
Cj5Hj5N302  requires  C  =  66-91  ;  H  =  5-57  per  cent. 

Paratolylazocarbamide,  CyH^'NIN*  CO  'NHg. 

The  azocarbamide  was  prepared  from  the  semicarbazide  by  the  action 
of  potassium  permanganate  in  hot,  dilute  sulphuric  acid  ;  the  solution, 
on  cooling,  deposited  yellowish-red  crystals,  which,  after  recrystallisa- 
tion  from  hot  water,  melted  at  142°.  Paratolylazocarbamide  is  easily 
soluble  in  hot  water,  alcohol,  and  ether. 

0-1688  gave  37-6  c.c.  moist  nitrogen  at  15°  and  748  mm.     N  =  25-66. 
C8HgN30  requires  N  =  25-76  per  cent. 

CHg-CgH.-N— N 

b-Plienyl-1-paratolyl-Z-hydroxytriazole,         (4)        (i)  i ^C'OH. 

This  oxytriazole  was  prepared  by  oxidising  an  alcoholic  mixture  of 
paratolylsemicarbazide  and  benzaldehyde  by  means  of  ferric  chloride, 
and  can  also  be  obtained  by  heating  a  mixture  of  paratolylazocarb- 
amide, benzaldehyde,  ferrous  chloride,  and  alcohol  in  a  sealed  tube  at 
120 — 130°.  When  recrystallised  from  alcohol,  phenylparatolylhydr- 
oxytriazole  formed  colourless,  prismatic  needles  melting  at  242°.  It 
is  easily  soluble  in  hot  alcohol,  in  dilute  alkalis,  in  warm  alkali 
carbonate  solutions,  and  in  hot,  concentrated  hydrochloric  acid,  from 
the  latter  of  which  it  is  precipitated  unchanged  by  the  addition  of 
water.  The  ammoniacal  solution,  on  gently  warming,  loses  ammonia 
and  deposits  the  oxytriazole  in  crystalline  scales.  The  alkaline  solu- 
tions do  not  reduce  Fehling's  solution  or  silver  nitrate. 

0-1525  gave  0-4004  CO2  and  0-0727  H2O.     C  =  71-61;  H  =  5-29. 

0-1728     „     24-7  c.c.  moist  nitrogen  at  14° and  759  mm.    ]Sr=  16-79 

C6H5-(C7H7)C2N3- OH  requires C  =  71-71  ;  H  =  5-17;  N  =  16-73p,c. 

The  addition  of  silver  nitrate  to  the  ammoniacal  solution  throws 
down  the  silver  derivative  of  phenylparatolylhydroxytriazole  as  a  white. 
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curdy  precipitate  ;  this,  after  being  dried  at  the  ordinary  temperature, 
loses  weight  when  heated  at  110^,  but  the  loss  does  not  correspond  to 
any  definite  molecular  propoi'tion  of  water. 

10716,  dried  at  110°,  gave  0-4264  AgCl.     Ag  =  29-97. 

CgN5*(CyHY)C2N3'OAg  requires  Ag  30-16  per  cent. 

AcetylpJieru/lparalohjloxytriazole,  C^Hr/  (C7H7)C2N30"CO'CH3,  pre- 
pared by  boiling  the  hydroxytriazole  with  acetic  anhydride  and  fused 
sodium  acetate,  is  easily  soluble  in  ether,  alcohol,  and  glacial  acetic 
acid.  When  crystallised  from  dilute  alcohol,  it  formed  masses  of  white, 
delicate  needles  melting  at  112 — 113°. 

0-1447  gave  0-3688  COg  and  0-0678  HgO.     C  =  69-51 ;  H  =  5-20. 
Ci3Hj2-C2N30'C2H30" requires  C  =  69*62  ;  H  =  5-12  per  cent. 

The  acetyl  derivative  is  hydrolysed  by  boiling  potassium  carbonate 
solution  and  by  dilute  hydrochloric  acid,  yielding  phenylparatolyl- 
oxytriazole  melting  at  242°. 

Benzoylphenyljxiratolyloxylriazole,  C^  H.  •  (C^  H>. )  C.,N.;0  •  C^  H^O,  pre- 
pared by  acting  with  benzoic  chloride  on  the  silver  salt,  is  easily 
soluble  in  alcohol,  and  crystallises  from  dilute  alcohol  in  thin,  shining 
plates  which  melt  at  132°.  It  is  slowly  hydrolysed  when  boiled  with 
potassium  carbonate  solution. 

0-2128  gave  20-6  c.c.  moist  nitrogen  at  1 1°  and  775  mm.    N  =  1 1  -77. 
CigHig'CgNgO'CyHjO  requires  N  =  11*83  per  cent. 

Phenylparatolyletlioxylriazole,  C^H.^'{G^H^)Q,^  o,'OG.^r,  was  ob- 
tained by  the  action  of  ethylic  iodide  on  the  silver  salt  as  a  yellow, 
viscid  oil  which  gradually  solidified  when  kept  for  some  time.  After 
being  washed  on  a  porous  plate  with  light  petroleum,  it  melted  con- 
stantly at  51 — 52°.  -  It  is  easily  soluble  in  alcohol,  ether,  benzene,  and 
warm  light  petroleum,  separating  from  the  solvent  as  an  oil  which 
gradually  solidifies.     It  is  not  attacked  by  boiling  acids  or  alkalis. 

0-1728  gave  0-4628  CO2  and  0'0964  H2O.     C  =  73-04;  H  =  6-19. 
CigHij-CaNgO-CaHj  requires  C  =  73-12  ;  H  =  609  per  cent. 

(i-Naphthylseinicarbazide,  CioH7*NH*NH-CO'NH2. 

This  has  been  previously  prepared  by  Pinner  {Ber.,  1888,  21,  1222) 
by  heating  ^-naphthylhydrazine  hydrochloride  with  carbamide.  The 
product  is  described  as  forming  thin  leaves,  which  melted  at  225° 
and  were  sparingly  soluble  in  hot  alcohol.  Hillringhaus  {Ber.,  1889, 
22,  2657)  also  prepared  the  substance,  making  use  of  the  action  of 
potassium  cyanabe  on  /i-uaphtliylhydrazine  hydrochloride,  and  de- 
scribed it  as  forming  silky  leaves   which   melted  at   221°  and  were 
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easily  soluble  in  hot  alcohol.  Using  the  same  method  as  Hillringhaus, 
we  obtained  a  product  which  was  easily  soluble  in  hot  alcohol,  and 
after  repeated  recrystallisation  melted  sharply  at  225°. 

0-1767  gave  31-9  c.c.  moist  nitrogen  at  15°  and  756  mm.  N  =  21-02. 
CjoH^-NaHg-CO-NHg  requires  N  =  20-89  per  cent. 

5-Phenyl-l-l3-naphthyl-3-h7/droxytriazole,  ^io^t'N "N^coH. 

CgHt 'C .N 

This  hydroxytriazole,  prepared  by  oxidising  a  mixture  of  benz- 
aldehyde  and  /3-naphthylsemicarbazide,  is  easily  soluble  in  hot 
alcohol,  from  which  it  crystallises  on  cooling  in  almost  colourless 
prismatic  needles  melting  at  274 — ■275°.  It  is  easily  soluble  in 
alkalis,  insoluble  in  dilute  acids.  The  alkaline  solutions,  which  are  of 
a  deep  carmine  colour,  do  not  reduce  Fehling's  solution.  The  hydroxy- 
triazole separates  from  its  ammoniacal  solution  on  warming. 

0-1561  gave  0-4304  CO.^  and  0-0646  H,0.     C  =  75-19  ;  H  =  4-59. 
C^oH--(C,3H^)CoN3-OH  requires  C  =  75-26  ;  H  =  4-53  per  cent. 

The  addition  of  silver  nitrate  to  the  ammoniacal  solution  threw 
down  the  silver  derivative  as  a  yellow,  amorphous  precipitate. 

1-1660,  dried  at  110°,  gave  0-4228  AgCl.     Ag  =  27-31. 

C^oH7-(CgHj,)C2N3-OAg  requires  Ag  =  27-41  per  cent. 

Acetijlphenyl-^-naphthyloxytriazole,  Q^r^'(P-^^^^)G.^^O'G.-^^0,  was 
prepared  by  boiling  the  hydroxytriazole  with  acetic  anhydride  and  fused 
sodium  acetate.  After  recrystallisation  from  a  mixture  of  benzene 
and  light  petroleum,  it  forms  grey,  transparent,  prismatic  needles 
melting  at  142 — 143°,  and  is  easily  soluble  in  ether  or  benzene,  less 
so  in  alcohol,  and  only  .sparingly  in  light  petroleum.  It  is  hydrolysed 
by  boiling  alkalis  and  dilute  acids. 

0-1718  gave  0-4587  CO.,  and  00727  H.,0.     0  =  72-81  ;  H  =  4-70. 
OioH;-(O^H^)0,N30-C,H30  requires  0  =  72-94  ;  H  =  4-56  per  cent. 

Benzoylp]ienyl-(i-napht]i.yloxytriazole,  {j^llr;{Qi^'j)O^.Xy'G>j^^O,  ob- 
tained by  the  action  of  benzoic  chloride  on  the  hydroxytriazole, 
crystallised  from  alcohol  as  a  slightly  yellow,  crystalline  powder 
which  melted  at  141 — 142°.  It  is  fairly  soluble  in  hot  alcohol,  less 
so  in  cold  alcohol,  and  only  slightly  in  ether.  It  is  slowly  hydrolysed 
when  boiled  with  a  solution  of  potassium  carbonate. 

0-2055  gave  19-0  c.c.  moist  nitrogen  at  16-5°  and  762  mm.  N  =  10-78 
OgH5-(CioH7)02N30-0;H^O  requires  N=  10-74  per  cent. 

The  action   of  ethylic  iodide   on   the   silver  derivative  of   pheny 
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naphthylhydroxytriazole  yielded  a  yellow,  viscid  oil  which  did  not 
solidify  even  on  prolonged  keeping.  It  was  easily  soluble  in  alcohol, 
ether,  benzene,  and  warm  light  petroleum.  It  was  not  further  inves- 
tigated. 

Metanitrophenylsemicarbazide,  NOg'CgH^-NH'NH-CO'NHg  [3  : 1]. 

This  was  prepared  by  the  action  of  potassium  cyanate  on  metanitro- 
phenylhydrazine  hydrochloride.  It  crystallises  from  alcohol  in 
delicate  needles  which  melt  and  decompose  at  195°;  it  is  easily 
soluble  in  hot  water  or  alcohol,  but  only  slightly  in  boiling  ether  and 
benzene. 

0-1280  gave  31-8  c.c.  moist  nitrogen  at  19°  and  756  mm.  N  =  28-40. 
NOa'CcH^-NgH^'CO-NHg  requires  N  =  28-57  per  cent. 

Benzoylmetanitrophenylsemicarhazide, 

NO,-  CV,H^-N(CO-  O^H5)-NH-CO-NH2, 
crystallises   from  alcohol  in  colourless,  shining  plates   which  melt  at 
188 — 189°.     It  is  easily  soluble  in  boiling  alcohol,  almost  insoluble  in 
ether  and  benzene. 

0-1907  gave  31-8  c.c.  moist  nitrogen  at  22°  and  748  mm.  N  =  18-58. 
Cj^Hj.^N^O^  requires  N  =  18-66  per  cent. 

MetanitropJienylazocarhamide,  NO,*  CjjH^'NIN'CO'NH,. 

The  azocarbamide  was  prepared  by  the  action  of  potassium  perman- 
ganate on  the  corresponding  semicarbazide.  The  red  crystalline  pro- 
duct, after  recrystallisation  from  water,  melted  at  168 — 169°  ;  it  was 
moderately  soluble  in  hot  water  and  benzene,  readily  in  boiling  alcohol 
or  ether. 

0-1870  gave  469  c.c.  moist  nitrogen  at  19°  and  761  mm.  N  =  28-85. 
CyHgN^Og  requires  N=  28-86  per  cent. 

NO^-CgH^-N— N 
5-Pheni/l-l-tnetanitropheni/l-3-hydrn:v)/triazole,  (3)       (i)  |  ^C'OH. 

C,H,-C=N'^ 

This  liydroxytriazole  was  prepared  by  oxidising  a  mixture  of 
benzaldehyde  and  metanitrophenylsemicarbazide,  and  also  by  condens- 
ing, under  conditions  similar  to  those  used  in  previous  cases,  benzalde- 
hyde with  metanitrophenylazocarbamide.  Metaniti-odiphenylhydroxy- 
triazole  .separates  from  alcohol  as  a  yellowish,  crystalline  powder 
which  melts  at  235°.  It  is  easily  soluble  in  hot  alcohol  and  ether, 
and  slightly  so  in  boiling  benzene,  crystallising  out  on  cooling  in 
clustez's  of  minute  needles.     It  dissolves  easily  in  dilute  alkalis  and 
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in  warm  alkali  carbonate  solutions  ;  the  alkaline  solutions  do  not 
reduce  Fehling's  solution.  It  is  soluble  in  warm  concenti*ated  hydro- 
chloric acid,  and  separates  from  the  solution  unchanged  on  the  addition 
of  water. 

0-1976  gave  0-4299  CO2  and  0-0629  Hp.     C  =  59-33;  H  =  3-53. 
NO^'Ci^Hg-C^Ng-OH  requires  C  =  59-57  ;  H  =  3-54  per  cent. 

On  adding  silver  nitrate  to  the  ammoniacal  solution  of  nitrodiphenyl- 
hydroxytriazole,  the  silver  derivative  is  thrown  down  as  a  yellow  precipi- 
tate, which,  after  being  dried  in  a  vacuum,  lost,  when  heated  at  110°, 
weight  approximately  equivalent  to  IH.^O. 

1-3275  lost,  at  110°,  0-0617  H.p.     H,0  =  4-65. 

NO^-CjoHg-CoNgOAg  +  Hp  requires  H2O-4-42  per  cent. 
1-2671,  dried  at  110°,  gave  0-4708  AgCl.     Ag  =  27-43. 

]Sr02-Ci2H9-C2N3-OAg  requires  Ag  =  27-76  per  cent. 

Acetyhnetanitrodiphenyloxylriazole,  '^0.2Cy^^'C^  .^O'Q^^^^O,  pre- 
pared by  boiling  the  hydroxytriazole  with  acetic  anhydride  and  fused 
sodium  acetate,  crystallised  from  alcohol  in  shining  prisms  melting  at 
130 — 132°.  It  is  easily  soluble  in  hot  ether,  alcohol,  and  benzene, 
and  is  quickly  hydrolysed  by  boiling  with  alkalis  or  dilute  acids. 

0-2276  gave  34-5  c.c.  moist  nitrogen  at  20°  and  757  mm.  N  =  17-27. 
N02-C^2H9'C2N30-C2H30  requires  N  =  17-28  per  cent. 

Benzoylvietanitrodiphenyloxytriazole,  '^O.^'QyjH^i^'C^ ^O'C^^H^O,  ob- 
tained by  the  action  of  benzoic  chloride  on  the  silver  derivative,  crys- 
tallised from  dilute  alcohol  in  white,  delicate  needles  which  melted  at 
168°  ;  it  was  easily  soluble  in  alcohol  and  ether.  Hydrolysis  by  means 
of  boiling  dilute  alkalis  and  acid  took  place  much  more  slowly  than 
with  the  acetyl  derivative. 

0-2101  gave  267  c.c.  moist  nitrogen  at  15-5°  and  752  mm.    N  =  1469. 
N02'Ci2H9-02N30-CVH50  requires  1^=  14-50  per  cent. 

Nitrodiphenylethoxytriazole,  NOg-C^gHg-CgNo-OCgH,,  was  formed  by 
boiling  the  silver  derivative  with  ethylic  iodide.  When  recrystallised 
from  alcohol,  it  separated  as  yellow,  shining  needles  which  melted  at 
96°,  and  were  easily  soluble  in  alcohol,  ether,  and  benzene.  It  is  not 
attacked  by  boiling  acids  or  alkalis. 

0-1882  gave  0-4260  CO,  and  0-0794  H.O.     0  =  61-73;  H  =  4-68. 
N02-C^2H9-C2N30 -02115  requires  0  =  61-93  ;  H  =  4-51  per  cent. 
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XXXVIII. —  Yellow  Colouring  Priyiciples  contained  in 
vay^ious  Tannin  Matters.  Part  V.  Pistacia  len- 
tiscuSy  P.  terehinthus,  Tamaris  africana,  T.  gallica, 
Ailanthus  glandulosa,  Ficus  carica. 

By  Arthur  George  Perkin,  F.R.S.E.,  and  Percival  John  Wood, 

In  previous  communications,  it  was  shown  that  numerous  well-known 
tannin  matters  contain  yellow  colouring  principles,  which  consist 
either  of  ellagic  acid  or  members  of  the  quercetin  group.  During  the 
investigation  of  Sicilian  sumach  (Trans.,  1896,  69,  1299),  the  attention 
of  one  of  us  was  directed  to  the  excessive  adulteration  that  the  com- 
mercial article  is  frequently  subjected  to,  much  care  on  this  account 
being  necessary  to  ensure  that  the  material  then  examined  was  a  pure 
sample  of  the  leaves  of  the  Rhus  cor iaria.  It  was  interesting,  how 
ever,  to  examine  also  authentic  samples  of  the  adulterants,  could 
these  be  procured,  and  the  present  time  was  opportune,  as  we  had 
promise  of  the  aid  of  Prof.  Procter  on  points  of  interest  with  reference 
to  the  tanning  powers.  Owing,  apparently,  to  the  desire  of  the 
Sicilians  to  keep  the  nature  of  these  adulterants  secret,  attempts  to 
procure  them  were  at  first  a  failure,  although  application  to  Sicily  was 
made  for  us  by  large  and  well-known  merchants  in  this  country. 
Ultimately,  we  were  fortunate  in  obtaining  the  aid  of  Mr.  P.  Gennadius, 
the  Director  of  Agriculture  of  Cyprus,  who  readily  supplied  us  with 
the  required  materials,  for  which  our  best  thanks  are  due. 

Owing  to  the  excessive  adulteration  of  sumach,  the  quantity  ex- 
ported from  Palermo  has  continually  decreased  [Bulletin  of  Miscella- 
neous Information,  Ptoyal  Gardens,  Kew,  Nov.,  1895,  p.  294),  and  this 
has  been  discussed  in  the  Eco  dei  Campi.  e.  del  Boschi  (Rome,  Feb.  16, 
1897,  p.  99)  and  Bulletin  de  la  Societe  nationale  d' Acclimation  (Paris, 
May,  1896).  The  adulteration  consists  in  grinding  with  the  sumach  the 
leaves  of  other  plants,  principally  those  of  Pistacia  lentiscus,  Ficus  carica, 
Ailanthus  (/landulosa,  Tamaris  africana,  and  probably  filso  Arctostaphylos 
uva  ursi,  and  such  a  mixture,  when  ground,  does  not  differ  in  appear- 
ance from  ground  sumach  itself.  With  the  aid  of  the  microscope, 
however,  it  has  lately  been  found  possible  to  detect  this  adulteration 
to  some  extent,  for,  of  the  above  plants,  the  leaves  of  the  R.  coriaria 
(sumacli)  alone  are  covered  with  minute,  hair-like  threads.  The  difficulty 
could  bu  readily  overcome  by  importing  sumacli  in  the  unground  leaf 
form  only  ;  any  foreign  admixture  would  then  be  at  once  visible.  It 
is  worthy  of  remark  that  Cyprus  exports  annually  much  unadulterated 
sumach  in  leaves. 
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ristada  lentiscus  (Mastic  Tree).*- 

The  Pistacia  lentiscus  is  a  small  tree  about  20  feet  high  with  ever- 
green leaves,  which  grows  abundantly  in  most  parts  of  Cyprus,  where 
it  is  called  "  shinia."  Mastic,  or  mastick,  is  the  resin  of  the  tree,  and 
this  is  obtained  by  making  transverse  incisions  in  the  bark.  For 
some  time,  the  leaves  were  exported  to  England  by  the  Cyprus  com- 
pany, but  now  are  hardly  known  in  this  country,  although  a  consider- 
able quantity  is  consumed  at  Lyons,  in  France,  as  an  assistant  dyeing 
material  for  silk  stuffs.  About  10,000  tons  are  exported  from  Tunis 
to  Sicily  annually  at  a  price  of  Is.  per  100  kilos.,  and  are  re-exported 
from  there  (as  sumach  ])  at  3s.  Id.  to  5s.  Id.  for  the  same  quantity.t 

For  the  sample  examined,  we  are  indebted  to  the  kindness  of  Mr.  P. 
Gennadius,  the  Director  of  Agriculture  of  Cyprus.  One  thousand 
grams  of  the  ground  leaves  were  extracted  with  10  kilos,  of  boiling 
water  for  7  to  8  hours,  and  the  light  brown  extract,  which  had  the 
characteristic  odour  of  mastic,  was  treated  at  the  boiling  temperature 
with  a  solution  of  56  grams  of  lead  acetate.  The  precipitate,  which  at 
first  was  yellow,  became  nearly  colourless  on  digestion,  and  this  precipi- 
tate, which  is  a  lead  compound  of  the  tannin  matter  only,  was  removed 
by  filtration  and  washed.  On  adding  lead  acetate  to  the  filtrate,  a  perma- 
nent yellow  precipitate  was  formed,  and  to  this,  ammonia  was  added, 
drop  by  drop,  until  the  colour  no  longer  increased  in  intensity ;  it  was 
then  collected,  washed,  and  poured  into  dilute  sulphuric  acid,  and,  after 
the  removal  of  lead  sulphate,  the  reddish-brown  liquid  was  repeatedly 
extracted  with  ether.  On  evaporating  these  extracts,  a  somewhat 
viscous  residue  was  left,  which,  on  treatment  with  boiling  water,  de- 
posited yellow  flocks ;  these  were  collected  (the  filtrate  A  being 
reserved  for  examination)  and  purified  by  two  or  three  crystallisations 
from  dilute  alcohol. 

0-1147  gave  0-2365  CO  and  00345  H^O.     C- 56-23  ;  H  =  3-34. 
C^jHj^Og  requires  C  =  56-60  ;  H  =  3*14  per  cent. 

In  this  manner,  the  yield  of  colouring  matter  was  1-5  grams,  or 
0-15  percent.  This  was  obtained  as  a  lustrous  mass  of  yellow  needles, 
soluble  in  strong  potassium  hydroxide  solution  with  a  yellow  coloration, 
which,  on  dilution,  changed  to  a  deep  green.  With  aqueous  lead 
acetate,  it  gave  an  orange-red  precipitate,  and  reacted  readily  with 
mineral  acids  to  form  crystalline  compounds. 

It  was  acetylated  in  the  usual  manner,  and  the  product,  after  being 
purified  by  crystallisation  from  alcohol,  was  obtained  as  a  lustrous 
mass  of  colourless  needles  melting  at  205 — 206°. 

*  Known  in  Sicily  under  the  name  of  "  Stinco." 

t  Pamphlet  No.  1,  Shinia  Leaves,  November,  1896,  by  P.  G.  Gennadius. 
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0-1274  gave  0-2665  CO2  and  0-0482  Up.     C  =  57-04 ;  H  =  4-20. 
Ci5H^08(aH30)6  requires  C  =  56-84  ;  H  =  3-86  per  cent. 

From  the  colouring  matter,  by  fusion  with  alkali,  two  products 
were  obtained,  melting  respectively  at  210°  and  238 — 240°.  The 
former  was  found  to  be  phloroglucinol,  and  the  latter,  which  gave  a 
blue-black  coloration  with  ferric  chloride,  was  evidently  gallic  acid. 

The  colouring  matter  of  the  leaves  of  Pistacia  lentiscus  is,  there- 
fore, identical  with  myricetin,  which  has  been  previously  shown  to 
exist  in  Rhus  coriaria,  or  Sicilian  sumach  (Trans.,  1896,  69,  1299), 
li.  cotinus  (Trans.,  1897,  71,  1136),  and  the  Myricanagi  (Trans.,  1896, 
69,  1287). 

The  filtrate,  A,  from  the  crude  colouring  matter,  was  treated  with 
sodium  hydrogen  carbonate  and  extracted  with  ether,  which  removed 
the  last  traces  of  myricetin,  and  the  aqueous  liquid  was  then  neu- 
tralised with  acid,  again  extracted  with  ether,  and  the  extract  evapo- 
rated. The  brown,  semi-crystalline  residue  was  dissolved  in  water, 
and  the  solution  saturated  with  salt,  which  caused  the  separation  of  a 
viscous  product ;  this  was  removed  by  filtration,  and  from  the  filtrate, 
by  means  of  ether,  a  crystalline  acid  was  extracted  which,  after  recrys- 
tallisation  from  water,  were  obtained  in  a  colourless  condition. 
0-1 100  gave  0-2002  CO^  and  0-0360  H^.  C  =  49-63  ;  H  =  3-63. 
CyHgOg  requires  C  =  49-41  ;  H  =  3-53  per  cent. 

This  melted  at  238 — 240°  with  evolution  of  gas,  gave  with  ferric 
chloride  a  blue-black  coloration,  and  evidently  consisted  of  gallic  acid. 

Judging  from  this  result,  and  also  from  the  fact  that  an  aqueous 
extract  of  shinia  leaves  dyes  calico  mordanted  with  iron  a  blue-black 
shade,  it  appeai-ed  probable  that  the  tannin  which  they  contain  was 
ordinary  gallotannin.  The  deep,  red-brown  coloration  produced  on  boil- 
ing an  extract  of  the  leaves  with  dilute  sulphuric  acid  was,  however, 
a  property  usually  indicative  of  a  catechol  rather  than  a  gallotannin  ; 
moreover,  some  qualitative  tests  which  Prof.  Procter  kindly  carried 
out  for  us  also  hardly  corroborated  this  view.  Although,  as  men- 
tioned in  previous  communications,  it  is  not  the  intention  in  these 
papers  to  critically  examine  the  tannin  contained  in  the  plants  under 
examination,  it  was  necessary,  in  this  case,  to  make  some  search  for  the 
explanation  of  the  above  discrepancies. 

Tice  Tanniii. — An  alcoholic  extract  of  the  leaves  was  evaporated  to 
a  small  bulk,  and  the  deep-green  liquid  poured  into  water  and  re- 
peatedly extracted  with  ether  to  remove  chlorophyll,  wax,  and  resinous 
matter.  The  aqueous  solution  was  now  extracted  with  ethyl ic  acetate 
until  no  more  tannin  was  dissolved,  and  the  combined  extracts  were 
carefully  evaporated ;  an  orange-brown,  friable  product  was  thus  ob- 
tained, readily  soluble  in  water  with  formation  of  a  pale   brown  solu- 
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tion  almost  free  from  resinous  and  suspended  matters.  To  the 
aqvxeous  liquid,  a  little  salt  was  added,  the  small  quantity  of  precipitate 
thus  formed  removed,  the  filtrate  extracted  with  ethylic  acetate,  and 
this  solution  evaporated  to  a  small  bulk.  The  addition  of  ether  caused 
the  precipitation  of  a  trace  of  a  brown  product  together  with  some 
tannin  matter,  and  the  now  nearly  colourless,  supernatant  liquid  was 
carefully  evaporated.  A  pale,  intumescent,  friable  residue  remained, 
having  the  appearance  of  a  very  puregallotaunic  acid,  but  examination 
showed  that  it  contained  some  yellow  colouring  matter,  pi'obably  the 
glucoside  of  myricetin,  which  caused  it  to  give,  with  iron  salts,  the  re- 
actions of  a  catechol  tannin  \  it  yielded,  however,  no  precipitate  with 
bromine  water,  which  is  characteristic  of  the  latter.  Not  having 
sufficient  material  to  effect  its  further  purification  by  fractional  pre- 
cipitation with  lead  acetate,  its  behaviour  with  boiling  dilute  sulphuric 
acid  was  studied,  for  in  this  way  catechol  tannins  usually  form  red  anhy- 
drides or  phlobophanes,  whereas  gallotannin  yields  gallic  acid.  A 
small  quantity  of  an  orange-brown  precipitate  was  formed,  which,  on 
investigation,  proved  to  be  crude  myricetin  ;  this  was  removed  by  filtra- 
tion, the  filtrate  extracted  with  ether,  and  the  extract  evaporated.  The 
residue,  after  purification,  formed  colourless  needles  melting  at 
238 — 239°,  which  had  the  reactions  of  gallic  acid.  It  thus  appeared 
that  the  above  product  was  gallotannic  acid  contaminated  with  the 
glucoside  of  myricetin. 

The  aqueous  liquid  which  had  been  already  extracted  with  ether 
still  contained  a  considei*able  quantity  of  a  tannin  and  also  colouring 
matter,  both  probably  as  glucosides.  To  remove  the  latter,  lead 
acetate  was  added  to  the  solution  as  long  as  the  precipitate  formed  was 
free  from  yellow  colour  after  digestion  at  the  boiling  heat ;  for  it  has 
been  shown  in  these  communications  that  the  main  bulk  of  the  tannin 
is  thus  thrown  down  before  the  glucosides  of  the  yellow  colouring 
matters,  as  these  require  for  their  precipitation  an  excess  of  the 
reagent.  The  precipitate  was  collected,  washed,  suspended  in  water, 
decomposed  with  sulphuretted  hydrogen,  and  the  lead  sulphide  re- 
moved by  filtration.  The  filtrate,  after  repeated  extraction  with  ethylic 
acetate,  was  evaporated  to  dryness,  and  an  alcoholic  solution  of  the 
brown  residue  treated  with  etber,  until  the  supernatant  liquid  was 
almost  colourless.  This  was  decanted  and  slowly  evaporated,  there 
being  thus  obtained  a  pale  brown,  transparent,  brittle  product,  which, 
when  heated  to  100°,  apparently  suffered  some  decomposition,  in  that  it 
became  of  a  much  redder  tint.  With  iron  alum,  an  aqueous  solution 
gave  a  blue-black  coloration,  turning  greenish  black  on  standing,  but  with 
bromine  water  no  precipitate  was  formed.  When  digested  with  boiling 
dilute  sulphuric  acid,  a  reddish-brown  precipitate  separated,  somewhat 
resembling  a  red  anhydride  or  phlobophane  ;  this  was  collected  and 
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washed  three  or  four  times  with  water,  in  which  it  was  slightly  soluble. 
To  obtain  some  insight  into  the  nature  of  the  tannin,  this  product  was 
fused  with  alkali,  and  this  appeared  to  be  a  preferable  mode  of  procedure, 
for  should  any  glucoside  of  ordinary  gallotannic  acid  originally  have 
been  present,  which  was  likely,  it  must  necessarily  have  been  decom- 
posed and  the  gallic  acid  thus  formed  removed  by  washing  with  water. 
The  melt,  dissolved  in  water  and  acidified,  emitted  a  pungent  odour  of 
acetic  acid,  a,nd phloroglucinol  melting  at  210",  and  gallic  acid  melting  at 
238 — 240°,  were  isolated  in  the  usual  manner  and  recognised  by  the 
ordinary  tests. 

It  seems  apparent,  therefore,  that  the  leaves  of  Pistacia  lentiscus  con- 
tain gallotannic  acid  and  a  new  tannin  or  tannin  glucoside,  yielding  the 
above  products  on  decomposition.  As  is  well  known,  catechol  tannins 
exist  which,  on  fusion  with  alkali,  form  protocatechuic  acid  and  phloro- 
glucinol, of  which  quebrachotannic  acid  (Arata,  Jahreshericht,  1879, 
906)  is  an  example,  and  the  above  result  indicates  as  probable  a 
natural  group  of  these  differing  from  one  another  by  the  number  of 
hydroxyls  which  they  contain.  In  dealing,  however,  with  amorphous 
or  apparently  uncrystallisable  substances  of  this  class,  a  most  exhaustive 
study  is  required  to  be  sure  of  a  correct  interpretation  of  their  pro- 
perties, and  therefore  when  a  larger  supply  of  the  raw  matei'ial  is  avail- 
able, it  is  intended  to  very  thoroughly  investigate  the  nature  of  this 
interesting  product. 

Tanning  Properties. — According  to  Sir  Thomas  Wardle  (private  com- 
munication), the  shinia  leaves  contain  11*29  per  cent,  of  tannin. 
Under  the  direction  of  Professor  Procter,  a  sample  of  the  material 
employed  in  the  above  investigation  was  analysed  by  the  International 
Conference  method. 

Tanning  matter    1 1  "3  per  cent. 

Soluble  non-tannins 22*3         ,, 

Insoluble  at  60°  F 58-3 

Water    81 


1000 


A  good,  plump  leather  is  obtained  from  this  material,  but  of  a  faintly 
reddish  tint,  the  result  being  intermediate  in  character  between  those 
which  are  given  by  oak  bark  and  sumach.  Although  evidently  a 
useful  tanning  agent  for  dressing  leather,  it  cannot  be  employed  as  a 
substitute  for  sumach,  when  a  very  light  coloured  leather  is  required, 
but  in  other  respects  it  has  very  similar  properties. 

Experiments  on  tlie  utility  of  shinia  leaves  as  an  assistant  for  the  fixa- 
tion of  basic  colouring  matters  upon  cotton  fabrics  indicated,  as  was  to 
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be  expected,  that  they  have  only  half  the  strength  of  sumach.  When 
twice  the  quantity  was  used,  good  results  were  obtained,  although  the 
paler  shades  had  a  greener  and  duller  character;  it  seemed,  thei-efore, 
that  shinia  leaves  would  be  best  employed  for  the  production  of  the 
darker  tints. 

Tamaris  africana. 

This  is  a  shrub  or  small  tree  characterised  by  its  twiggy  branches 
and  minute  scale-like  leaves,  which  are  lai'gely  used  to  adulterate  sumach, 
and  are  known  in  Sicily  under  the  name  of  "  bruca."  In  the  Kew 
Report  (J,OG.  cit.),  it  is  described  as  having,  in  lieu  of  the  leaf,  prickly 
little  shoots  which  thickly  cover  the  lesser  branches  ;  these  are  collected, 
ground,  and  mixed  with  the  product  of  the  true  sumach  plant.  A  very 
small  sample  of  this  material  (140  grams)  was  obtained  from  Sicily, 
and  although  an  endeavour  was  made  to  procure  a  larger  supply  from 
Tunis,  where  it  is  abundant,  this  met  with  no  response. 

For  the  isolation  of  the  colouring  mattei",  similar  means  were 
adopted  to  those  employed  with  the  leaves  of  the  Pistacia  lentiscus. 
The  ethereal  extract,  on  evaporation,  gradually  deposited  minute,  crys- 
talline specks,  and  these  could  readily  be  distinguished  in  the  dry, 
brown,  viscous  residue.  The  addition  of  hot  water  caused  the  separa- 
tion of  a  yellow,  flocculent  precipitate  which  increased  in  quantity  on 
cooling ;  this  was  collected,  dried,  and  extracted  with  hot  alcohol.  A 
pale  brown  residue  remained  undissolved,  consisting  of  the  minute 
crystals  above  referred  to ;  this  was  soluble  in  dilute  alkali  with  a 
yellow  colour,  but  was  only  sparingly  soluble  in  the  usual  solvents.  It 
was  found  to  be  ellagic  acid,  for  not  only  did  it  dye  identical  shades, 
but  gave,  with  nitric  acid  containing  nitrous  acid,  the  characteristic 
reaction  of  this  substance. 

The  alcoholic  extract,  after  concentration,  was  treated  with  water 
which  caused  the  separation  of  yellow  crystals ;  these  were  collected 
and  purified  by  crystallisation  from  dilute  alcohol.  0'4  gram  was  thus 
obtained. 

0-0997  gave  0-22U  CO^  and  0-0345  H.,0.     C  =  60-56;  H  =  3-84. 

0-0966     „     0-2138  CO2    „    0-0312  H2O.     0  =  6036 ;  H  =  3-59. 

CjgHjgOy  requires  C  =  60-75  ;  H  =  3-79  per  cent. 

It  formed  a  glistening  mass  of  yellow  needles  readily  soluble  in 
alcohol,  and  soluble  in  alkalis  with  a  yellow  coloration.  With  lead 
acetate,  it  gave  an  orange-red  precipitate.  Treated  with  mineral  acids 
in  the  presence  of  acetic  acid,  it  did  not  react,  at  least  not  so  readily 
as  is  the  case  with  quercetin  and  morin,  and  sufficient  material  was 
not  available  to  compare  its  behaviour  in  this  respect  with  rhamnetin. 
It  dyed  mordanted  calico  shades  of  a  somewhat  similar  character  to 
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quercetin,  but  its  "properties  could  not  be  critically  examined  in  this 
direction. 

No  further  material  from  this  plant  was  available  for  experiment ; 
fortunately,  however,  the  Tamaris  gallica  (see  below)  contained  the 
same  colouring  matter,  and  this  enabled  us  to  gain  further  insight 
into  its  nature. 

The  aqueous  filtrate  from  the  above  colouring  matter  was  saturated 
with  sodium  hydrogen  carbonate,  extracted  with  ether  to  remove 
phenolic  substances,  neutralised  with  acid,  and  again  extracted  with 
ether.  A  crystalline  acid  was  thus  isolated,  which,  from  its  melting 
point  and  general  properties,  was  found  to  consist  of  gallic  acid. 

An  aqueous  extract  of  the  plant,  when  digested  with  dilute  sul- 
phuric acid  at  the  boiling  temperature,  did  not  develop  a  red  tint,  as 
was  the  case  with  the  shinia  leaves,  and  which  is  usually  a  reaction  of 
catechol  tannins ;  it  would  thus  appear  that,  in  the  Tamaris  africana, 
only  gallotannic  and  ellagitannic  acids  are  present. 

Tamaris  gallica. 

The  Tamaris  gallica,  which  in  appearance  closely  resembles  the 
Tamaris  africana,  flourishes  in  Cyprus,  where  the  latter  is  not  found. 
"We  are  indebted  to  Mr.  Gennadius  for  a  sample  of  this  plant.  It 
weighed  1  70  grams,  50  of  which  were  reserved  for  its  tannin  analysis. 

Treated  similarly  to  the  Tamaris  africana,  it  yielded  ellagic  and 
gallic  acids,  and  contained,  therefore,  identical  tannin  matters.  The 
yield  of  soluble  yellow  colouring  matter  was  0'6  gi-am. 

0-0980  gave  0-2175  CO^  and  00342  Hp.     C  =  60-53;  H  =  3-87. 
CjgHjgO,-  requires  0  =  6075  ;  H  =  3-79  per  cent. 

Its  properties  were  identical  with  the  yellow  dye-stuff  of  the  allied 
plant.  Its  unreactive  nature  with  mineral  acids  suggested  the 
presence  of  a  methoxy-group,  and  this  was  found  to  be  correct. 

0-U83  gave  0-0810  Agl.     CH3  =  3-48. 

Ci5H90g(OCH3)  requires  CH3  =  4-77  per  cent. 

The  acid  residue  from  this  experiment  was  treated  with  sodium 
hydrogen  sulphite  solution,  and  the  suspended  yellow  precipitate 
collected  and  crystallised  from  dilute  alcohol.  The  acetyl  compound, 
prepared  from  a  trace  of  this  substance,  formed  colourless  needles 
melting  at  189—191°. 

0-0831  gave  01820  CO.^  and  00277  H^O.     C  =  59-72  ;  H  =  370. 
CyJi^^O-  requires  C  =  59-60  ;  H=3-31  per  cent. 

Fused  with  alkali,  the  methyl  ether  yielded  an  acid  melting  at 
194 — 196°  which,  with  ferric  chloride,  gave  a  green  coloration,  and  was 
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evidently  jyrotocatechuic  acid.  Distinct  evidence  was  also  obtained  of 
the  presence  of  phloroglucinol. 

These  results  indicate  that  the  colouring  matter  of  the  Tamaris 
africana  and  T.  galJica  contains  a  quercetin  monometliyl  ether.  This 
does  not  appear  to  be  either  isorhamnetin  or  rhamnetin,  for  these 
methyl  ethers  of  quercetin  are  distinguished  by  their  sparing  solu- 
bility in  alcohol,  and  it  is  therefore  most  probably  a  new  substance. 
Whether  the  product  obtained  above  is  homogeneous  or  contains  also 
quercetin  could  not  be  detei'miued ;  the  methoxy-determination 
favours  this  supposition,  but,  on  the  other  hand,  low  results  are  some- 
times given  with  this  class  of  substance  by  Zeisel's  method. 

On  acetylising  a  trace  of  the  methyl  ether  in  the  usual  manner, 
colourless  needles  were  obtained  melting  at  169 — 171°. 

Attempts  will  be  made  in  the  ensuing  autumn  to  procure  a  large 
supply  of  the  plant  for  an  exhaustive  examination  of  this  colouring 
matter. 

A  tannin  analysis  carried  out  under  the  direction  of  Professor 
Procter  gave  the  following  result. 

Tanning  matter    8 '4  per  cent. 

Soluble  non-tannins 26"7         ,, 

Insoluble  at  60°  F , 57-7 

Water    7-2 


10l)-0 


I 


This  sample  was  collected  in  November,  which  is  not  a  good  season 
from  a  tanning  point  of  view,  and  it  is  probable,  therefore,  that  the 
tannin  content  of  that  procured  from  June  to  August,  will  be  somewhat 
greater. 

'  Ailanthus  glandulosa. 

This  is  a  tree  of  large  size  and  handsome  appearance,  bearing 
numerous  pinnate  leaves  from  one  to  two  feet  long  or  more.  It  is  a 
native  of  India  and  China,  but  is  common  on  the  Continent,  where 
it  is  frequently  reared  for  the  shading  of  public  walks.  For  the 
sample  of  leaves   we  are  indebted  to  Mr.  Gennadius,  of  Cyprus. 

The  finely  ground  material  was  extracted  with  boiling  water,  and 
the  extract  treated  for  the  isolation  of  the  colouring  matter  by  methods 
similar  to  those  already  described.  On  evaporating  the  ethereal 
extract,  a  viscous  residue  was  left,  interspersed  with  fine  crystals,  and 
from  this,  on  treatment  with  boiling  water,  brownish-yellow  flocks  of  a 
colouring  matter  separated.  These  were  collected  and  extracted  with 
boiling  alcohol,  which  left  undissolved  a  brownish,  crystalline  powder 
having  the  dyeing  and  other  properties  of  ellagic  acid. 
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The  alcoholic  extract,  on  treatment  with  boiling  water,  deposited 
crystals  of  a  colouring  matter,  on  cooling,  but  in  a  very  impure  con- 
dition. The  product  was  therefore  poured  into  water,  treated  with 
excess  of  sodiiim  hydi'Ogen  carbonate,  the  mixture  extracted  with 
ether,  and  the  extract  evaporated.  It  was  finally  purified  by  crystal- 
lisation from  dilute  alcohol. 

0-1068  gave  0-2335  CO.^  and  0-0385  H^O.     C  =  59-62;  H  =  4-00. 
CjgHj^Oy  requires  0  =  59-60  ;  H  =  3-31  per  cent. 

It  formed  a  mass  of  yellow  needles,  soluble  in  alkalis  with  a  yellow 
colour  and  giving  an  orange-red  precipitate  with  lead  acetate. 
The  acetyl  compound  crystallised  in  colourless  needles  melting  at 
189— 19P. 

01 149  gave  02453  CO^  and  0-0455  H^O.     C  =  58-22  ;  H  =  4-39. 
^'15^50^(^2^30)5  requires  C  =  58'59  ;  H  =  3-90  per  cent. 

On  fusion  with  alkali,  2)rotocatechuic  acid  (m.  p.  194 — 196°)  and 
phloroglucinol  (m.  p.  210^)  were  identified  as  the  principal  products. 
The  colouring  matter  of  Ailantltusglandulosais,t\iQYeioYQ  quercetin,  and 
to  this  and  ellagic  acid,  its  dyeing  properties  must  be  assigned. 

The  aqueous  filtrate  from  the  quercetin  was  found  to  contain  a  large 
quantity  of  gallic  acid,  which  was  identified  by  its  melting  point, 
238 — 240°,  and  general  pi'operties.  The  tannin  of  the  Ailanthus 
glandulosa  is  evidently  gallotannic  acid,  for  the  dyeing  properties  of 
the  leaves  with  mordants,  and  the  behaviour  of  the  aqueous  extract 
with  acids,  corroboi^ate  this  view, 

A  tannin  analysis  carried  out  under  the  direction  of  Professor 
Procter  gave  the  following  resvilt. 

Tanning  matter 11-2  per  cent. 

Soluble  non-tannins  20-4         „ 

Insoluble  at  60°  F 600 

Water 8-4 

100-0 

Curiously  enough,  although  so  high  a  percentage  of  tanning  matter 
is  apparently  present,  leather  is  scarcely  tanned  by  an  extract  of 
these  leaves,  but  is  stained  a  dull  dirty  colour.  They  are,  therefore, 
of  little  utility  for  tanning  purposes,  and  as  an  adulterant  of  sumach 
would  exert  a  deleterious  influence. 

Ficus  carica. 

For  a  supply  of  the  leaves  of  this  plant,  the  common  fig  tree,  we 
are  indebted   to  the   kindness   of   Mr,  P,  Gennadius.     An  aqueous 
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extract  dyed  alum  mordanted  calico  but  faintly  yellow,  indicating 
only  a  trace  of  colouring  matter,  and  this  was  corroborated  by  experi- 
ments carried  out  according  to  the  methods  previously  employed. 
From  2000  grams,  only  0"08  gram  of  a  very  impure  colouring  matter 
was  obtained,  having  dyeing  properties  analogous  to  those  of  quercetin  ; 
unfortunately,  its  identity  could  not  be  established,  for  an  attempt  to 
prepare  its  acetyl  derivative  failed  on  account  of  the  impurity  present. 

The  filtrate  from  the  colouring  matter  contained  no  gallic  acid,  and 
the  dyeing  property  of  the  leaves  with  iron  mordanted  calico  indicated 
an  almost  entire  absence  of  tannin. 

A  tanning  analysis  carried  out  under  the  direction  of  Prof.  Procter 
gave  the  following  result. 

Tanning  matter 1-6  per  cent. 

Soluble  non-tannins    27"0  „ 

Insoluble  at  60°  F 62-4 

Water 9-0 

100-0       „ 

Skin  remained  untanned  in  an  extract  of  these  leaves,  and  was 
stained  a  dirty  olive  colour.  It  would  appear  to  be  an  extremely 
deleterious  adulterant  of  sumach. 

Gamhuazo. 

In  Sicily,  this  name  is  given  to  the  small  stalks  branching  from  the 
main  root  of  the  Rhus  coriaria,  which  are  ground  to  powder  and 
admixed  with  sumach.  We  are  indebted  to  Messrs.  Kuypers,  Ostler, 
and  Scott,  of  Hull,  for  a  sample  of  this  material.  It  has  been  pre- 
viously shown  by  one  of  us  (Trans.,  1897,  71,  1136)  that  the  leaves  of 
the  R.  cotinus  contain  myricetin,  whereas  it  is  well  known  that  the 
stem  (young  fustic)  contains  fisetin,  and  it  was  thus  interesting  to 
determine  if  this  also  was  the  case  with  the  R.  coriaria. 

The  stems  of  the  latter  possessed  but  feeble  dyeing  power,  and 
only  after  the  extraction  of  much  material  was  a  trace  of  the  yellow 
colouring  matter  isolated.  This  on  examination  was  found  to  be 
myricetin,  and  not  fisetin,  for  it  was  readily  identified  by  its  character- 
istic colour  reactions  with  dilute  potassium  hydroxide  solution. 

The  aqueous  filtrate  from  the  colouring  matter  contained  a  con- 
siderable quantity  of  gallic  acid,  indicating  the  presence  of  gallotannic 
acid  in  this  portion  of  the  plant  also. 

The  above  results  show  that,  whereas  the  leaves  of  Pistacia  lentiscus 
and  the  "  gambuzzo "  contain  myricetin,  the  colouring  matter  of 
sumach  {R.  coriaria),  the  leaves  of  AilantJius  glandulosa  and  Tamaris 
africana  contain  respectively  quercetin  and  one  of  its  methyl  ethers. 
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It  seemed  possible,  therefore,  that  an  admixture  of  the  latter  with 
sumach  might  be  detected  by  the  examination  of  the  yellow  colour- 
ing matter  present  in  the  material,  for  the  acetyl  compound  of  such  a 
mixture  should  have  a  depressed  or  indefinite  melting  point.  Experi- 
ments carried  out  in  this  direction  with  mixtures  of  pure  quercetin 
and  myricetin,  however,  hardly  favoured  the  utility  of  such  a  method, 
unless  very  excessive  adulteration  had  been  employed.  Thus  (a)  equal 
parts  of  myricetin  and  quercetin  yielded  an  acetyl  compound  which, 
after  two  crystallisations  from  alcohol,  melted  at  195 — 198°,  whereas 
(b)  a  similar  derivative  from  three  parts  of  quercetin  and  one  part  of 
myricetin  melted  at  178 — 182°.  As  acetyl  myricetin  melts  at 
204 — 206°,  the  depression  of  the  melting  point  to  195—198°  in  (a)  is 
small,  and  it  became  evident  that,  owing  to  the  more  sparing  solubility 
of  acetylmyricetin  in  alcohol,  the  latter,  if  present  in  quantity,  could  be 
obtained  free  from  acetylquercetin  by  frequent  recrystallisation. 

Broach  Leaves. 

These  constitute  a  valuable  tanning  agent  which  is  employed  in 
South  Africa  as  a  substitute  for  sumach,  and  in  lieu  of  the  leaves  of 
the  Colpoon  compressum  (Cape  sumach)  (Trans.,  1897,  71,  1132)  which 
are  becoming  scarce  owing  probably  to  injudicious  gathering  and  lack 
of  care  of  the  plant.  Information  as  to  the  botanical  origin  of  these 
leaves  is  at  present  lacking,  but  they  are  said  to  be  derived  from  a 
small  shrub  flourishing  in  the  same  localities  and  side  by  side  with 
the  Coljyoon  compressum.  Mr.  R.  H.  Coaton,  to  whom  we  are  indebted 
for  our  supply  of  material.  500  grams,  promises  fuller  information  on 
his  return  to  the  Cape. 

The  finely  ground  leaves  were  extracted  with  boiling  water,  the 
extract  treated  with  lead  acetate  solution,  and  the  light  yellowish  pre- 
cipitate collected  and  treated  for  the  isolation  of  the  colouring  matter 
according  to  the  methods  previously  employed  in  this  paper.  The  residue 
from  the  ethereal  extract,  when  diluted  with  water,  yielded  a  yellow, 
flocculent  precipitate  of  the  colouring  matter,  which  was  purified  by 
crystallisation  from  alcohol ;  0*5  gram  was  thus  obtained. 

0-091 1  gave  0-1992  CO.^  and  0-0310  H^O.     C  =  59-62  ;  H  -  378. 
CjjHjjp-  requires  C  =  59-60  j  H  =  3-31  per  cent. 

It  formed  glistening,  yellow  needles  closely  resembling  quercetin  in 
appearance,  but  soluble  in  dilute  potash  with  a  deep  green  coloration, 
evidently  the  result  of  oxidation  ;  with  the  concentrated  alkali,  a 
yellow  solution  was  obtained,  becoming  green  only  on  dilution.  On 
acetylisation,  an  acetyl  compound  was  obtained,  crystallising  in 
colourless  needles  and  melting  at  188 — 190°,  and  by  fusion  with  alkali 
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pi'otocatechuic  acid  and  jyhloi'oglucinol  were  identified  as  the  main 
decomposition  products. 

This  colouring  matter  is  evidently  identical  with  that  contained  in 
the  Arctostaphylos  uva  ursi,  a  short  account  of  which  has  been  already 
communicated  to  the  Society  (Proc,  1898,  p.  104),  and  which  so  closely 
resembles  quercetin  except  in  its  behaviour  towards  dilute  alkali.  In 
this  case  also,  attempts  to  remove  an  impurity  having  this  peculiar 
propei'ty  were  unsuccessful,  and  this  is  remarkable,  for  if  due  to  such 
a  cause  the  amount  present  must  be  of  considerable  quantity. 

The  aqueous  filtrate  from  the  colouring  matter  contained  no  gallic 
acid,  and  the  behaviour  of  the  aqueous  extract  of  the  leaves  towards 
boiling  dilute  sulphuric  acid,  whereby  a  deep  red  liquid  was  produced, 
indicated  the  presence  of  a  catechol  tannin.  This  was  confirmed  by 
further  tests  with  bromine  water  and  iron  alum  solution  in  the  usual 
manner,  for  these  respectively  yielded  a  precipitate  and  green-black 
coloration. 

Mr.  R.  H.  Coaton  has  kindly  furnished  us  with  the  following 
analysis  of  this  tannin  matter. 

Tannin     19 "9  per  cent. 

Soluble  non-tannins    14*1  „ 

Insoluble  at  60°  F 58-4 

Water 7-6 


100-0 


The  galls  of  Pistacia  terebinthus  were  examined  for  yellow  colouring 
matter.  These,  which  are  of  a  peculiar  horn-like  shape,  are  caused  by 
the  punctures  of  insects,  and  constitute  a  very  valuable  tanning 
material.  Owing,  however,  to  an  uncertainty  in  the  supply,  they 
appear  to  have  fallen  into  disfavour  in  this  country. 

From  100  grams  of  these,  but  a  trace  of  yellow  colouring  matter 
was  with  difiiculty  isolated,  which,  judging  from  its  colour  reactions 
with  dilute  potash  solution,  appeared  to  be  myricetin.  Dyeing  experi- 
ments with  mordanted  calico  also  corroborated  this  view. 

An  investigation  has  also  been  carried  out  on  the  colouring  matter 
of  "  arbutine,"  a  ground  leaf  substitute  for  sumach.  It  was  found  to 
contain  quercetin,  and,  judging  from  the  gallic  acid  formed  during  the 
isolation  of  the  dye-stuff,  also  gallotannic  acid.  Unfortunately,  the 
botanical  origin  of  these  leaves  was  not  forthcoming  on  inquiry,  and 
thus  no  details  of  the  work  are  at  present  given.  Possibly  they  are 
derived  from  the  Arbutus  unedo,  which  has  been  employed  in  Greece 
and  southern  Europe  as  a  tanning  material. 

In  mangrove  cutch,  a  well-known  tanning  material  obtained  from 
the   Ceriops   candolleana,  yellow   colouring    matter   was   found  to  be 
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absent.  Judging  from  its  resemblance  to  catechutannic  acid,  it  was 
examined  for  catechin,  but  experiments  in  this  direction  were  also 
unsuccessful. 

We  are  much  indebted  to  Prof.  Procter  for  his  aid  during  this 
investigation,  and  also  for  his  assistance  in  obtaining  the  necessary 
material. 

Clothworkers'  Research  Laboratory, 
Dyeing  Department, 

Yorkshire  College. 


XXXIX.  — Isomeric  Bornylamines. 

By  Martin   Onslow   Forster,    Ph.D.,    B.Sc. 

Having  occasion  to  prepare  a  specimen  of  the  methyl  derivative  of 
bornylamine  for  purposes  of  identification,  I  attempted  to  devise  a 
process  by  which  bornylamine  could  be  obtained  without  difficulty. 

The  existing  method  of  preparing  this  base,  which  is  due  to  Leuckart 
and  Bach  {Ber.,  1887,20,  104),  consists  in  heating  camphor  with  am- 
monium formate  at  220 — 240'^,  when  formylbornylamine  is  produced. 
In  consideration  of  the  fact  that  both  the  original  process,  and  the 
modification  introduced  by  Griepenkerl  {Annalen,  1892,  269,  347) 
admit  of  the  manipulation  of  only  four  grams  of  camphor  in  each 
operation,  it  was  desirable  that  a  substitute  for  the  method  should 
be  found. 

It  is  well  known  that  the  oximes  of  cyclic  ketones  may  be  converted 
into  the  corre.sponding  amines  by  reduction  with  sodium  and  ethylic 
alcohol.  Leuckart  and  Bach  observed  the  formation  of  bornylamine 
when  camphoroxime  is  submitted  to  this  ti'eatment,  but  it  does  not 
appear  that  the  method  afforded  satisfactory  results,  as  no  details  of 
the  experiment  are  given ;  it  is,  moreover,  stated  that  the  yield  is 
small,  the  oxime  remaining  for  the  greater  part  unchanged.  It  oc- 
curred to  me  to  attempt  the  reduction  with  amylic  alcohol  and  sodium, 
and  it  was  found  that,  by  this  means,  bornylamine  may  be  prepared  in 
almost  quantitative  amount. 

On  comparing  the  product,  however,  with  the  compound  described 
l)y  Leuckart  and  Bach,  a  marked  dissimilarity  between  the  two  sub- 
stances became  noticeable.  Whereas  the  latter  base  melted  at  158 — 160°, 
and  had  the  .specific  rotatory  power  [a]o  =  -18'6°,  the  bornylamine 
obtained  by  the  new  method  melted  somewhat  indefinitely  at  172°,  and 
gave  [a]i,  =  -10'3'-'.  The  divergence  appeared  .still  wider  when  the 
principal  derivatives  were  prepared  and  examined,  the  base  obtained 


forster:  isomeric  bornylamines.  887 

from  camphoroxime  yielding  products  which  melted  several  degrees 
higher  than  those  described  by  Leuckart  and  Bach  ;  the  acetyl  deriva- 
tive, however,  melted  several  degrees  lower  than  acetylbornylamine. 
Furthermore,  on  preparing  bornylamine  from  camphor  and  ammonium 
formate,  although  every  endeavour  was  made  to  reproduce  the  con- 
ditions described  by  Leuckart  and  Bach,  I  obtained  a  base  which  gave 
[a]D  =  -16-9"',  but  melted  at  172— 173";  the  derivatives  of  this  base 
moreover,  resembled  those  from  bornylamine  prepared  by  the  new 
method. 

The  conflicting  nature  of  these  observations  seemed  to  indicate  the 
existence  of  at  least  two  bases,  and  an  examination  of  the  product 
from  camphoroxime  has  established  the  mixed  character  of  the  base 
from  this  source.  It  is,  in  fact,  composed  of  two  isomerides  having 
the  empirical  formula  Cj^QH^yN,  one  of  which  melts  at  163°  and  has 
the  specific  rotatory  power  [a]i>=  -f45'5°,  whilst  the  other  melts  at 
180^  and  has  the  specific  rotatory  power  [a]D=  -  31'o°. 

It  may  at  first  appear  singular  that  the  two  bornylamines  do  not 
exhibit  the  characteristics  of  optical  antipodes.  Consideration  of  the 
cii-cumstances  attending  their  production,  however,  will  at  once  afford 
an  explanation.  Adopting  Bredt's  expression  of  the  constitution  of 
camphor,  the  oxime  is  represented  by  the  formula 

GHn — CH C/H^ 

I  CMcg    j 

CH2— CMe— c:noh 

which  contains   two  asymmetric   carbon  atoms.      Eed action    of    the 
oximido-group  involves  the  following  change, 

^    ^*     CINOH  ^    ^^     CH-NH^, 

by  which  a  third  carbon  atom  is  rendered  asymmetric.  Two  compounds 
might  therefore  be  produced,  in  one  of  which  the  optical  influence  of 
this  carbon  atom  is  equal  and  opposite  to  that  which  it  exerts  in  the 
other,  but  assuming  that  the  influence  of  the  two  asymmetric  atoms 
already  in  the  molecule  undergoes  no  modification,  the  substances  thus 
genei'ated  would  be  incapable  of  uniting  to  form  an  inactive,  racemic 
compound.  Moreover,  they  would  not  necessarily  be  produced  in  equal 
amounts.  Nor  is  this  the  case.  In  round  numbers,  the  mixture  ob- 
tained on  reducing  camphoroxime  under  the  conditions  finally  adopted, 
contains  60  per  cent,  of  the  dextrorotatory  base,  and  40  per  cent,  of 
the  Isevo-compound. 

In  view  of  the  fact  that  these  substances  are  not  optical  antipodes, 
one  is  not  justified  in  distinguishing  them  as  d-  and  thorny lamine,  as 
they  are  both  derived  from  cZ-camphor.     Having  found  that  the  base 
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prepared  by  the  method  of  Leuckart  and  Bach  is  a  mixture  of  the  two 
isomerides  in  varying  proportions,  I  propose  to  retain  the  name  homyl- 
amine  for  the  dextrorotatory  base,  and  to  call  the  Isevorotatory  com- 
pound neobornylamine. 

The  distinctive  character  of  these  two  substances  is  illustrated  by 
the  following  table. 


Boinylamine. 


Neobornylamine. 


Base  m.  p.  163°;  [a]„=+45-5° 

Hydrochloride infusible  below  320° ;  [a  ]d  =  +  22  7° 


Formyl  derivative 
Acetyl  derivative... 
Benzoyl  derivative. 
Platinochloride    ... 

Carbamide     

Phenylcarbamide . . . 
Picrate  


m.  p.  93°;  [o]d=  -42-1° 
m.  p.  145°  ;  [a\=  -42-9° 
m.  p.  139°;  [0]^=  -21-8° 

ra.  p.  321° 

m.  p.  175° 

m.  p.  270° 

m.  p.  256° 


m.  p.  180°;  [o]d  = 

infusible  below  320° ;  [a 

m.  p.  72—73°  ;  [ajn 

m.  p.  143° ;  [o]d  = 

m.  p.  130°;  [a]c  = 

ra.  p.  303° 

m.  p.  169° 

m.  p.  254° 

m.  p.  248° 


-31-3° 
]i,=  -39-0° 
=  -19-4° 
-19-5° 

-44-7° 


It  will  be  noticed  that,  although  bornylamine  melts  at  17°  lower  than 
neobornylamine,  all  its  derivatives  have  a  higher  melting  point  than 
those  of  the  isomeride.  A  corresponding  distinction  applies  to  their 
solubilities,  the  derivatives  of  bornylamine  being  systematically  less 
readily  soluble  than  those  of  the  Isevorotatory  base.  This  property  is 
utilised  in  separating  the  two  isomerides. 

A  striking  parallel  with  the  results  described  in  this  paper  is 
afforded  by  the  isomeric  menthylamines.  Reducing  Ijevorotatory 
menthoneoxime  in  alcoholic  solution  with  sodium,  A  ndres  and  Andreeff 
{Ber.,  1892,  25,  609)  obtained  a  menthylamine  boiling  at  205°,  and 
having  the  specific  rotatory  power  [a]u  =  —  33G°  ;  by  the  same  method, 
Wallach  and  Binz  {Annalen,  1893,  276,  323)  obtained  the  base  with  a 
specific  rotatory  power  [a]i)=  -  38"07°.  When,  however,  laevorotatory 
menthone  was  heated  with  ammonium  formate  at  190 — 200°,  the  formyl 
derivatives  of  both  laevorotatory  and  dextrorotatory  menthylamine  were 
produced  (Wallach  and  Kuthe,  Annalen,  1893,  276,  306).  Advantage 
was  taken  of  the  greater  solubility  of  the  formyl  derivative  obtained 
from  the  Itevo-base  to  separate  it  from  the  dexti'orotatory  modification, 
irom  which  dextrorotatory  menthylamine  was  obtained  as  an  oil 
boiling  at  205°,  and  having  the  specific  rotatory  power  [a]o=  +  14"71° 
{loc.  ciL,  324). 

As  in  the  case  of  bornylamine,  the  simultaneous  production  of  stereo- 
isomerides  here  depends  on  the  conversion  of  a  carbonyl  radicle  into 
the  group  ICH'NHg,  a  third  carbon  atom  being  thereby  rendered 
asymmetric.  One  point  of  difference  in  the  circumstances  attending 
the  change  is  noteworthy.     Whilst  both  menthone  and  camphor  are 
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converted  by  the  agency  of  ammonium  formate  at  200°  into  a  mixture 
of  dextro-  and  l?evo-rotatory  bases,  reduction  of  menthoneoxime  yields 
but  one  substance,  rotating  the  plane  of  polarisation  in  the  same 
direction  as  the  oxime  employed  ;  camphoroxime,  on  the  other  hand, 
gives  rise  to  a  mixture  of  the  two  forms,  in  which  the  dextrorotatory 
modidcation  preponderates,  so  that  in  this  case  the  direction  of  rotation 
of  the  main  product  is  opposite  to  that  which  the  oxime  exhibits. 

Reference  to  the  above  table  will  show  that,  whilst  the  acidyl  de- 
rivatives of  neobornylamine  rotate  the  plane  of  polarised  light  in  the 
same  direction  as  the  base  from  which  they  arise,  those  of  the  dextro- 
rotatory bornylamine  are  Isevorotatory.  Moreover,  the  specific  rotatory 
power  of  the  f ormyl  and  acetyl  derivatives  is  more  than  twice  as  great, 
in  the  same  direction,  as  that  of  the  corresponding  derivatives  of  neo- 
bornylamine ;  the  degree  of  rotation  of  the  benzoyl  derivative  is, 
however,  only  half  as  great  as  that  of  benzoylneobornylamine. 

This  x'eversal  of  sign  on  the  introduction  of  acidyl  groups  into  the 
base  was  quite  unexpected,  and  so  far  as  can  be  ascertained,  a  similar 
case  has  not  been  previously  observed.  With  the  exception  of  fenchyl- 
amine  and  the  two  menthylamines,  which  have  been  investigated  by 
Wallach  {Annalen,  1893,  276,  315),  the  acidyl  derivatives  of  optically 
active  bases  do  not  appear  to  have  been  examined  from  this  point  of 
view.  The  following  table  indicates  certain  regularities  in  the  change  of 
molecular  rotation  on  passing  from  the  derivatives  of  bornylamine  to 
those  of  neobornylamine,  and  optical  data  of  some  interest  will  perhaps 
be  obtained  from  a  study  of  the  higher  homologues  of  the  two  series 
under  parallel  conditions. 


Bornyl 

amine. 

Neobornylamine. 

Change  of 

[aL- 

[ML. 

[«].. 

[M],. 

[ML. 

Base 

+  45-5° 
+  22-7 
-42-1 
-42-9 
-21-8 

+  69-6 
+  430 
-76-2 
-83-6 
-56-0 

-31-3° 
-39-0 
-19-4 
-19-5 

-44-7 

-47-9 
-73-8 
-35-1 
-38-0 
-114-8 

117-5 

Hydrochloride    

116-8 

Formyl  derivative 

41-1 

Acetyl  derivative  

Benzoyl  derivative     

45-6 

58-8 

Although  the  values  here  recorded  are  not  strictly  comparable,  as 
the  concentration  of  the  solution  was  not  the  same  in  the  case  of  each 
derivative,  it  is  noticeable  that  the  difference  between  the  molecular 
rotations  of  the  acidyl  derivatives  of  the  two  series  exhibits  a  gradual 
increase  with  increase  in  the  molecular  weight ;  moreover,  the  difference 
between  the  molecular  rotations  of  bornylamine  and  neobornylamine 
is  almost  identical  with  the  difference  between  the  molecular  rotations 
of  the  hydrochlorides. 
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Experimental. 
Reduction  of  Camphoroxime. 

Seventy-five  grams  of  the  oxime  dissolved  in  750  c.c,  of  amylic 
alcohol  (b.  p.  128 — 130°)  were  treated  in  a  reflux  apparatus  with  75 
grams  of  sodium,  which  was  added  in  quantities  of  about  15  grams. 
The  dissolution  of  the  metal  occupied  about  4  hours,  100  c.c.  of  amylic 
alcohol  being  added  towards  the  end  of  this  period  in  order  to  check 
the  tepai'ation  of  sodium  amyloxide.  The  flask  was  then  removed 
from  the  air  bath  on  which  the  liquid  had  been  boiled,  and  the  tem- 
perature having  fallen  to  about  60°,  the  contents  were  treated  with 
450  c.c.  of  water ;  the  same  volume  of  concentrated  hydrochloric  acid 
was  next  added  in  small  portions  to  the  liquid,  which  was  shaken 
vigorously  after  each  addition.  Amylic  alcohol  was  finally  removed 
by  distillation  in  a  current  of  steam,  and  on  allowing  the  aqueous 
residue  to  cool,  bornylamine  hydrochloride  rapidly  crystallised  in 
lustrous  needles,  the  yield  of  base  being  practically  quantitative. 

As  already  indicated,  however,  the  product  consisted  of  a  mixture  of 
two  isomerides.  In  order  to'separate  these  bases,  advantage  was  taken 
of  the  greater  solubility  in  water  of  the  hydrochloride  of  neobornyl- 
amine.  After  remaining  overnight,  the  product  obtained  from  150  grams 
of  camphoroxime  in  the  manner  just  described  was  freed  from  mother 
liquor  with  the  aid  of  the  filter  pump,  and  recrystallised  four  times 
from  boiling  water,  the  minimum  quantity  of  the  solvent  being  used 
every  time.  Before  each  crystallisation,  a  portion  of  the  hydrochloride 
was  treated  with  caustic  soda,  and  submitted  to  distillation  in  a  current 
of  steam,  the  specific  rotatory  power  of  a  4  per  cent,  solution  in  absolute 
alcohol  of  the  base  from  each  fraction  being  then  determined.  It  was 
found  that  successive  recrystallisations  of  the  hydrochloride  had 
lowered  the  melting  point  of  the  freshly  distilled  base  from  162°  to 
159 — 160°,  the  depression  being  accompanied  by  an  increase  in  the 
specific  rotatory  power  from  [a]D= +28"9°  to  [a]u= +45*5°;  this 
value  underwent  no  change  on  extracting  the  hydrochloride  with  ether, 
in  which  neobornylamine  hydrochloride  dissolves  more  freely  than 
the  dextrorotatory  salt,  and  it  also  remained  stationary  when  the  por- 
tion undissolved  by  ether  was  recrystallised  from  water.  It  is,  therefore, 
not  unreasonable  to  suppose  that  the  salt  obtained  in  this  manner  is 
the  hydrochloride  of  an  individual  base. 

The  acid  mother  liquor  from  the  original  crystals  contained  neobornyl. 
amine  hydrochloride.  The  base  liberated  from  a  portion  of  the  liquid 
melted  somewhat  indefinitely  at  174 — 176°,  and  gave  the  specific 
rotatory  power  [a]i,=  -26-6°.     In  order  to  isolate  the  Isevorotatory 
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base,  the  liquid  was  evaporated  on  the  water  bath  until  it  measured 
700  C.C.,  then  cooled  rapidly,  and  filtered  after  an  interval  of  a  few 
hours.  The  crystals  obtained  in  this  way  consisted  chiefly  of  sodium 
chloride  (about  200  grams),  but  on  dissolving  the  salt  in  water  and 
adding  caustic  soda,  7  grams  of  a  base  were  obtained  which  melted  at 
179 — 180°;  a  4  per  cent,  solution  in  absolute  alcohol  gave  the  specific 
rotatory  power  [a]D=  -31-3°.  The  mother  liquor  from  this  fraction 
was  reduced  to  150  c.c,  but  the  crop  of  crystals  which  separated, 
although  amounting  to  more  than  150  grams,  yielded  scarcely  0*5 
gram  of  neobornylamine  ;  this  melted  indefinitely  at  160 — 174°,  and 
gave  the  specific  rotatory  power  [a]B=  -  16-1°.  Finally,  the  mother 
liquor  was  rendered  alkaline,  and  yielded  1 1  grams  of  neobornylamine, 
which  melted  very  indefinitely  at  155 — 174°,  and  gave  the  specific 
rotatory  power  [a]D=  -24*3°. 

From  this  experiment,  it  appears  that,  although  bornylamine  hydro- 
chloride dissolves  less  readily  in]water  than  the  salt  of  the  Isevorotatory 
base,  the  first  crop  of  crystals  which  separates  on  evaporating  the 
mother  liquor  from  the  dextrorotatory  hydrochloride  consists  entirely 
of  neobornylamine  hydrochloride  mixed  with  sodium  chloride,  the 
filtrate  still  containing  some  dextrorotatory  salt.  There  is,  of  course, 
no  absolute  guarantee  that  the  fraction  which  gives  the  specific  rotatory 
power  [a]D=  -31*3°  represents  a  chemical  individual,  although  it  is 
highly  probable  that  this  is  the  case,  the  first  crop  of  crystals  from 
the  mother  liquor  having  occasionally  yielded  a  somewhat  less,  but 
never  a  more,  active  base. 

In  order  to  make  sure  that  the  change  which  camphoroxime  under- 
goes is  of  a  purely  chemical  nature,  depending  on  reduction  of  the 
oximido-group,  the  substance  was  heated  in  a  reflux  apparatus  with  a 
boiling  solution  of  sodium  amyloxide  in  amylic  alcohol  during  several 
hours ;  on  recovering  the  oxime,  howevei",  its  optica,!  activity  was 
found  to  be  unimpaired. 


Bornylamine  and  its  Derivatives. 

Bornylamine,  Cj^gH^^'NH.,. — Bornylamine  is  a  white,  volatile  solid, 
somewhat  resembling  camphor,  and  having  a  faint,  pungent  odour 
which  suggests  that  of  piperidine.  When  freshly  distilled  in  a  current 
of  steam,  it  melts  at  159 — 160°,  but  after  remaining  in  the  desiccator 
for  several  hours,  or  on  sublimation  between  watch  glasses,  it  melts  at 
163°. 

0-1485  gave  0-4275  COg  and  0-1692  HgO.     0  =  78-51  ;  H  =  12-66. 
0-1980     „     15-4  c.c.  of  moist  nitrogen  at  10-5°  and  758  mm.    N  =  9'57. 
CioHjgN  requires  C  =  78-43  ;    H  =  12-42;  N  =  9-15  per  cent. 

D  D  2 
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The  base  dissolves  vei'y  readily  in  cold,  organic  solvents^  but  is 
insoluble  in  water.  A  solution  containing  1'0124  grams  dissolved  in 
25  c.c.  of  absolute  alcohol  at  22°  gave  a^  =  3°  41'  as  the  mean  of  seven 
concordant  readings  in  a  2-decimetre  tube  ;  this  corresponds  with  the 
specific  rotatory  power  [a]D=  +45"5°. 

The  hydrochloride,  which  crystallises  from  water  and  from  alcohol  in 
long,  white  needles,  dissolves  freely  in  these  agents  and  in  chloroform, 
but  is  only  sparingly  solixble  in  ether.  It  does  not  melt  below  320°. 
The  salt  is  dextrorotatory,  a  solution  of  1'0746  grams  in  25  c.c.  of 
absolute  alcohol  at  20°  giving  od  =  1°  57'  as  the  mean  of  four  concordant 
readings  in  a  2-decimetre  tube,  whence  the  specific  rotatory  power 
[a]i,A22-7°. 

Forniylhomylamine,  CjqH^^'NH'COH. — The  formyl  derivative  was 
prepared  by  the  action  of  boiling,  anhydrous  formic  acid,  with  which 
the  base  was  heated  in  a  reflux  apparatus  during  several  hours ;  on 
cooling  the  liquid,  and  pouring  it  into  a  large  volume  of  cold  water, 
the  compound  separated  in  minute,  white  crystals.  It  is  readily 
soluble  in  cold  alcohol,  and  on  diluting  the  hot  solution  with  water, 
crystallises  in  leaflets  melting  at  93°. 

0-1247  gave  8-2  c.c.  of  moist  nitrogen  at  10  5°  and  758  mm.    N  =  7'84, 
CjjH^gNO  requires  N  =  7-73  per  cent. 

Formylbornylamine  is  scarcely  soluble  in  cold  light  petroleum,  and 
dissolves  but  sparingly  in  the  boiling  liquid,  from  which  it  separates  in 
transparent,  rhomboidal  plates.  Although  derived  from  a  dextro- 
rotatory base,  the  formyl  derivative  is  laevorotatory  ;  0"8918  gram 
dissolved  in  25  c.c.  of  absolute  alcohol  at  20°  gave  aD=  —3°  0'  as  the 
mean  of  six  concordant  readings  in  a  2-decimetre  tube,  whence  the 
specific  rotatory  power  [a]D=-42'l°.  This  result  being  quite  unex- 
pected, it  seemed  advisable  to  ascertain  whether  treatment  with 
boiling  formic  acid  had  exerted  any  influence  on  the  base  besides  a 
chemical  one.  A  specimen  of  unpurified  formylbornylamine  having 
ra]jj=  -  40'0°  was  therefore  hydrolysed  with  alcoholic  soda  ;  the  re- 
generated base  gave  the  specific  rotatory  power  [a]D= -l-38"l°,  the 
calculated  value  being  [a]D=  +38'4°. 

Acetylbornyl amine,  C^oH^^'NH'CO'CHg. — The  acetyl  compound  was 
prepared  by  boiling  for  several  hours  in  a  reflux  apparatus  a  solution 
of  the  base  in  glacial  acetic  acid  containing  a  few  drops  of  acetic 
anhydride  ;  the  liquid  was  then  poured  into  a  considerable  quantity  of 
cold  water,  and  the  acetyl  derivative,  which  separated  in  small,  white 
leaflets,  recx-ystallised  from  dilute  spirit.  It  is  freely  soluble  in  cold 
alcohol  and  other  organic  solvents  excepting  light  petroleum,  in  which 
it  dissolves  sparingly  when  hot,  crystallising  in  lustrous,  square,  trans- 
parent plates  ;  the  substance  softens  at  about  140"^,  and  melts  at  145°. 
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0-1972  gave  12-2  c.c.  of  moist  nitrogen  at  14°  and  766  mm.     N  =  7-34. 
CjoH^^NO  requires  ]Sr  =  7*18  per  cent. 

The  acetyl  derivative  dissolves  sparingly  in  boiling  water,  separating 
in  highly  lustrous  crystals  as  the  liquid  cools.  Resembling  formyl- 
bornylamine,  it  is  Isevorotatory,  a  solution  containing  0  7315  gram  in 
25  c.c.  of  absolute  alcohol  at  20°  giving  ajj=  -  2°  30'5'  as  the  mean  of 
seven  concordant  x'eadings  in  a  2-decimetre  tube  ;  the  specific  rotatory 
power  [a]D=  -42-9°. 

Benzoylbm'nylamine,  CjoH^-'NII'  CO-CgHj^. — Benzoylbornylamine 
was  prepared  from  the  base  by  the  Schotten-Baumann  method.  It 
dissolves  readily  in  cold  alcohol,  separating  fi"om  the  hot  liquid  on 
dilution  with  water  ;  it  is  insoluble  in  cold  light  petroleum,  dissolving 
sparingly  in  the  hot  medium,  from  which  it  crystallises  in  lustrous, 
silky  needles.     The  substance  melts  at  139°. 

0-1920  gave  9-2  c.c.  of  moist  nitrogen  at  16°  and  773  mm.     N"  =  5-67. 
C^^HosNO  requires  N  =  5-45  per  cent. 

A  solution  containing  1-0013  grams  of  the  benzoyl  derivative  in 
25  c.c.  of  absolute  alcohol  at  20°  gave  0^=  —1°  45'  as  the  mean  of 
eight  concordant  readings  in  a  2-decimetre  tube  ;  this  corresponds  with 
the  specific  rotatory  power  [a]0=  —21-8°. 

Bornylamine  Platinochloride,  (CjQH^gN')2,H2PtCIg. — The  salt  is  very 
sparingly  soluble  in  hot  water  and  in  cold  absolute  alcohol ;  it  is  not 
freely  soluble  in  boiling  alcohol,  but  dissolves  readily  in  hot  alcohol 
containing  hydrochloric  acid,  from  which  it  crystallises  on  cooling  in 
transparent,  golden,  six-sided  plates. 

0-1632  gave  0-0444  Pt.     Pt  =  27-20. 
0-4118     „     01122  Pt.     Pt  =  27-24. 

(CioHi9N)2,H2PtCl6  requires  Pt  =  27-21  per  cent. 

When  heated  in  a  capillary  tube,  the  platinochloride  begins  to  darken 
at  about  270°,  rapidly  becoming  black  above  this  temperature  ;  and  at 
321°,  it  melts,  and  undergoes  vigorous  decomposition. 

The  carbamide  of  bornylamine  is  formed  on  boiling  an  aqueous 
solution  of  the  hydrochloride  with  the  calculated  amount  of  potassium 
cyanate  in  a  reflux  apparatvis  ;  the  filtered  liquid  deposits  the  sub- 
stance on  cooling,  and  after  reci*ystallisation  from  boiling  water,  the 
carbamide  is  obtained  in  long,  lustrous  needles  melting  at  175°.  It 
is  volatile  in  an  atmosphere  of  steam. 

The  2)he?iylca7'bamide  rapidly  separates  in  lustrous  leaflets  on  adding 
an  ethereal  solution  of  phenylic  isocyanate  (1  mol.)  to  the  base  dis- 
solved in  ether.  It  crystallises  from  absolute  alcohol  in  white,  silky 
needles,  and  melts  at  270°,  with  slight  effervescence. 
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The  picrate  of  bornylainine  crystallises  from  alcohol  in  long,  sulphur- 
yellow,  prismatic  needles,  and  melts  at  257°  ;  it  begins  to  darken  at 
about  240°,  and  decomposes  vigorously  at  the  melting  point. 

Neohomylamine  and  its  Derivatives. 

Neohoi'nylamine,  Cj^Hj^-NHg. — ISTeobornylamine  closely  resembles 
the  dextrorotatory  base,  remaining  as  a  powder,  however,  after  being 
kept  in  the  desiccator,  which  treatment  causes  the  isomex'ide  to  become 
more  camphor-like  in  consistence.     It  melts  at  180°. 

0-2438  gave  0-7000  COg  and  0-2689  H2O.     C  =  78-30  ;  H  =  12-25. 
0-2326     „     17-8  c.c.  of  moist  nitrogen  at  18°  and  778  mm.     N  =  9-04 
CioHj.jN  requires  0  =  78-43  ;  H=  12-42  ;  N  =  9-15  per  cent. 

The  base  is  even  more  freely  soluble  in  organic  solvents  than 
bornylamine,  and  is  insoluble  in  water.  A  solution  containing  1-0033 
gram  dissolved  in  25  c.c.  of  absolute  alcohol  at  19°,  gave  ay  =  2°  31'  as 
the  mean  of  eight  concordant  readings  in  a  2-decimetre  tube,  whence 
the  specific  rotatory  power  [a]D=  -  31*3°. 

The  hydrochloride  is  very  readily  soluble  in  water  and  in  alcohol, 
and,  on  slow  evaporation,  crystallises  in  lustrous,  white  needles  ;  it  is 
freely  soluble  in  chloroform,  and  also  dissolves  readily  in  ether.  It 
does  not  melt  below  320°.  The  salt  is  Irevorotatory,  a  solution  con- 
taining 0-7340  gram  dissolved  in  25  c.c,  of  absolute  alcohol  at  22° 
giving  aD=  -2°  17'  as  the  mean  of  six  concordant  readings  in  a 
2-decimetre  tube ;  this  corresponds  with  the  specific  rotatory  power 
[a]o=  -39-0°. 

It  is  unfortunate  that,  although  the  hydrochloride  of  neobornylamine 
dissolves  more  freely  in  ether  than  the  dextrorotatory  salt,  the  differ- 
ence cannot  be  conveniently  applied  in  isolating  either  base.  A 
specimen  of  bornylamine  hydrochloride,  which,  on  treatment  with  alkali, 
yielded  a  base  having  the  specific  rotatory  power  [a]D=  +  29°,  was  ex- 
tracted several  times  with  ether.  The  base  liberated  from  the  residue 
gave  [a]u=  -f- 32°,  and  on  evaporating  the  ethereal  extract,  treating 
with  alkali,  and  submitting  the  product  to  distillation  in  a  current  of 
steam,  a  base  was  obtained  which  gave  the  specific  rotatory  power 
[ajD^-ll*^'  Ii^  neither  case,  thei'efore,  was  a  pure  substance 
obtained. 

Formylneobornylaviine,  CjqHj~'NH*COH. — The  formyl  derivative  of 
neobornylamine  was  prepared  in  the  same  way  as  the  compound  from 
the  dextrorotatory  base  ;  on  pouring  the  formic  acid  solution  into  cold 
water,  it  separated  as  an  oil,  but  soon  solidified.  It  is  very 
readily  soluble  in  light  petroleum  and  in  alcohol,  but  crystallises  from 
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dilute  spirit  in  nacreous  leaflets  melting  at  72 — 73°.  A  solution 
containing  0-3004  gram  dissolved  in  25  c.c.  of  absolute  alcohol  at  20° 
gave  ttu  =  -  28'  as  the  mean  of  ten  concordant  readings  in  a 
2-decimetre  tube,  whence  the  specific  rotatory  power  [a]D=  -  19 '4°. 

Acetylneohornylamine,  Cj^Hj-'NH'CO'CHg. — The  base  is  not  con- 
verted into  the  acetyl  derivative  under  the  influence  of  boiling 
glacial  acetic  acid  unless  a  few  drops  of  acetic  anhydride  are  added, 
and  the  liquid  boiled  during  several  hours  in  a  reflux  apparatus  ;  the 
acetyl  derivative  is  obtained  as  a  crystalline  precipitate  on  pouring  the 
solution  into  cold  water.  It  dissolves  readily  in  cold  alcohol,  and  on 
diluting  the  liquid,  separates  in  leaflets ;  it  is  scarcely  soluble  in  cold 
petroleum,  and  dissolves  but  sparingly  in  the  boiling  agent,  crystal- 
lising from  it  in  transparent  needles  and  leaflets  melting  at  143°. 

0-1380  gave  8-5  c.c.  of  moist  nitrogen  at  14°  and  766  mm.    N  =  7-30. 
CjoHgiNO  requires  N  =  7'18  per  cent. 

The  specific  rotatory  power  was  determined  in  absolute  alcohol ;  a 
solution  containing  0-3202  gram  dissolved  in  25  c.c.  gave  aD=  -  30'  as 
the  mean  of  ten  concordant  readings  in  a  2-decimetre  tube,  whence 
the  specific  rotatory  power  [a]D=  -  19 '5°. 

An  intimate  mixture  of  the  acetyl  derivatives  of  the  two  bases  melts 
somewhat  indefinitely  at  120°  ;  repeated  crystallisation  from  petroleum 
does  not  raise  the  melting  point  of  such  a  mixture  above  125°. 

BenzoylneohoTiiylamine,  CjQH^^'NH'CO'CgH.. — The  benzoyl  deriva- 
tive of  neobornylamine  dissolves  more  freely  in  boiling  petroleum  than 
the  compound  obtained  from  the  dextrorotatory  base,  but  it  is  only 
sparingly  soluble  in  the  cold  medium ;  it  crystallises  from  the  hot 
solution  in  lustrous  needles.  The  substance  dissolves  readily  in  cold 
alcohol,  and  on  diluting  the  solution  with  water,  separates  in  glisten- 
ing white  leaflets  melting  at  130°. 

0-1662  gave  8'2  c.c.  of  moist  nitrogen  at  12°  and  754  mm.  N  =  5-81. 
Cj^H^gNO  requires  N  =  5-45  per  cent. 

A  solution  containing  0-4564  gram  dissolved  in  25  c.c.  of  absolute 
alcohol  at  20°  gave  ao=  - 1°  38'  as  the  mean  of  six  concordant  read- 
ings in  a  2-decimetre  tube,  whence  the  specific  rotatory  power 
[a]D=-44-7°. 

Neobornylamine  Platinochloride,  {0^^^-^^).2,'B..^iQ\f^. — The  platino- 
chloride  of  neobornylamine  dissolves  vei-y  readily  in  hot  alcohol,  even 
without  the  addition  of  hydrochloric  acid,  crystallising  in  aggregates  of 
lustrous,  orange  leaflets  as  the  liquid  cools.  It  is  also  soluble  in 
boiling  water,  separating  in  yellow  crystals  from  the  cold  solution. 

0-0807  gave  0-0219  Pt.     Pt  =  27-14. 

((Jj^yH^9N)2,H2PtC](;  requires  Pt  =  27-21  per  cent. 
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The  salt  darkens  at  about  270°,  gradually  becoming  deeper  in  colour 
as  the  temperature  rises ;  it  melts  and  vigorously  effervesces  at 
303°. 

The  carbamide  of  neobornylamine  crystallises  from  boiling  water  in 
minute,  white  needles,  and  melts  at  169°.  It  is  volatile  in  an  atmo- 
sphere of  steam 

The  ])Jien^lca7-bamide  resembles  the  corresponding  derivative  of 
bornylamine,  and  crystallises  from  absolute  alcohol  in  slender,  silvery 
needles.     It  melts  at  254°,  without  undergoing  decomposition. 

The  2)ic7'ate  of  neobornylamine  dissolves  readily  in  hot  alcohol,  and 
is  only  moderately  soluble  in  the  cold  agent.  It  crystallises  in  trans- 
parent, sulphur-yellow,  prismatic  needles,  and,  darkening  at  about 
230°,  melts  and  decomposes  at  248°. 

After  consideration  of  the  foregoing  results,  there  can  be  little 
doubt  that  the  base  described  by  Leuckart  and  Bach  was  a  mixture 
of  neobornylamine  with  about  20  per  cent,  of  the  dextrorotatory 
isomeride.  In  the  following  table,  the  melting  points  recorded 
by  the  investigators  mentioned  are  compared  with  those  given  in  the 
present  paper  ;  the  fourth  column  shows  the  corresponding  meltiog 
points  observed  with  the  base  obtained  from  camphor  and  ammonium 
formate. 


Bornyl- 
amine. 

Neobornyl- 
amiue. 

Base  from  camphor  and 
ammonia  formate. 

L.  and  B. 

F. 

Base 

163° 

93 

145 

139 

175 
270 

180° 
72—73° 
143 
130 
169 
254 

158-160° 
61 
141 
131 
164 
248 

172—173° 

Formyl  derivative 

Acetyl  derivative    

70—  72 
132—134 

Benzoyl  derivative 

138—139 

Carbamide  

Phenylcarbamide    

The  disagreement  between  the  third  and  fourth  columns  does  not 
necessarily  imply  inaccuracy  on  either  side — it  is  merely  due  to  the 
fact  that  the  proportion  of  bornylamine  to  the  isomeride  varies 
according  to  the  experimental  conditions.  It  is  difficult,  especially  by 
the  sealed  tube  method,  to  prepare  a  base  of  which  the  specific  rotatory 
power  can  be  foretold  with  accuracy.  As  already  stated,  in  repeating 
the  experiment  of  Leuckart  and  Bach,  a  base  was  obtained  which  was 
less  strongly  IjevoroLatory  than  their  product ;  on  another  occasion, 
however,  the  substance  was  considerably  more  hevorotatory,  the  only 
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noticeable  difference  in  the  conditions  of  the  experiment  being  one  of 
temperature. 

The  investigation  of    bornylamine  and  its  isomeride  is  being  con- 
tinued. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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XL. — TJie    Condensation    of    Chloral     Hydrate    and 

Orcinol. 

By   John   Theodore   Hewitt,   M.A.,    D.Sc,   Ph.D.,   and 
Frank  Dixon,  B.Sc. 

In  two  papers  communicated  to  the  Society  (Trans.,  1896,  69,  1265  ; 
1897,  71,  1084),  one  of  the  authors  has  shown,  in  conjunction  with 
F.  G.  Pope,  that  chloral  hydrate  and  resorcinol,  when  warmed  in  dilute 
aqueous  solution,  condense  with  formation  of  the  lactone  of  tetra- 
hydroxydiphenylacetic  acid.  The  same  product  had  previously  been 
examined  by  A.  Michael  {Amer.  Chem.  J.,  1883—1884,  5,  350  ;  1887, 
9,  134)  and  H.  Causse  {Bull.  Soc.  Chim.,  1890,  [iii],  3,  861);  the 
former  investigator  had,  however,  assigned  to  the  substance  a  wrong 
molecular  formula,  CgH^Oa,  whilst  the  latter,  although  expressing  the 
composition  by  the  formula  Cj^Hj^Oj,  was  incorrect  with  regard  to  the 
constitution.  Under  these  circumstances,  it  seemed  desirable  to 
reinvestigate  the  svibstance  obtained  by  Michael  and  J.  P.  Kyder  by 
the  condensation  of  chloral  hydrate  with  orcinol,  especially  as  they 
had  assigned  to  it  the  h  priori  improbable  constitution  represented 
by  the  formula  C[CH3-0,H,(OH).,]3-CH(OH),. 

The  result  of  our  work  has  been  to  show  that  the  first  product  of 
the  reaction  between  oi-cinol  and  chloral  hydrate  in  aqueous  solution 
at  100°,  potassium  hydrogen  sulphate  being  used  as  a  condensing 
agent,  is  not,  as  in  the  case  of  resorcinol,  a  lactone,  but  a  colourless 
acid,  which  is  only  lactonised  by  heating  in  the  dry  state.  This  acid 
undoubtedly  has  the  composition  CjgH^^Og  ;  the  analyses  and  molecular 
weight  determination  agreeing  with  this  formula.  When  heated  in 
an  indifferent  atmosphere  to  150°,  it  loses  IH2O,  and  is  converted  into 
the  corresponding  lactone,  C^^^^fir,;  this  lactone  contains  three 
hydroxyl  groups,  as  is  readily  shown  by  the  fact  that  three  acetyl  or 
benzoyl  groups  may  be  introduced  in  the  usual  way.  The  beuzoate 
exhibits,  however,  a  peculiar  behaviour,  in  that  it  readily  passes  into 
the  dibenzoyl  derivative  of  the  acid  CigH^gO^;  when  left  in  an 
alcoholic  solution  containing  water  :  some  caution  has  therefoi-e  to  be 
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exercised  in  the  preparation  of  the  tribenzoate.  Having  ascertained 
the  above-mentioned  facts,  we  were  in  a  position  to  assign  a  structural 
formula  to  the  acid  and  its  lactone.  The  former  is  produced  according 
to  the  equations 
2CH3-  C6H3(OH)2  +  CH(0H)./CCl3  =  2H.0  +  [CH3-C6H,(OH)o].,CH-CCl3  and 
CH[CH3-  C^H,(OH),],-  CCIg  +  2H.,0  =  3HCI  +  CH[CH3-"c^H,(6h)o].-  COOH. 
Orcinol  is  1:3: 5-methyldihydroxvbenzene,  so  that  the  methane 
carbon  atom  of  the  chloral  hydrate  has  the  chance  of  entering  the 
orcinol  molecule  in  the  2,  4,  or  6  positions  ;  of  these,  however,  the  2 
and  6  positions  are  equivalent.  That  it  is  the  2  or  6  position  in  which 
substitution  takes  place  is  rendered  evident  by  the  fact  that,  on  heating 
the  acid,  either  by  itself  or  with  acetic  anhydride  or  benzoic  chloride  to 
their  respective  boiling  points,  either  the  lactone  or  derivatives  of  the 
lactone  are  produced,  and  in  no  case  is  the  formation  of  xanthene 
derivatives  observed.  The  acid  and  its  lactone  are  therefore  to  be 
represented  by  the  structural  formula 

HO^    \_CH— <^    ^OH  ,     HQ/^    ^-CH— ^    \)H 

\_/       I          \_/  and            \_/      :         \_/ 

HO    I       HU  HO    '             I 

COOH  CO O 

respectively. 

The  comparative  difficvalty  with  which  this  acid  lactonises,  and  the 
ease  with  which  the  lactone  ring  is  broken,  are  matters  of  considerable 
interest. 

Victor  Meyer  and  his  pupils  have  shown  that,  if  a  substituted 
benzoic  acid  has  two  substituent  groups  in  the  ortho-positions 
relatively  to  the  carboxyl  group,  it  can  either  not  be  etheritied  at  all 
or  only  with  difficulty  by  the  ordinary  method  of  heating  with  an 
alcohol  and  a  mineral  (hydrochloric)  acid.  Again,  Sudborough  has 
observed  that  2  : 6-dibromobenzamide  is  recovered  unaltered  after 
heating  for  several  hours  in  a  sealed  tube  with  80  per  cent,  sulphuric 
acid  at  170^  (Trans.,  1895,  67,  603). 

Meyer  and  Sudborough  (compare ;?er.,  1894,  27,  510,  512, 1580,  3146) 
are  both  inclined  to  attribute  this  negative  behaviour  under  ordinary 
conditions  of  etherification  and  hydrolysis  to  want  of  space  within  the 
molecule  owing  to  the  volume  taken  up  by  the  two  ortho-substituents. 
If  this  be  so,  it  seems  feasible  to  suppose  that  should  A,  B,  and  C 
represent  groups  occupying  the  positions  1,  2,  and  3  respectively  in  a 
benzene  nucleus 

A 

B 
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group  B  would  exert  an  outward  pressure  on  groups  A  and  C,  and  have 
a  tendency  to  weaken  their  attachment  or  to  prevent  their  being 
increased  in  volume,  although,  should  A  or  0  be  absent,  there  would 
be  space  for  both  C  and  B  or  A  and  B. 

On  comparing  the  constitution  of  the  acid  CjgH^^O^;  with  that  of  the 
lower  homologue  C^j^HjoO^, 

HO/       \— OH— <^     ^OH         Ho/~\— CH— /     NoH 


HO    I       OH  OH     I        HO 

COOH  COOH 

one  can  see  that,  whereas,  in  the  latter  case,  if  lactonisation  takes  place 
between  carboxyl  and  hydroxyl  and  there  is  in  consequence  displacement 
of  the  methane  carbon  atom,  there  is  no  ortho-substituent  on  the  other 
side  to  hinder  this  motion,  in  the  former  case  thei-e  is  the  bulkier 
methyl  group  standing  in  the  way  and  tending  to  resist  such  dis- 
placemect. 

Similarly,  we  should  expect  the  influence  of  these  methyl  groups  to 
exert  themselves  in  the  sense  that  it  would  be  more  difiicult  to  intro- 
duce acidyl  groups  in  the  place  of  hydrogen  in  the  case  of  the  ortho- 
hydroxyl  groups  than  in  those  in  the  para-position  ;  and,  supposing 
these  groups  to  be  once  introduced,  for  hydrolysis  to  take  place  with 
far  greater  ease. 

Such  considerations  agree  well  with  the  observed  facts  in  that  the 
acid  is  less  readily  converted  into  lactone  than  the  lower  homologue  ; 
that  the  lactone  is  immediately  hydrolysed  when  dissolved  in  caustic 
alkalis,  and  that  the  tribenzoate  of  the  lactone  easily  passes  into  the 
dibenzoate  of  the  acid  in  aqueous  alcoholic  solution. 

Preparation  of  the  Acid  C^gH^gOg. — Two  parts  of  chloral  hydrate,  2 
parts  of  potassium  hydrogen  sulphate,  and  3  parts  of  orcinol  are  dis- 
solved in  12  parts  of  water  and  heated  for  about  16  hours  at  100°; 
on  cooling,  a  nearly  colourless  or  pale  yellow  substance  separates  in 
small  crystals,  which  were  collected  and  washed  with  cold  water. 
On  reheating  the  filtrate  with  1  part  of  chloral  hydrate,  more  of  the 
acid  may  be  obtained ;  and  this  operation  can  be  repeated  as  long  as 
acid  of  not  too  dark  a  colour  is  deposited.  To  purify  the  acid,  it  may 
be  dissolved  in  the  smallest  possible  quantity  of  warm  acetone  and 
precipitated  as  a  colourless,  crystalline  powder  by  the  addition  of 
water ;  it  takes  some  time  to  separate  completely.  It  crystallises  in 
microscopic  prisms  which  have  a  bitter  taste.  The  results  of  the 
analysis  corresponded  with  the  formula  C^gH^gOg. 

Calculated 0  =  63-15;  H  =  5-26  per  cent. 

Found C  =  63-17;  63-59.     H  =  5-68  ;  5-17  per  cent. 
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The  second  analysis  was  carried  out  with  a  specimen  which  had 
stood  in  a  desiccator  over  concentrated  sulphuric  acid  for  six  weeks  ; 
lactonisation  had  therefore  not  proceeded  to  any  appreciable 
extent, 

Michael  found  C  =  64-58  and  64-33;  H  =  5-29  and  5-34;  his  sub- 
stance must  therefore  have  been  partially  converted  into  lactone. 
In  conjunction  with  A.  M,  Comey  {Amer.  Chem.  J.,  1884,  5,  349),  he 
gives  the  melting  point  as  250°.  The  corrected  melting  points  for  our 
specimens  varied  between  252°  and  263°,  the  latter  temperature  being 
the  melting  point  of  the  corresponding  lactone. 

The  acid  is  very  sparingly  soluble  in  cold  water,  fairly  easily  in  hot 
water,  and  separates  out  on  cooling.  It  also  dissolves  in  alcohol, 
benzene,  carbon  bisulphide,  and  acetone,  but  not  in  light  petroleum. 
The  acid  dissolves  in  fairly  strong  caustic  soda  solution  with  a  deep 
blue  coloration ;  this  nearly  disappears  on  moderate  dilution  with 
water.     Cold,  strong  sulphuric  acid  gives  no  colour  reaction. 

The  molecular  weight  was  found  from  the  boiling  point  of  an  alcoholic 
solution.     Alcohol  employed  13 '9 6  grams. 

0'5703  gram  ra,ised  boiling  point  0*14°  corresponding  with  mol.  wt.  336. 
10801         „  „  „         0-30°         „  „  „  296. 

The  calculated  molecular  weight  is  304.  We  may  point  out  here 
that  Michael's  formula  corresponds  with  a  molecular  weight  of  428. 

Attempts  to  prepare  salts  of  the  acid  were  not  very  satisfactory  ; 
the  acid  dissolved  in  a  hot  solution  of  potassium  carbonate  with  evolu- 
tion of  carbon  dioxide  (1  acid  :  0*22  potassium  carbonate  :  10  of  water), 
but  nothing  separated  on  cooling  ;  evaporation  did  not  give  a  satis- 
factory result,  as  the  potassium  salt  is  very  soluble,  and  the  solution 
rapidly  tui-ned  brown.  No  precipitates  were  obtained  by  adding 
barium  chloride,  silver  nitrate,  copper  sulphate,  ferric  chloride,  lead 
acetate  or  mercuric  chloride  to  this  solution. 

On  treating  an  aqueous  solution  of  the  acid  with  ferric  chloride,  a 
brown  precipitate  is  obtained  ;  this  pi-ecipitate  is  soluble  in  alkali,  and 
reprecipitated  by  acids. 

Preparation  of  the  Lactone. — A  weighed  quantity  of  substance  was 
carefully  heated  in  an  atmosphere  of  coal  gas  for  1^  hours  at  a  tem- 
perature of  150°. 

0*529,  on  heating,  lost  0-035,  corresponding  with  6-61  per  cent,  of  water. 
0-9528,        „  „    0-0572,         „  „    6-00       „ 

The  calculated  percentage  loss  for  IHgO  is  5-92. 

The  lactone  prepared  in  this  way  is  almost  colourless,  and  melts  at 
263°  (corrected).  The  lactone  is  apparently  immediately  hydrolysed 
on  dissolviu*;  it  in  an  alkali. 
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Calculated  for  Cn^Hi^O^....     C  =  67-13  ;  H  =  4-89  per  cent. 
Found C  =  66-94;  H  =  5-01 

Triacetyl  Derivative  of  the  Lactone. — A  mixture  of  1  part  of  the  acid 
and  5  parts  of  acetic  anhydride,  after  being  heated  for  1  hour  in  a 
reflux  apparatus,  was  poured  while  hot  into  cold  water,  and  the  pre- 
cipitate recrystalHsed  from  ethylic  acetate  ;  the  substance  is  thus 
obtained  in  small,  colourless  prisms,  melting  at  189°  (corrected). 

Michael  and  Ryder  give  the  melting  point  as  185°. 

Calculated   C  =  64-08  ;  H  =  4-85  per  cent. 

Found    C  =  64-29;  H  =  4-94 

Michael  and  Ryder  found     C  =  63-73  ;  H  =  5-10 

The  acetate  is  insoluble  in  water,  and  is  only  sparingly  soluble  in 
hydrocarbon  solvents ;  it  dissolves,  however,  in  carbon  bisulphide, 
acetic  acid,  ethylic  acetate,  and  ethylic  benzoate.  It  dissolves  on 
warming  with  concentrated  sulphuric  acid,  a  pale,  brown  coloration 
being  produced,  and  on  diluting  this  solution  with  water,  a  nearly 
colourless  precipitate  is  obtained. 

Trihenzoate  of  the  Lactone. — This  was  obtained  by  boiling  the  acid 
for  about  10  minutes  with  10  times  its  weight  of  benzoic  chloride  ; 
after  a  lapse  of  a  few  minutes,  no  further  evolution  of  hydrogen 
chloride  taking  place,  the  slightly  yellow  solution  of  the  benzoate  in 
excess  of  benzoic  chloride  was  poured  into  light  petroleum,  whereby  it 
was  precipitated  in  a  resinous  condition  ;  on  pouring  off  the  liquid, 
adding  more  light  petroleum,  and  stirring  vigorously,  the  substance  is 
soon  obtained  in  a  granular  condition.  It  can  be  readily  purified  by 
dissolving  it  in  ethylic  acetate,  and  adding  ethylic  alcohol,  when  it  is 
precipitated  as  an  almost  colourless,  crystalline  powder.  It  was  dried 
in  a  vacuum  desiccator  over  sulphuric  acid  and  analysed. 

Calculated  for  Cg^HgeOg. . .     C  =  74-25  ;  H  =  4-35  per  cent. 

Found C  =  74-43,75-06;  H  =  4-73,4-64  percent. 

On  heating  in  a  capillary  tube,  no  definite  melting  point  can  be  ob- 
served ;  the  substance  sinters  at  about  200°,  and  apparently  undergoes 
some  decomposition.  It  is  easily  soluble  in  acetone,  ethylic  acetate, 
warm  ethylic  benzoate  and  chloroform,  somewhat  soluble  in  glacial 
acetic  acid  and  benzene,  and  apparently  quite  insoluble  in  water, 
alcohol,  and  light  petroleum. 

The  substance  dissolves  easily  in  warm  caustic  soda  solution,  the 
lactone  ring  being  split  ;  it  also  dissolves  in  concentrated  sulphuric 
acid,  but  gives  no  characteristic  colour  reaction. 

Dihenzoate  of  the  Acid. — In  preparing  the  tribenzoate  of  the  lactone, 
we  at  first  poured  our  benzoic  chloride  solution  into  90  per  cent, 
alcohol.     On  one  occasion,  having  to  leave  the  product  for  2  days,  we 
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were  surprised  to  find  that  the  substance  had  entirely  dissolved.  We 
were  able,  however,  to  obtain  a  crystalline  substance  by  the  addition 
of  water.  This,  after  repeated  treatment  with  dilute  alcohol,  to  re- 
move benzoic  acid  and  ethylic  benzoate,  was  recrystallised  from  dilute 
alcohol,  and  gave,  on  analysis,  numbers  agreeing  with  those  of  a 
dibenzoyl  derivative  of  the  acid. 

Calculated  for  Ci,5Hi406(C7H50),     C  =  70-31  ;  H  =  4-69  per  cent. 
Found C  =  70-92,  70-38;  H  =  4-51,  4-81. 

We  soon  found  that  it  was  an  acid,  and  not  a  lactone,  with  which 
we  had  to  deal.  The  substance  dissolves  in  alcohol  very  readily  ;  in 
this  solution,  water  produces  a  milkiness  which  is  removed  by  sodium 
carbonate  solution.  The  solution  of  the  sodium  salt  gives  precipitates 
with  silver  and  lead  nitrates,  the  former  is,  however,  fairly  soluble  in 
pure  water.  This  dibenzoate  melts  at  204°  (corrected).  It  dissolves 
readily  in  alcohol,  ethylic  acetate,  ether,  chloroform,  benzene,  and 
glacial  acetic  acid,  but  is  insoluble  in  water. 

East  London  Technical  College, 


XLI. — Suljphonation  of  Benzophenone  and  of  Diphenyl- 

methane. 

By  Arthur  Lapworth,  D.Sc. 

Benzophenone,  in  common  with  all  simple  benzene  derivatives  con- 
taining the  group  -CO-  attached  directly  to  the  benzenoid  nucleus, 
yields  large  quantities  of  meta-deviva,tives  when  acted  on  by  most  sub- 
stituting agents.  Its  behaviour  in  this  respect,  therefore,  is  what 
should,  by  analogy,  be  expected,  and  is  in  accordance  with  the  rule  of 
Crum  Brown  and  Gibson  and  with  the  author's  conception  (Proc,  1897, 
246)  of  the  manner  in  which  weto-derivatives  are  formed. 

The  behaviour  of  benzophenone  on  sulphonation,  however,  has  long 
been  thought  exceptional,  as  the  a-disulphonic  acid,  the  only  known 
acid  prepared  by  direct  substitution,  yielded  parahydroxybenzoic  acid 
only,  or  almost  entirely,  when  fused  with  potash  (Sitadel,  Arm.,  1878, 
194,  314),  an  observation  which  made  it  probable  that  the  acid  was 
benzophenoneparadisulphonic  acid.  Stjidel  states  that  he  observed  the 
production  of  a  small  quantity  of  a  second  acid,  which,  however,  he  did 
not  closely  examine. 

As  the  supposition  that  benzophenone  affords  no  considerable 
quantity  of  ?/ie^«-acid  involves  the  idea  that  its  behaviour  in  this  re- 
spect is  unique,  the  author  took  up  the  study  of  the  question,  in  the 
hope  that  some  light  might  be  thrown  on  the  question  by  indirect 


BENZOPHENONE  AND  OF  DIPHENYLMETHANE.       403 

means.  It  was  at  first  thought  probable  that  the  fusion  of  the  sul- 
phonic  acid  with  alkali  had  resulted  in  an  intramolecular  change 
similar  to  that  which  benzene-ortho-  and  benzene-para-disulphonic  acid 
undergo  when  subjected  to  similar  treatment,  since  these  acids,  as  is  well 
known,  both  yield  the  metadihydroxy-compound  resorcinol.  The  author's 
attention  was  therefore  first  directed  to  the  possibility  either  of  syn- 
thesising  the  substance  from  some  diphenylmethane  acid  of  known 
constitution,  or  of  reducing  it  by  some  means  to  the  corresponding 
diphenylmethane  acid.  These  attempts  proved  fruitless,  however,  as 
did  all  experiments  in  the  direction  of  preparing  its  oxime,  whicli  it 
was  hoped  would  undergo  the  "  Beckmann  isomeric  change,"  yielding 
simpler  benzene  derivatives.  No  better  success  was  met  with  when 
attempts  were  made  to  eliminate  sulphur  dioxide  from  the  disulphonic 
chloride  or  bromide,  as  these  substances  failed  to  yield  more  than  a 
trace  of  crystalline  matter  when  heated,  either  alone  or  with  phosphorus 
pentachloride  or  pentabromide  respectively. 

The  author  finally  directed  his  attention  to  a  cai'eful  examination  of 
the  acids  obtained  when  the  crude  products  of  sulphonation  were  fused, 
at  as  low  a  temperature  as  possible,  with  caustic  alkali,  in  the  hope 
that,  by  a  careful  fractionation  of  the  product,  metahydroxybenzoic  acid 
might  be  detected,  even  if  only  in  relatively  small  amount.  The  result 
was  surprising,  for  not  only  was  metahydroxybenzoic  acid  found  to  be  the 
chief  product,  but,  so  far  as  could  be  ascertained,  no  great  amount  of  the 
para-compound  was  formed.  Having  succeeded  in  proving  that  meta- 
acid  was  present  in  the  crude  sulphonation  product,  the  author  repeated 
the  experiment,  under  several  different  conditions,  employing  the 
purified  disulphonic  chloride  described  in  the  paper  ;  in  every  case,  the 
only  acid  found  in  any  considerable  quantity  was  the  «ieto-acid. 

The  difference  between  the  author's  result  and  that  of  Stadel  may 
have  been  dvie  to  one  of  several  causes.  Thus,  it  is  not  impossible  that 
the  conditions  employed  by  Stadel  in  the  original  sulphonation  were 
different  from  those  used  by  the  author,  or  that,  at  the  temperature 
which  the  author  found  it  necessary  to  employ  during  the  fusion,  the 
somewhat  unstable  parahydroxy benzoic  acid  was  destroyed  leaving  only 
the  stable  meta-acid.  Further,  it  may  be  pointed  out  that  the  methods 
employed  by  Stadel  for  the  identification  of  his  substance  appear  some- 
what unsatisfactory ;  whereas  the  method  employed  in  this  research 
leaves  no  room  for  doubt  that  the  acid  obtained  was  the  meta-  and  not 
the  para-acid,  as  the  fact  that  it  yielded  a  tribrominated  acid  is  in- 
compatible with  the  alternative  supposition,  for  the  para-acid  at  once 
loses  carbon  dioxide  on  bromination. 

Whatever  be  the  explanation,  however,  the  author's  object  is 
accomplished  in  showing  that  it  is  not  necessary  to  suppose  that  the 
sulphonation  of  benzophenone  is  anomalous.     It  may  still  be  doubted. 
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of  course,  whether  it  is  certain  that  the  disulphonic  acid  is  the  hetero- 
nuclear  dimeta-acid  or  the  parameta-acid ;  the  former  constitution, 
however,  appears  the  more  likely. 

During  the  course  of  the  present  investigation,  sevei'al  new  com- 
pounds have  been  obtained  and  characterised,  more  especially  certain 
derivatives  of  benzophenonedisul phonic  acid.  The  acid  itself  is 
presumably  the  same  as  that  obtained  by  Stadel  (loc.  cit.)  and  by 
Beckmann  (Be7\,  1876,  8,  992) ;  the  latter  describes  its  sulphonic 
chloride,  which  he  found  to  ci'ystallise  from  ether  in  microscopic 
prisms  melting  at  121  "5°  This  observation  the  author  has  not  been 
able  to  confirm,  as  the  substance  he  obtained  always  formed  large 
prisms  or  plates  melting  at  ISS*^ ;  that  the  substances  are  identical 
seems  clear  from  the  fact  that  Beckmann,  in  one  portion  of  his  paper, 
states  that,  after  carrying  the  sulphonic  chloride  through  a  certain 
cycle  of  operations,  he  recovered  it  in  the  form  of  anorthic  crystals 
melting  at  138°,  and  its  properties  then  tally  in  all  respects  with  those 
of  the  author's  substance.  The  observations  of  Beckmann  at  once 
suggest  the  idea  that  the  difference  in  melting  point  was  due  to 
dimorphism,  a  phenomenon  which,  as  is  well-known,  is  not  always 
easy  to  detect. 

A  cursory  examination  of  the  sulphonic  derivatives  of  diphenyl- 
methane  was  also  made,  the  action  of  both  chlorosulphonic  acid  and 
sulphuric  acid  on  the  substance  being  studied.  The  results  were 
substantially  the  same  as  those  obtained  by  Doer  {Ber.,  1872,  5,  796), 
but  there  is  some  evidence  to  show  that  the  products  are  mixtures  of 
two  or  more  sulphonic  acids,  as  the  crude  chloride  is  usually  liquid 
and  always  difficult  to  purify,  having  a  melting  point  which  is  not 
easy  to  obtain  constant,  even  when  the  product  is  distinctly  crys- 
talline and  free  from  any  trace  of  oily  matter.  The  oxidation  of  the 
dipara-acid  with  permanganate  afforded  little  or  no  benzophenone  acid, 
as  a  product  was  obtained  which,  on  treatment  with  phosphorus 
pentachloride,  gave  almost  entirely  phosphorus  compounds;  this 
behaviour  indicating  the  introduction  of  hydroxyl  groups  into  the 
molecule. 

Experimental. 

Sulphonation  of  Benzophenone. 

Benzophenone  is  scarcely  affected  by  treatment  with  chlorosulphonic 
acid,  and  the  only  isolable  products  are  benzophenonesulphone, 
C  jH^SOa  (first  obtained  by  Stadel  on  sulphonating  with  sulphuric 
acid),  and  a  small  quantity  of  a  sulphonic  chloride  which  was  not 
examined.  It  is,  however,  quickly  attacked  by  fuming  sulphuric  acid 
containing  about  15   per   cent,   of    anhydride,  and   it  is  advisable  to 
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employ  an  amount  of  the  latter  equal  to  ten  times  the  weight  of  the 
benzophenone  used ;  the  whole  then  becomes  sulphonated  quickly  at 
about  90°,  and  only  a  small  amount  of  sulphone  is  produced. 

The  product,  after  dilution,  is  treated  with  baryta  water  until 
neutral,  and  the  filtrate  evaporated  and  allowed  to  cool ;  the  crystals 
which  separate  are  then  collected  and  recrystallised  from  hot  water 
The  product  is  nearly  homogeneous. 

Barium  3  :  3'  (or  3  :  A:')-henzophenone  disulphonate,  CjgHgSgOyBa,  is 
sparingly  soluble  in  cold  water,  but  dissolves  readily  in  the  hot 
liquid,  separating  on  cooling  in  flat,  shining  needles.  It  is  insoluble 
in  alcohol  and  in  acetone.     An  air-dried  specimen  was  analysed. 

0-6581  lost  0-0065  at  120°  and  gave  0-3126  BaSO^.  Ba  (in  anhy- 
drous salt)  =  28-2. 

CigHgSgOyBa  requires  Ba  =  28-7  per  cent. 

The  potassium  and  ammonium  salts  were  prepared  and  found  to  be 
excessively  soluble  in  water,  but  practically  insoluble  in  alcohol.  Both 
crystallise  in  minute  needles. 

Benzo2Jhenone-Z :  3'  (or  3 : 4:')-disulphonic  chloride,  C^3HgO(S02Cl)2,  which 
is  easily  prepared  from  the  potassium  salt  by  means  of  phosphorus 
pentachloride  at  100°,  is  best  purified  by  shaking  its  solution  in 
chloroform  with  water  in  which  a  little  sodium  carbonate  is  dissolved. 
It  separates  from  the  dried  liquid  in  beautiful,  transparent  crystals 
of  large  size,  belonging  to  the  anorthic  system,  or  in  curious  lenticular 
plates  whose  sides  appear  to  be  curved  owing  to  the  mode  of  development 
of  the  crystal  faces.  It  is  practically  insoluble  in  carbon  bisulphide, 
somewhat  sparingly  soluble  in  ether  and  ethylic  acetate,  but  freely  in 
chloroform,  hot  acetic  acid  or  benzene ;  from  each  of  these  solvents 
it  was  deposited  in  forms  crystallographically  identical,  and  in  no  case 
was  any  indication  of  dimorphism  detected.     It  melts  at  137 — 138°. 

Attempts  were  made  to  eliminate  sulphur  dioxide  from  the  sulphonic 
chloride  by  heating,  with  the  object  of  obtaining  the  corresponding 
dichlorobenzophenone.  It  slowly  evolves  sulphur  dioxide  at  170 — 180°, 
but  chars  at  the  same  time,  and  in  no  case  was  it  found  possible  to 
obtain  more  than  a  trace  of  any  crystalline  substance  in  this  manner, 
even  when  phosphorus  pentachloride  was  present ;  in  the  latter  case,  a 
small  quantity  of  an  amorphous  substance  was  isolated,  apparently 
identical  with  Beckmann's  tetrachloride,  C^3lIgS20^Cl4.  Like  the 
other  sulphonic  derivatives  of  benzophenone  here  described,  it  did  not 
yield  an  oxime  when  treated  with  hydroxylamine. 

0-2124  gave  0-1586  AgCl.     CI  =  18-5. 

Ci3HgS205Cl2  requires  Cl=  18-7  per  cent. 

Benzophenone-Z  :  3'  (or  3  :  i'ysulphonamide,  Cj3HgO(S02NH2)2,  is 
sparingly  soluble  in  hot  water,  benzene,  and  chloroform,  but  dissolves 
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readily  in  alcohol  and  acetone.  It  is  best  crystallised  from  hot  dilute 
alcohol,  from  which  it  usually  separates  as  an  amorphous,  white  pre- 
cipitate which  suddenly  becomes  crystalline  ;  it  forms  thin,  shim- 
mering needles  melting  at  157°. 

Benzo2)heno7ie-3  :  3'  ( or  3  :  ^'ydisuljyhanilide,  Ci3HgO(S02NHCgH5)o,  is 
insoluble  in  hot  water,  benzene,  chloroform,  or  petroleum,  but  dissolves 
readily  in  ethylic  acetate,  acetone,  and  hot  alcohol.  From  ethylic 
acetate  solution,  it  separates  in  large,  transparent,  glistening  crystals, 
or  as  a  sandy  powder,  and,  when  heated,  becomes  opaque  at  167°  and 
melts  at  177 — 178°.  Benzophenone-S  :  3'  (or  3  :  i')-disul2Jhopii)eridide, 
Cj3HgO(S02NC5HjQ)2,  resembles  the  sulphanilide  in  solubility,  and  has 
the  following  somewhat  remarkable  property  When  it  is  dissolved  in 
hot  alcohol,  it  forms  a  colourless,  limpid  liquid  which  when  cold  sets  to 
a  transparent  jelly  which  may  be  cut  with  a  clean  knife ;  if  the  jelly 
be  touched  with  a  crystal  of  the  piperidide,  however,  or  if  the  containing 
vessel  be  scratched,  the  jelly  is  gradually  transformed  into  a  limpid 
liquid  containing  crystals  of  the  piperidide  in  suspension.  The  crystals 
of  the  piperidide  obtained  by  spontaneous  evaporation  of  the  cold 
alcoholic  solution  are  very  characteristic,  being  rectangular  plates  which 
are  hollowed  out  at  each  end  nearly  to  the  centre ;  from  ethylic  acetate, 
the  substance  se])arates  in  beautiful,  monoclinic  prisms  very  sym- 
metrically developed  and  with  brilliant  faces.     It  melts  at  168°. 

Many  attempts  were  made  to  reduce  one  or  other  of  the  foregoing 
benzophenone  compounds  to  the  corresponding  derivative  of  diphenyl- 
methane,  but  all  without  success.  Tin  and  hydrochloric  acid  produced 
no  effect  whatsoever,  and  the  action  of  hydriodic  acid,  where  reduction 
did  occur,  was  to  cause  complete  decomposition  or  to  produce  such  a 
mixture  that  it  was  impossible  to  obtain  any  appreciable  quantity  of 
pure  reduction  product.  The  attempts  were  finally  abandoned  when 
the  result  of  the  fusion  had  yielded  sufficiently  significant  results. 

Fusion  of  Benzophenonedisulphonic  Acid  loith  Alkali. 

The  first  experiments  being  made  with  a  view  to  determine  if  any 
meta-acid  at  all  was  produced,  the  whole  of  the  crude  sulphonation 
product  was  converted  into  potassium  salt,  and  the  liquid,  evaporated  to 
a  syrupy  consistency,  was  mixed  with  a  very  large  excess  of  potassium 
hydroxide.  The  whole  was  then  heated  in  a  nickel  basin,  the  tem- 
perature being  allowed  to  rise  very  gradually  stage  by  stage  and  the 
mass  tested  at  intervals  in  order  to  determine  the  lowest  temperature 
necessary  for  the  decomposition ;  at  the  first  indication  of  sulphite,  the 
temperature  was  maintained  approximately  constant  until  no  further 
alteration  took  place.  The  whole  was  then  dissolved  in  water,  acidified, 
and  extracted  repeatedly  with  ether;  the  latter,  on   evapoi'ation  to 
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dryness,  left  a  crystalline  residue,  which,  after  one  crystallisation  from 
water,  formed  nodular  aggregates  of  needles  melting  at  197 — 199°  and 
apparently  pure  and  anhydrous.  It  had,  in  fact,  all  the  general  properties 
of  metahydroxybenzoic  acid. 

This  result  being  so  striking,  the  products  of  fusion  of  the  pure 
sulphonic  chloride  melting  at  136 — 137°  were  next  investigated.  As  the 
product  again  had  the  characters  of  nearly  pure  metahydroxybenzoic 
acid,  the  following  experiment  was  made  to  determine  how  much  para- 
acid,  if  any,  accompanied  it,  advantage  being  taken  of  the  fact  that 
metahydroxybenzoic  acid  yields  a  tribrominated  acid,  whilst  the  para- 
acid  gives  bromophenols  only. 

The  crude  ethereal  extract  of  the  acidified  product  of  fusion  was 
evaporated  to  dryness,  dissolved  in  dilute  sodium  carbonate  solution, 
and  the  latter  extracted  repeatedly  with  ether  vintil  the  extracts  left  no 
appreciable  residue  on  evaporation.  The  aqueous  liquid  was  then  treat- 
ed with  excess  of  bromine,  next  decolorised  by  means  of  sulphur  dioxide, 
made  alkaline  with  sodium  carbonate,  and  extracted  with  ether  to 
obtain  any  bromophenols  produced  from  the  para-acid,  if  that  were 
present.  These  extracts  afforded  only  0*2  gram  of  residue  having  the 
odour  characteristic  of  bromophenols,  whilst  the  aqueous  solution, 
after  acidification,  yielded  7  grams  of  tribromometahydroxybenzoic  acid. 
This  result  is  sufiicient  to  show  that  only  a  very  small  quantity  of 
parahydroxybenzoic  acid  could  have  been  formed  during  the  fusion. 

That  the  acid  obtained  by  fusion  was  identical  with  metahydroxy- 
benzoic acid  was  proved  by  the  following  observations. 

A  specimen,  dried  at  100°,  gave  the  following  result  on  analysis. 

0-1698  gave  0-3781  CO2  and  0-0709  H2O.     C  =  60-7  ;  H  =  4-6. 
CyHgOg  requires  0  :=  60-9  ;  H  =  4-3  per  cent. 

It  formed  nodular  masses  of  needles  when  crystallised  from  water, 
had  a  distinctly  sweet  taste,  and  melted  at  198 — 200°.  Microscopically 
examined,  it  was  indistinguishable  from  the  acid  in  question ;  a  mix- 
ture of  the  two  had  the  same  melting  point  as  each  separately,  and 
when  warmed  with  strong  sulphuric  acid  both  gave  the  same  charac- 
teristic reddish  coloration.  The  ethylic  and  methylic  ethers,  as  well 
as  the  tribromo-derivatives  of  the  two  acids,  were  prepared  and  found 
to  be  identical. 

The  tribromo-derivative  of  the  above  acid  was  analysed,  after  being 
heated  at  110°  for  6  hours. 

0-2179  gave  0-3277  AgBr.     Br  =  63-9. 

CyHgBrgOg  requires  Br  ==  64*1  per  cent. 

There  can  be  no  doubt  then,  that  the  acids  obtained  from  the  above 
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benzophenonedisulphonic  chloride  consist  for  the  most  part  of  meta- 
hydroxybenzoic  acid,  and  contain  only  a  trace,  if  any,  of  the  para- 
acid. 

Sulphonation  of  Diphenylmethane. 

The  products  of  sulphonation  of  diphenylmethane  were  investigated, 
in  the  hope  of  obtaining  from  the  dipara-acid  the  corresponding  deriva- 
tive of  benzophenone  for  comparison  with  that  obtained  from  the  latter 
by  substitution  ;  and  although  this  was  not  accomplished,  the  following 
facts  may  be  of  some  interest. 

Diphenylmethane  is  readily  sulphonated  by  means  of  chlorosulphonic 
acid ;  if  only  one  molecular  proportion  of  the  latter  is  employed,  the 
product  is  a  mixture  of  the  mono-  and  di-sulphonic  acids,  and  much  of  the 
hydrocarbon  remains  unaltered.  It  was  found  to  be  exceedingly  diffi- 
cult to  separate  the  acids,  and,  as  it  was  foreign  to  the  object  of  the 
research,  the  attempt  was  not  persevered  in.  When  two  molecular 
proportions  of  the  chlorosulphonic  acid  were  used,  the  product  was 
found  to  be  very  similar  to  that  obtained  when  fuming  sulphuric  acid 
was  employed,  but  a  considerable  quantity  of  a  new  substance 
remained  dissolved  in  the  chloroform  used  after  the  latter  had  been 
extracted  with  water.     This  substance  is  dijyhenylmethaneorthosulphone, 


|,  as  is  shown   by  the  following  facts.     On  analysis, 

\/\so/\/ 

0-2021  gave  0-2010  BaSO^     S  =  13-6. 

CjgHjoSOg  requires  S=  13-9  per  cent. 

When  oxidised  by  a  mixture  of  sulphuric  acid  and  potassium 
dichromate  it  afforded  some  quantity  of  a  compound  identical  with  the 
sulphone  obtained  from  benzophenone  (Stiidel,  loc.  cit.),  and  which  is 
known  to  be  the  ortho-derivative,  as  it  is  produced  when  thio-xanthone 
is  oxidised  {Ann.,  1891,  263,  10). 

Diphenylmethanesulphone  is  readily  soluble  in  chloroform  and  acetic 
acid,  and  crystallises  in  brilliant,  yellowish  needles  melting  at 
169—170°. 

Some  diphenylmethane  was  sulphonated  by  means  of  fuming  sul- 
phuric acid  ;  this  experiment  has  already  been  made  by  Doer  (Ber., 
1872,  5,  796)  who  described  some  of  the  salts  obtained  from  the  acid 
produced  ;  doubtless  it  is  the  dipara-acid  which  is  the  final  product,  but 
the  author  invariably  obtained  a  mixture,  as  the  salts  were  ill-charac- 
terised, and  the  sulphonic  chloride,  however  carefully  made,  was 
contaminated  with  at  least  one  other  substance  which  lowers  its  melting 
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point,  and  occasionally  prevents  it  from  crystallising  at  all.  When  the 
sulphonation  has  been  allowed  to  go  on  for  a  long  time  (2  days  at 
80 — 90°),  the  chloride  obtained  is  very  much  more  easy  to  purify  ;  this 
fact  is  doubtless  due  to  the  gradual  change  of  an  ortho-acid  into  the 
para-acid,  for  no  large  amount  of  monosulphonic  acid  appears  to  be 
formed  at  any  stage. 

The  pure  sulphonic  chloride  is  best  obtained  from  the  crude  sub- 
stance, which  is  usually  liquid,  by  freezing.  The  powder  which  separ- 
ates may  then  be  collected  and  recrystallised  repeatedly  from  ethylic 
acetate  mixed  with  petroleum. 

Dij)henyhnethaneA  ;  ^' -disulj^honic  chloride,  Q'-^^^q(^0^\).2,  is  readily 
soluble  in  chloroform  and  ethylic  acetate,  and  separates  from  the 
former  in  bright  prisms  melting  at  124°.  When  heated  at  170 — 180°, 
it  chars,  losing  sulphur  dioxide,  but  without  affording  any  crystalline 
matter. 

0-2266  gave  0-1763  AgCl.     CI  =  19-2. 

C^gHjoSgO^Clo  requires  01  =  19-5  per  cent. 

The  anilide  forms  suboctahedral  crystals  melting  at  178°;  the 
2nperidide  is  very  sparingly  soluble  in  alcohol  and  ethylic  acetate,  some- 
what readily  in  acetone,  and  crystallises  from  the  latter  in  shimmering 
leaflets  or  plates  melting  at  171 — 172°, 

Attempts  were  made  to  oxidise  the  potassium  salt  of  this  sulphonic 
acid.  The  salt  was  dissolved  in  hot  water,  and  powdered  potassium 
permanganate  was  gradually  added  to  the  solution  ;  when  rather  less 
than  enough  to  supply  two  atomic  proportions  of  oxygen  had  been 
added,  the  colour,  which  had  at  first  disappeared  after  each  addition, 
was  permanent.  The  whole  was  filtered,  evaporated  to  dryness,  and 
treated  with  phosphorus  pentachloride  and  then  with  water ;  the 
residue  was  mixed  with  an  equal  weight  of  piperidine,  and  the  mixture 
of  piperidides  fractionally  ci-ystallised.  No  trace  of  any  substance 
having  the  properties  of  benzophenonedisulphopiperidide  could  be  de- 
tected, and  those  fractions  which  approached  it  in  solubility  most 
nearly  were  found  to  be  phosphorus  compounds.  This  mode  of  inves- 
tigation, therefore,  was  given  up  as  hopeless. 

All  attempts  to  oxidise  the  sulphonamide  were  equally  fruitless,  and 
as  the  results  before  mentioned  threw  entirely  new  light  on  the  sub- 
ject, no  further  examination  of  the  diphenylmethane  derivatives  was 
made. 

Chemical  Department, 

School  of  Pharmacy, 

17  Bloomsbury  Square,  "W.C. 
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XLII. — Reduction  of  Bromic  Acid  and  the  Laiv  of  Mass 

Action. 

By  Winifred  Judson,  B.Sc,  and  James  Wallace  Walker, 
xM.A.,  Ph.D. 

Within  the  last  few  years  the  velocities  of  a  large  number  of  chemical 
i-eactions  have  been  studied  with  the  purpose  of  determining  the 
mechanism  of  their  transfoi-mations.  Many  of  these  have  confirmed 
the  theory  connecting  the  velocity  of  a  reaction  with  the  number  of 
molecules  participating  in  it,  whilst  others  have  brought  some  new 
and  remarkable  facts  to  light.  The  great  majority  of  them,  however, 
only  involve  a  reaction  between  at  most  two  molecules,  and  very  few 
of  a  more  complex  nature  are  known  in  which  some  subsidiary  re- 
action does  not  complicate  matters  to  such  a  degree  that  they  cannot 
be  made  to  yield  simple  mathematical  results.  The  reduction  of  the 
oxygen  acids  of  the  halogens  by  hydriodic  acid  is  a  striking  example 
of  this  class,  and,  although  it  has  been  studied  by  numerous  chemists, 
it  is  only  recently  that  it  has  been  satisfactorily  explained  by  Noyes 
{Zeit.  2)hi/sikal.  Chem.,  1896,  19,  599).  This  is  the  more  remarkable, 
as  we  should  at  first  sight  consider  it  to  be  of  a  quite  simple  nature. 
The  experience  of  all  those  who  have  investigated  it,  however,  has 
led  to  the  opposite  conclusion,  and  although  Noyes  has  shown  from 
Magnanini's  determinations  that  the  reaction  between  hydriodic  and 
bromic  acids  is  one  of  the  fourth  order,  still  nothing  approaching  to  an 
absolute  '  velocity  constant '  has  been  obtained. 

The  first  reaction  of  this  kind  investigated  was  the  interaction  of 
bromic  and  hydriodic  acids  by  Ostwald  (Zeit.  ph//sikal.  Chem.,  1888,  2, 
127).     He   found   that  the  values  of  k  obtained  from  the  equation 

1          X 
k=~    ,  instead  of  being  constant,  showed  a  continual  decrease 

t    A{A  -  x)  ^ 

with  the  progress  of  the  reaction,  but  he  did  not  attempt  to  find 
a  solution  of  the  anomaly,  as  his  object  then  was  to  determine  the 
accelerating  influence  of  different  acids  on  the  velocity  of  the  reaction. 
The  accelerating  effect  of  the  different  acids  employed  was,  in  general, 
proportional  to  their  aflinity  constants  as  determined  by  conductivity  ; 
but  there  were  one  or  two  exceptions,  and  notable  among  these  was 
hydrobromic  acid,  which  increased  the  velocity  10  per  cent,  more 
than  the  value  of  its  affinity  constant  would  have  led  him  to  expect. 
This  fact  suggests  one  disturbing  influence  in  the  action  of  hydriodic 
acid  on  bromic  acid,  becaiise,  accoi'ding  to  the  equation  GHI  +  HBrO.^  = 
ITBr-)- .3TT.,0-f3I.„  hydrobromic  acid  is  formed  by  the  reaction.     The 
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subject  was  next  taken  up  by  Meyerhoffer  (Zeit.  phjsiJcal.  Chem., 
1888,  2,  585),  who  attempted  to  give  expression  to  the  other  dis- 
turbing influence,  namely,  the  retarding  action  of  the  liberated  iodine. 
The  existence  of  this  retarding  effect  is  much  more  apparent  from 
the  values  obtained  by  another  chemist  who  investigated  the  subject, 
namely,  Burchard  {Zeit.  physikal.  Chem.,  1888,  2,  796).  He  deter- 
mined, not  only  the  velocity  of  the  reaction  between  bromic  acid  and 
hydriodic  acid,  but  also  employed  iodic  and  chloric  acids  instead  of 
bromic,  and  performed  his  experiments  at  a  large  number  of  different 
concentrations.  The  following  tables,  in  which  the  original  con- 
centration of  the  one  is  double  that  of  the  other,  contain  some  of  the 
results  of  two  of  his  experiments  on  HI  and  HlOg. 


C  =  l. 


t  m  minutes. 

5 

10 

20 

30 


lodiue  liberated. 

3"3  milligrams. 

5-4 

8-82 
11-13        „ 
37-96 


C  =  2. 


t  ill  minutes. 
10 
15 
20 
30 

00 


lodiue  liberated. 
38-25  milligrams. 
40-88 
42-11 
43-99 
75-92 


In  the  second  table  it  is  evident  that  after  10  minutes  the  con- 
centrations of  the  two  acids  are  almost  identical  with  their  original 
concentrations  in  the  first  table.  If  the  products  of  the  reaction 
were  without  influence  on  its  velocity,  therefore,  from  this  point 
onwards  the  amount  of  iodine  liberated  in  a  given  time  ought  to  be 
identical  with  that  liberated  in  Table  I ;  this  is  evidently  not  the  case. 
From  the  middle  point  in  Table  II,  there  is  liberated  in  5  minutes  only 
2-63  milligrams  of  iodine  instead  of  3-3  ;  in  10  minutes,  3-86  mg.  instead 
of  5-4  ;  and  in  20  minutes,  5-74  mg.  instead  of  11-13.  A  like  result,  but 
more  accurate,  is  got  by  using  the  interpolated  values  obtained  from 
the  curves.  We  mention  this  method  here  because  it  shows  the  mag- 
nitude of  the  retarding  effect,  and  we  shall  make  use  of  it  afterwards 
to  show  that,  in  the  action  of  bromic  on  hydrobromic  acid,  there  is  no 
such  disturbing  influence.  Ostwald  [loc.  cit.)  arrived  at  the  same  con- 
clusion by  adding  a  definite  amount  of  iodine  at  the  commencement. 
It  is  evident,  therefore,  that  the  action  of  hydriodic  acid  on  the  oxygen 
acids  of  the  halogens  is  of  too  intricate  a  nature  to  give  any  satis- 
factory numerical  results.  For  this  reason,  we  have  selected  the  reaction 
between  bromic  and  hydrobromic  acids  for  the  subject  of  a  special 
investigation. 

Our  first  experiments  were  performed  in  presence  of  a  large  known 
excess  of  .sulphuric  acid,  and  the  method  we  first  employed  for  deter- 
mining the  amount  of   bromine  liberated  after  a  given  time  was  in 
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principle  the  same  as  that  used  by  Harcourt  and  Esson  (Trans.,  1867, 
20,   476)  in   their  investigation  of  the   action   of  hydriodic  acid  on 
hydrogen  peroxide.     Measured  volumes  of  one-fifth  normal  solutions  of 
potassium  bromide  and  potassium  bromate  were  added  to  a  definite 
volume  of   water  and,  after   the   addition   of   1   c.c.   of  a  decinormal 
solution  of  sodium  thiosulphate,  the  beaker  containing  the  solution 
was  placed  against  a  white  background  and  stirred  vigorously  while 
25  c.c.  of  a  12-times  normal  solution  of  sulphuric  acid  was  rapidly  run 
in.     The  amount  of  water  taken  was  so  adjusted  that   the  volume  of 
the  whole  was  500  c.c.     In  one  case  where  the  volume  was  250  c.c, 
only  12 "5  c.c.  of  the  sulphuric  acid  solution  were  added,  so  that  the 
concentration  of  the  sulphuric  acid  was  practically  the  same.     The 
oxidation  of  the  thiosulphate  by  bromine  takes  place  according  to  the 
equation    4Br2  +  Na2S.p3  +  4H2O  =  H2SO4  +  Na^SO^  +  8HBr,    and    the 
point  of  complete  oxidation  of  the  thiosulphate  was  made  evident  by 
the  appearance  of  the  yellow  colour  of  bromine  in  the  solution,  the 
time  was  then  noted,  and  1  c.c.  more  thiosulphate  added.     With  the 
concentrations  given  above,  5  c.c.  of  potassium  bromate  solution  is  in 
every  case  equivalent  to  7*5  c.c.  of  the  thiosulphate  solution ;  it  was 
therefore  possible  to  obtain  7  readings  for  5  c.c.  of  potassium  bromate, 
22   with   15  c.c,  &c.      This   method    of   estimating   the   amount   of 
bromine  is  interesting  for  this  reason  that,  whilst  the  concentration  of 
bromic  acid  continually  decreases  from  the  reaction  5HBr  +  HBr03  = 
3H2O  +  SBrg,    that    of    the    hydrobromic    acid    continually   increases, 
because  the  6  atoms  of  bromine  are  at  once  reconverted  into  hydro- 
bromic acid  ;  the  form  of  the  equation  connecting  the  velocity  with 
the  concentration  must  therefore  be  modified  to  express  this.     Taking 
A  and  5.4  as  the  original  concentrations  of  bromic  and  hydrobromic 
acid  respectively,  when  5  c.c.  of  0-2  normal   bromic,  and   25   c.c.  of 
0'2  normal  hydrobromic  acids  are  contained  in  500  c.c,  after  a;  grams  of 
bromic  acid  have  disappeared,  its  concentration  will  be  ^  -  x,  whilst 
that  of  the  hydrobromic  acid  will  be  bA  +  x,  and  the  expression  for 
the  velocity  is  dxldt  =  h{bA  +  x){A- x).     Under  the  conditions  of  the 
experiment,  a  very  small  quantity  of    hydrobromic  acid  is  therefore 
capable   of    transforming  an   unlimited   amount  of  bromic  acid  ;  this 
circumstance  was  made  use  of  to  obtain  a  larger  number  of  readings 
by  varying  the  amount  of  bromic   acid  added.     A  larger  amount  of 
bromic  acid  required,  of  course,  the  addition  of  a  proportionately  larger 
quantity   of    thiosulphate   solution,    and   on   this   account   the   error 
introduced  by  using  20  c.c.  of  bromic  acid  or  30  c.c.  of  thiosulphate 
solution   is  by  no  means  negligible  towards  the  end,  although  it  is 
practically  so  during  the  first  third  of  the  reaction.     The  experiments 
requiring  more  thiosulphate  were,  liowever,  performed  to  examine  the 
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influence  of  the  thiosulphate  itself  on  the  velocity  of  the  reaction. 
In  order  to  reduce  the  labour  of  calculation  and  to  make  all  our 
computed  values  comparable,  we  have  taken  the  original  concentration 
A  —  7*5,  that  is,  the  number  of  c.c.  of  decinormal  thiosulphate  required 
for  5  c.c:  of  0-2  normal  bromic  acid.  The  amount  of  thiosulphate 
required  at  any  time,  t,  therefore  represents  x,  the  quantity  of  bromic 
acid  which  has  been  reduced  up  to  that  time.  When  varying  amounts 
of  hydrobromic  acid  are  added  to  this  same  amount  of  bromic 
acid,  the  general  equation  connecting  concentration  with  velocity  is 
dx/dt  =  k{nA  +  x){A  -  x),  which  gives  on  integration 

1  ,  nA + X 

^=^{n+l)At    °^'  n{A-x) 
as  the  value  of  k,  the  velocity  constant,  or,  substituting  ordinary  for 

1  7Zj4  "4"  '^ 

natural  logarithms,  ^- = —-——— —- —     log    — — — ^. 

^  0-4343(n  +  l)^<        ^   n{A-x) 

The  following  tables,  I.  to  V.,  contain  the  results  of  a  series  of  experi- 
ments made  at  20°  with  an  increasing  amount  of  hydrobromic  acid. 
The  concentration  in  Table  YI.  is  half  that  in  Table  III.,  and  in  Table 
VII.  is  double  of  that  in  Table  I.  Each  value  of  t,  the  time,  is  the  mean 
of  a  nvimber  of  observations,     x  =  c.c.  of  thiosulphate,  t  in  minutes. 


Table  I. 

■y  =  500c.c.,  5  c.c.  KBr  and  5  c.c.  KBrOj. 


Table  II. 

t'=500  c.c,  10c. c.  KBraiul5c.c.  KB1O3. 


X 

t 

k 

X 

t 

k 

1 

1-34 

00133 

1 

0-8 

0-0115 

2 

30 

00121 

2 

1-77 

00109 

3 

4-84 

00117 

3 

2-85 

0-0108 

4 

7-0 

0-0113 

4 

4-22 

00105 

5 

9-65 

0-0111 

5 

5-87 

00105 

6 

13-3 

0-0110 

6 

8-32 

0-0104 

7 

19-6 

00115 

7 

12-38 

00111 

Table 

III. 

Table 

IV. 

■u  =  500c.c. 

,15c.c.KB 

rand 5 c.c.  KBrOg. 

^  =  500  c.c. 

20  c.c.  KE 

)rand5c.c.KBiO 

X 

t 

k 

X 

t 

k 

1 

0-68 

0-0089 

1 

0-6 

0-0078 

2 

1-49 

0-0088 

2 

1-33 

00073 

3 

2-46 

0-0086 

3 

2-15 

0-0075 

4 

3-6 

0-0086 

4 

3-16 

0-0075 

5 

5-09 

0-0085 

5 

4-48 

0-0074 

6 

7-18 

0-0086 

6 

6-39 

0-0074 

7 

IM 

0-0089 

7 

10-23 

0-0076 
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Table 

V. 

Table 

VI. 

?j  =  500c.c. 

,25c.c.  KBr 

and  5c.c.  KBrOa. 

v  =  1000c.c 

.  15  c.c.  KBrand5c.c.K 

X 

« 

h 

X 

t 

k 

1 

0-48 

0-0078 

1 

1-5 

0-0083 

2 

M 

0-0073 

2 

3-15 

0-0084 

3 

1-81 

0-0072 

3 

5  0 

0-0085 

4 

2-67 

0-0072 

4 

7-4 

0-0083 

5 

3-81 

0-0071 

5 

10-5 

0-0082 

6 

5-45 

0-0072 

6 

14-2 

0-0087 

7 

8-68 

0-0074 

Table 

7 
VII. 

23-4 

00085 

V 

=  250  c.c,  5  c,c.  KBr  and  5  c.c. 

KBrOg. 

X 

t 

k 

X 

t 

k 

1 

0-79 

00113 

5 

6-76 

0-0093 

2 

1-82 

0-0100 

6 

7-79 

0-0094 

3 

2-93 

0-0096 

7 

11-33 

0-0099 

4 

4-22 

0-0094 

A  compari.son  of  these  results  shows  that,  from  Tables  I.  and  VII. 
alone,  in  which  the  substances  are  present  in  the  same  relative  pro- 
portions, we  might  be  led  to  conclude  that  the  reaction  is  a  pure  one  of 
the  second  order,  since  the  value  of  k  does  not  vary  very  greatly  from 
a  mean  of  00100.  The  same  is  even  more  strictly  true  of  Tables 
III.  and  VI.,  where  it  only  varies  from  0-0089  to  0-0082.  When, 
however,  the  values  obtained  from  the  other  concentrations  are  also 
taken  into  account,  it  becomes  at  once  evident  that  the  reaction  can  by 
no  means  be  looked  upon  as  a  simple  one  and  free  from  disturbing 
influences,  for  the  value  of  k  falls  coutinuously  with  an  increasing 
amount  of  hydrobromic  acid,  or,  in  other  words,  increases  with  an 
increasing  amount  of  bromic  acid.  This  is  also  apparent  from  the 
two  following  series,  where  a  larger  amount  of  bromic  acid  was  employed 
with  the  same  amount  of  hydrobromic  acid  as  in  Table  I.  The  equation 
connecting  velocity  and  concentration  is  in  this  case  slightly  different, 
that  is,  dxjdt  =  i  ( A  +  x)  (nA  -  x)  where  A  +  .i'  is  the  concentration  of  the 
hydrobromic  acid  after  any  interval.     This  equation,   when  integrated, 

{n  +  \)At  ^^^^   1a-1)  °^'  employing  ordinary  logarithms, 
1  n{A  -{■  x) 


gives     k  = 


k  = 


;0-4343(w+l)x^<^°S  ,j^_, 
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Table 

V^III. 

Table 

IX. 

v  =  500c.c. 

,  5  c.c.  KBr  and  10  c.c.  KBrOa. 

w  =  500  c.c. 

,5 c.c.  KBr 

and  15c.c.  KBrOg 

X 

t 

k 

X 

t 

k 

1 

0-68 

0-0126 

1 

0-43 

0-0131 

2 

1-53 

0-0110 

2 

0-96 

0-0113 

3 

2-33 

0-0107 

3 

1-49 

0-0107 

4 

3-15 

0-0104 

4 

2-00 

0-0104 

5 

4-05 

0-0103 

5 

2-52 

0-0101 

6 

4-92 

0-0099 

6 

3-00 

0-0100 

7 

5-83 

0-0098 

7 

3-52 

0-0098 

8 

6-82 

0-0097 

8 

4-02 

0-0097 

9 

7-9 

0-0096 

9 

4-54 

0-0095 

10 

9-1 

0-0095 

10 

5-07 

0-0094 

In  these,  the  value  of  k  does  not  vary  about  a  mean  but  decreases 
continually,  so  that  the  mathematical  expressions  above  cannot  be 
regarded  as  accurate  representations  of  the  reaction. 

As  no  other  equation  of  a  higher  order  could  be  found  to  give  better 
results,  and  as  the  agreement  already  referred  to  in  series  I.  and  VII., 
and  in  III.  and  YI.,  where  all  the  reacting  substances,  namely,  bromic 
acid,  hydrobromic  acid,  and  sodium  thiosulphate,  are  present  in  the  same 
proportions,  pointed  to  the  reaction  being  one  of  the  second  order,  we 
were  driven  to  the  conclusion  that  the  thiosulphate  must  be  the  dis- 
turbing agent.  In  order  to  test  this  point,  the  following  experiments 
were  made.  Each  solution  contains  the  same  amount  of  potassium 
bromide  and  bromate,  but  the  thiosulphate  was  added  to  them  in 
quantities  of  1  c.c,  5  c.c,  10  c.c,  and  15  c.c.  respectively,  x  =  c.c. 
of  thiosulphate  ;  t  in  minutes. 

Table  X. 
V  =  500  c.c.  ;  5  c.c.  KBr  and  20  c.c.  KBrOg. 


1  c.c.  at  a  time. 

5  c.c. 

10  c.c. 

15  c.c 

X 

t 

t 

t 

t 

5 

2 

1-13 

— 

— 

10 

3-82 

2-57 

1-9 

— 

15 

5-68 

4-05 

— 

3 

20 

7-83 

5-48 

4-97 

— 

From  this  table,  it  would  appear  that  probably  as  much  of  the  thio- 
sulphate is  directly  oxidised]  by  the  bromic  acid  as  by  the  libei-ated 
bromine.  This  reaction  between  bi'omic  acid  and  thiosulphate  was 
further  proved  by  adding  a  drop  of  the  latter  to  a  solution  of  bromic 
acid  which  contained  no  hydrobromic  acid,  when  bromine  was  almost 
instantly  liberated.  The  remarkable  observation  was  made,  on  carry- 
ing the  four  series  included  in  Table  X  to  completion,  that  the  total 
time  required  for  the  reduction  of  the  whole  of  the  bromic  acid  present 
was  the  same  in  each  case.     This  is,  so  far  as  we  are  aware,  the  first 
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instance  which  has  been  observed  of  a  reaction  proceeding  by  two 
distinct  paths  to  the  same  end  point  in  the  same  time,  and  is  doubtless 
a  necessary  consequence  of  the  relative  changes  in  concentration  of 
the  three  reagents  under  these  particular  experimental  conditions. 

After  the  method  described  above  had  been  shown  to  be  useless  for 
the  object  which  we  had  in  view,  there  only  remained  the  more  tedious 
and  somewhat  less  accurate  one  of  titrating  the  liberated  bromine 
with  sodium  thiosulphate.  In  employing  this  method,  it  was  of  course 
necessary  to  make  up  a  fi-esh  solution  for  each  reading,  as  the  employ- 
ment of  pipettes  would  have  caused  a  considerable  loss  of  bromine 
vapour.  We  therefore  selected  a  number  of  250  c.c.  flasks  with  long 
necks  and  well-ground  stoppers,  introdviced  into  them  the  potassium 
bromide,  potassium  bromate,  and  sulphuric  acid  solutions  together  with 
the  water  necessary  to  make  the  volume  up  to  100  c.c,  placed  them  in  a 
thermostat  at  20°,  and  after  a  definite  interval  titrated  the  liberated 
bromine  rapidly  with  N/100  thiosulphate  solution.  The  5  c.c.  of  12- 
times  normal  sulphuric  acid  solution  was,  of  course,  introduced  last  in 
order  to  start  the  reaction,  and  the  time  noted  from  its  addition.  The 
following  tables  contain  the  mean  results  of  a  large  number  of  experi- 
ments performed  in  the  manner  described ;  c.c.  of  thiosulphate  N/ 100 
t  in  minutes. 


Table  XI. 

^  =  100  c.c,  5  c.c.  KBrandlc.c.  KBrOg 


c.c.  of 

iosulphat 

2-3 

3.    t. 

1 

0-00483 

3-6 

2 

0-00421 

4-9 

3 

0-00431 

5-8 

4 

0-00421 

6-6 

7-25 

7-75 

5 
6 

7 

0-00419 
0-00415 
0-00406 

8-35 

8 

0-00419 

8-8 
11-3 

9 
20 

000407 
0-00407 

Table 

XII. 

?;  =  100c.c., 

lOc 

.c.  KBr audi  c.c.  KBiO 

c.c.  of 

thiosulphate. 

t. 

h 

4-2 

1 

0  00474 

6-6 

2 

0-00442 

8-35 

3 

0-00433 

9-8 

4 

0-00443 

10-75 

5 

0-00436 

11-6 

6 

0-00442 

12-3 

7 

000452 

12-8 

8 

000483 

Table  XIII. 
v=100  c.c,  10  cc  KBr  and  2  cc.  KB1O3. 


C.c.  of 

c.c.  of 

thiosulphate. 

t. 

k. 

thiosulphate. 

t. 

k 

8-1 

1 

0-00493 

18-0 

5 

0-00400 

130 

2 

0-00510 

19-4 

6 

0-00407 

14-8 

3 

000433 

20-8 

7 

000431 

16-5 

4 

0-00407 

21-7 

8 

0-00436 
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In  order  to  make  these  tables  comparable  with  the  former  series,  the 
observed  readings  must  be  multiplied  by  5,  since  only  100  c.c,  are 
employed,  and  divided  by  10,  because  N/100  thiosulphate  is  used  for 
titration  instead  of  decinormal.  If  A  is  taken  equal  to  7 "5  as  before, 
the  observed  readings  must,  therefore,  be  divided  by  2,  and  the  equa- 
tions to  be  employed  are 

1  X 


For     XI.         k- 


5t    '  A{A-x) 


For   XII.         k  = I log    ^^—^. 

0-4343  x5x«      ^    2{A-x) 

And  for  Xni.         k=~ ^1—  ,. 

lOr     A{2A-x) 

These  are  all  equations  of  the  second  order,  and  an  examination  of 
the  values  of  k  shows  an  agreement  which  is  remarkable,  considering 
the  comparative  crudeness  of  the  experimental  method.  It  is  also  a 
much  lower  number  than  that  obtained  by  the  previous  experimental 
method,  showing  the  great  influence  of  the  thiosulphate  on  the  velocity 
of  reaction.  In  strong  sulphuric  acid  solution,  the  reaction  between 
bromic  and  hydrobromic  acids  is,  therefore,  without  doubt  a  reaction 
of  the  second  order.  The  question  as  to  how  this  is  possible  is  best 
answered,  as  Noyes  has  pointed  out,  by  assuming  that  the  reaction 
takes  places  in  different  stages,  some  of  which  are  infinitely  quick 
compared  with  the  others.  For  example,  we  may  assume  that  the  first 
stage  consists  in  the  formation  of  bromous  and  hypobromous  acids, 
which  are  then  at  once  decomposed  by  the  hydrobromic  acid,  thus. 
HBr  +  HBrOg  =  HBrO  +  HBrOg, 
HBr  +  HBrO  =  Hp  +  Br2,  and" 
3HBr  +  HBrO,  =  2B..p  +  2Br2. 

If  this  were  so,  we  should  expect  to  find  in  the  light  of  the  ionic 
theory  that  the  reaction,  which  in  the  presence  of  a  large  excess  of 
sulphuric  acid  is  bimolecular,  in  its  absence  is  of  a  higher  order,  pro- 
bably quadrimolecular,  because  not  only  do  the  Br  and  BrO^  ions 
decrease  in  number,  but  the  hydrogen  ions  also  decrease  from  the 
formation  of  the  two  weak  acids  HBrO^  and  HBrO.  This  expectation 
was  completely  fulfilled  by  an  examination  of  the  reaction  velocity 
between  hydrobromic  and  bromic  acids  in  the  absence  of  sulphuric  or 
any  other  strong  acid. 

A  pure,  normal  hydrobromic  acid  solution  was  prepared  by  distilling 
ordinary  hydrobromic  acid,  and  diluting  it  to  the  requisite  volume, 
and  a  solution  of  pure  bromic  acid  was  made  by  digesting  pure  barium 
bromate  with  dilute  sulphuric  acid  at  a  low  temperature  until  neither 
sulphuric  acid  nor  barium  chloride  gave  any  precipitate.  The  strength 
of  the  solution  was  determined  by  adding  excess  of  standard  soda 
solution  and  titrating  the  excess  with  standard  hydrochloric  acid,  using 
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litmus  as  indicator  ;  it  was  then  made  up  exactly  to  N/5.  In  perform- 
ing the  experiments  on  the  velocity  of  the  reaction,  water  and  the 
mixture  of  the  acids  were  used  in  volume  sufEcient  to  give  100  c.c.  or 
150  c.c,  and  the  free  bromine  was  estimated  by  an  approximately 
N/100  thiosulphate  solution.  The  time  was  noted  from  the  addition 
of  the  hydrobromic  acid,  which  was  introduced  from  a  fast-running 
pipette ;  the  experiments  were  carried  out  at  a  temperature  of  25°. 
It  was  found  by  special  experiments,  in  which  an  excess  of  sulphuric 
acid  was  added,  that  the  total  amount  of  bromine  was  equivalent  to 
77  c.c.  of  thiosulphate  solution.  This  value  represents  A  in  the  equa- 
tions given  below,  and  x  is  the  observed  amount  of  thiosulphate 
required  in  any  particular  observation. 

Table  XIV. 

■y  =  100  c.c,  5  c.c.  HBr  and  5  c.c.  HBrO,. 


c.c.  of 
thiosulphate.  <. 
6-8           2 

k. 
0-000000117 

c.c.  of 
thiosulphate.  t. 
25-1         15 

L 
0-000000110 

11-6           4 

0-000000115 

28-7 

20 

0-000000111 

15-1           6 

0-000000111 

34-0 

30 

0-000000115 

18-1           8 

0-000000112 

37-7 

40 

0-000000119 

20-25       10 

0-000000109 

41-8 

60 

0-000000115 

23-75       13 

0-000000114 

Table 

XV 

'y=150  cc,  5  c.c.  H 

?r  and  5  c.c. 

HBrOs. 

c.c.  of 

thiosulphate. 

5-05 

X. 

3-37 

t. 

4 

L 
0-000000139 

8-20 

5-47 

8 

0-000000124 

10-8 

7-2 

12 

0-000000118 

15-5 

10-33 

20 

0-000000119 

19-9 

13-27 

30 

0-000000119 

27-65 

18-44 

60 

0-000000115 

360 

24-0 

120 

0-000000116 

In  Table  XV.,  the  concentration  is  only  two-thirds  of  that  in  XIV., 
so  that  A  must  be  taken  as  51-33,  and  x  as  two-thirds  of  the  ob- 
served reading.  It  was,  of  course,  necessary  to  determine  whether  the 
reaction  proceeds  to  an  end  in  the  absence  of  sulphuric  acid,  or  if  there 
is  an  equilibrium  point  due  to  the  action  of  [the  liberated  bromine  on 
the  water,  such  as  is  generally  supposed  to  take  place.  For  this  pur- 
pose, we  introduced  the  reagents  in  the  proportions  and  quantities 
given  above  into  flasks  which  were  at  once  sealed,  and  allowed  to  stand 
for  several  days  at  25""  before  titration.  The  results  show  that  most 
of  the  bromic  acid  is  reduced,  but  they  do  not  exclude  the  formation  of 
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hypobromous  acid,  which  may  possibly  be  readily  titrated   by  thio- 
sulphate. 


■yslOO  c.c,  5  c.c.  HBiandSc.c.HBiOa. 


c.c.  of  thiosiilphate. 

t  in  (lays 

70 

7 

71 

11 

72-5 

20 

i)  =  150  cc,  5  c.c.  HBr  audSc.c.  HB1O3. 

c.  c.  of  thiosiilphate.  t  in  days. 

67  9 

69-8  -  18 


An  investigation  of  the  curves  of  these  two  velocities,  however, 
makes  it  clear  that  the  backward  reaction  of  bromine  on  water  must 
be  so  slight  as  to  be  negligible.  When  one-third  of  the  stronger  solu- 
tion is  decomposed,  it  evidently  has  the  same  'concentration  as  the 
more  dilute  does  at  the  commencement,  except  that  there  is  bromine 
present.  If  from  this  point  onwards,  therefore,  there  is  the  same 
amount  of  bromine  liberated  in  the  same  time,  the  bromine  can  have 
no  disturbing  influence  whatever.  This  point,  namely,  25*7,  is  found 
from  the  curve  to  be  reached  in  1 6  minutes,  and  the  values  to  be  tested 
are  therefore 


c.c.  thiosuli)hate. 

t  in 

minutes. 

30 

4 

8-3 

14 

12-0 

24 

16-1 

44 

These  points  are  indicated  by  a  circle  upon  the  curve,  and  the  curve 
passing  through  them  is  found  to  coincide  exactly  with  that  represent- 
ing the  values  in  Table  XV. 


30  40 

Time    in  mintttes 


After  having  shown  that  there  is  no  equilibrium  point,  the  determi- 
nation of   the  order  of  the  reaction  is  quite  simple.     The  method  is 
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described  fully  in  Studien  zur  Chemischen  Dynamik,  by  Cohen,  page 
106.  Two  solutions  are  taken  containing  the  reagents  in  equivalent 
quantities  as  above,  but  of  different  concentration,  c^  and  c^,  and  the 
times,  «,  and  t^,  necessary  for  the  transformation  of  the  same  fraction 
of  both  are  determined,  by  substituting  these  values  in  the  equation 

n  =  \+  log  J  /log  -2 

the  value  of  n  in  the  equation  dcldt  =  kc"  is  obtained. 

By  interpolation,  it  is  found  from  the  curves  that  the  time  necessary 
for  the  decomposition  of  one-third  of  the  solution  whose  concentration 
is  77  is  15  minutes,  whilst  the  solution  of  concentration  51"33  requires 
50  minutes.  Substituting  these  experimental  values,  we  find  n  =  l  + 
log  3-333/log  1-5  =  1  +  2-97  =  3-97. 

This  is  as  close  an  approximation  to  4  as  could  be  desired,  and  the 
reaction  must,  therefore,  be  one  of  the  fourth  order.  In  order  to 
calculate  the  value  of  the  velocity  constant,  since  the  substances  are 
present  in  equivalent,  not  molecular,  quantities,  and  since  an  equivalent 
of  each  disappears  simultaneously,  we  may  call  A  the  initial  concentra- 
tion of  both  bi'omic  and  hydrobromic  acid,  and  the  equation  connecting 
velocity  with  concentration  is  dxjdt  =  ^-(^1  -  xY,  which  gives,  on 
integration, 

j_ 
3t\_{A-x)^ 

The  values  obtained  for  k  by  means  of  this  equation  in  tables 
XIV.  and  XV.  are  quite  satisfactory  ;  there  can,  therefore,  be  no  doubt 
that  when  the  pure  acids  are  allowed  to  act  on  each  other,  the  reaction 
is  one  of  the  fourth  order. 

Conclusion. 

As  has  been  already  mentioned,  Noyes  {lac.  cit.)  has  pointed  out  the 
mechanism  when  hydriodic  acid  is  the  reducing  agent,  and  a  similar 
one  must  hold  in  the  case  of  hydrobromic  acid.  Since  that  stage  of 
the  reaction,  which  requires  a  measurable  time  for  its  completion,  is 
one  of  the  fourth  order,  four  individuals  must  take  part  in  it,  or, 
according  to  van't  Hoff's  thermodynamic  deductions,  four  'osmotic 
units '  must  be  simultaneously  transformed.     This  is  clearly  expressed 

4-  -  - 

by  the  ionic  equation  2H  +  Br +  Br03  =  HBrO +  HBrO^,  where  the  four 
individuals,  two  hydrogen,  one  bromine,  and  one  bromate  ion,  are  con- 
vortctl  into  the  substances  hypobromous  and  bromous  acids  which, 
like  the  weak  acids,  liypochlorous,  boric,  and  carbonic,  are  very 
lightly  ioni.sed.  This  conclusion  is  supported  by  the  result  obtained 
in  presence  of  a  large  excess  of  sulphuric  acid.  There  the  number  of 
hydrogen  ions  is  bo  large  that  they  relatively  undergo  no  change  of 


,_  ir     1  1-| 

"        -xf    A^\ 
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concentration.      This  is  expressed  by   the  equation  ooH  +  Br+BrOa 

=  ocH  +  HBrO  +  HBrOo  or  Br  +  BrOa  =  HBrO  +  HBrOg,  ^^^  '^^  ''ac- 
cordance with  this  we  find  that  in  presence  of  a  large  excess  of 
sulphuric  acid  the  I'eaction  is  bimolecular.  The  velocity  when  pure 
bromic  and  hydrobromic  acids  are  used  is  therefore  directly  pro- 
portional to  the  concentrations  of  the  bromate  and  bromine  ions,  and 
proportional  to  the  square  of  the  concentration  of  the  hydrogen  ions. 
This  result  has  already  been  deduced  by  Noyes  for  the  reduction  of 
bromic  acid  by  hydriodic  acid,  and  therefore  the  gradual  formation  of 
hydrobromic  acid  in  the  latter  reaction  can  exercise  but  little  disturb- 
ing influence.  We  should  expect,  therefore,  the  reduction  by  hydro- 
bromic acid  to  be  much  slower  than  by  hydriodic  acid.  The  following 
calculation  shows  that  this  is  so.  Ostwald  found  that  in  a  solution 
which  contained  0'2389  gram  HBrOg  per  litre,  0*0846  gram  was  re- 
duced in  81  minutes  at  25°.  Substituting  these  values  for  A,  x,  and  t  in 

the  equation  k  =  —    s  —  — ,  ,  the  value  of  k  is  found  to  be  0-818. 

^  dt  \_{A  -  xf     A^J 

In  the  experiment  with  hydrobromic  acid  given  in  Table  XIV.,  the 
original  concentration  of  bromic  acid  is  1'29  grams  per  litre,  and  after 
15  minutes  0"4205  gram  has  been  reduced.  This  gives  0-023  as  the 
value  of  k.  This  number  is  not,  however,  directly  comparable  with 
Ostwald's,  because  the  solution  only  contains  5  molecules  of  HBr  to 
1  of  HBrOg,  whilst  his  contains  6  molecules  of  HI  to  1  of  HBrOg. 
It  must  therefore  be  multiplied  by  5/6,  the  ratio  of  the  halogen  ions, 
and  also  by  36/49,  the  square  of  the  ratio  of  the  hydrogen  ions.  The 
result  is  that  k  =0014.  Hence  the  reduction  by  hydriodic  acid  takes 
place  818/14  =  58"4  times  as  fast  as  the  reduction  by  hydrobromic 
acid,  when  they  are  present  in  equivalent  quantities.  The  slow  forma- 
tion of  the  latter,  therefore,  in  no  way  vitiates  the  conclusions  drawn 
by  Noyes  from  a  study  of  the  reaction  between  bromic  and  hydriodic 
acids. 

This  deduction  receives  confirmation  from  the  values  obtained  by 
Ostwald  (loc.  cit.)  in  his  investigation  on  the  accelerating  influence  of 
different  acids  on  the  velocity  of  the  reduction  of  bromic  by  hydriodic 
acid.  He  found  that  when  no  other  acid  was  added,  164  minutes  were 
required  for  the  reduction  of  a  definite  amount  of  the  bromic  acid. 
36 '6  minutes  only  were  required  when  a  quantity  of  hydrochloric 
acid  equivalent  to  the  hydriodic  acid  was  added,  and  33*8  minutes 
when  a  similar  quantity  of  hydrobromic  acid  was  added.  We  have 
satisfied  ourselves  that  hydrochloric  acid,  if  it  reduces  bromic  acid  at 
all  under  the  conditions  he  employed,  does  so  extremely  slowly  ;  the 
whole  acceleration  which  it  produces  is  therefore  due  to  the  increase 
in  number  of  the  hydrogen  ions.     There  is  the  same  increase  when 
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hydrobromic  acid  is  added,  due  to  the  same  cause,  for  the  two  are 
almost  equally  dissociated,  but  a  further  acceleration  of  2*8  minutes 
due  to  the  action  of  the  bromine.  Could  the  same  amount  of  bromine 
ions,  therefore,  be  added  without  hydrogen  ions,  the  time  required  would 
be  161  "2  minutes,  therefore  the  velocity  of  the  reduction  by  hydriodic 
acid  is  164 -f  (164  -  161"2)  =  58'6  times  greater  than  by  hydrobromic 
acid,  a  value  in  almost  perfect  agreement  with  that  obtained  by  the 
former  method. 

In  conclusion,  we  wish  to  express  our  thanks  to  Professor  Ramsay, 
who  proposed  the  research,  and  has  given  us  much  valuable  advice 
during  its  progress. 

UNiVERsn'Y  College,  London. 


XLIII. — Tlic  Drying  of  Ammonia  and  Hydrogen 
Chloride.   • 

By  H.  Bbereton  Baker,  M.A. 

In  1894,  a  paper  was  published  in  the  Journal  of  the  Society  in  which, 
among  several  other  instances  of  the  effect  of  moisture  on  chemical 
change,  I  described  some  experiments  which  showed  that  ammonia 
and  hydrogen  chloride,  when  dried  by  phosphorus  pentoxide,  do  not 
combine,  and  that  ammonium  chloride,  when  carefully  dried,  does  not 
dissociate  at  the  boiling  point  of  mei'cury.  In  a  recent  paper  by 
Herr  Gutmann  {Annalen,  1898,  299,  3),  these  conclusions  have  been 
called  in  question.  The  experiments  made  by  Herr  Gutmann  seemed 
to  have  been  done  with  so  much  care  that,  although  I  had  no  shadow 
of  doubt  about  a  result  which  I  have  obtained  so  often,  I  thought  it 
worth  while  to  repeat  some  of  these  experiments,  with  the  view  of 
finding  out,  if  possible,  how  it  came  about  that  our  results  were  so 
different. 

The  main  contention  on  his  part  is  that  the  drying  of  ammonia  and 
hydrogen  chloride  cannot  be  effected  by  phosphorus  pentoxide,  since 
both  gases  are  absorbed  by  that  substance  in  a  shorter  time 
than  is  necessary  to  dry  them.  I  mentioned  in  my  previous 
paper  that  I  had  noticed  an  absorption  of  ammonia  gas  by  phosphorus 
pentoxide  when  the  preliminary  drying  had  been  badly  done,  but  that 
this  action  was  not  necessarily  fatal  to  the  success  of  the  experiment, 
since  the  substance  formed  (diamidopyrophosphoric  acid,  Gladstone, 
./.  Chem.  Soc,  1808,  21,  64),  would  serve  itself  as  a  drying  agent,  so 
that  if  excess  of  ammonia  were  added  until  the  action  was  at  an  end 
the  ammonia  could  be  obtained  sufficiently  free  from  moisture  not  to 
combine  with  dried  hydrogen  chloride.     I  never  felt,  however,  com- 
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plete  confidence  in  the  success  of  an  experiment  in  the  course  of  which 
this  action  took  place,  and  in  by  far  the  majority  of  the  experiments 
the  phosphorus  pentoxide  was  apparently  unaltered  in  both  the  gases. 
Herr  Gutmann,  however,  describes  a  rapid  absorption  of  gas  in  all  his 
experiments,  although  his  preliminary  drying  of  the  gases  seemed  to 
have  been  most  carefully  done.  In  the  three  experiments  which  he 
quotes,  the  absorption  of  ammonia  gas  by  phosphorus  pentoxide  was 
measured  by  the  rise  of  mei-cury  in  a  tube  in  which  the  gas  was  in 
contact  witli  the  drying  agent.      His  results  are  as  follows. 


Time  of  contact. 

Rise  of  mercury 

I.        16  hours 

613  mm. 

11.     12  hours 

421  mm. 

36  hours 

673  mm. 

!II.     12  hours 

420  mm. 

36  hours 

671  mm. 

The   difference  between  these   results  is  accounted  for  by  the   pre- 
liminary drying  being  different. 

I  therefore  proceeded  to  investigate  the  absorption  of  ammonia,  and 
as  the  method  of  preliminary  drying  of  the  gas  seems  to  me  rather 
better  than  Herr  Gutmann's,  I  give  a  complete  description  of  it. 


CaO 


Freezing .. 
Mixture 


The  ammonia  was  obtained  from  ammonium  chloride,  which  had  been 
prepared  by  Stas's  method  for  my  former  experiments,  mixed  with 
lime  obtained  by  igniting  precipitated  calcium  carbonate  with  a  small 
quantity  of  sugar.  The  gas  was  passed  through  a  worm  tube  cooled 
by  a  freezing  mixture  of  ice  and  salt  into  a  flask  containing  lime 
cooled  in  a  similar  way.  It  was  then  passed  through  three  long 
drying  tubes  containing  pieces  of  lime  which  had  been  ignited  in  a 
crucible  under  a  layer  of  powdered  lime  to  prevent  the  absorption  of 
sulphur  from  the  furnace  gases.  The  gas,  collected  in  a  gas-holder 
containing  lime  standing  over  re-distilled  and  freshly  boiled  mercury, 
was  left  for  several  days  in  order  to  allow  of  the  maximum  absorption 
of  water  vapour  by  the  lime.  The  mere  passage  of  a  gas  through 
tubes  containing  a  drying  agent,  especially  when  this  is  a  solid,  cannot 
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be  any  guarantee  of  the  removal  of  moisture.  When  one  considers 
that  in  such  experiments  as  have  been  made  on  the  influence  of 
moisture  on  chemical  action,  a  mere  trace  of  water  is  in  most  cases 
sufficient  to  bring  about  the  action,  the  long  continued  contact  of  the 
drying  agent  with  the  gas  cannot  be  too  strongly  recommended. 

In  my  first  experiment  on  the  x'ate  of  absorption  of  dried  ammonia 
gas  by  phosphorus  pentoxide,  a  long  tube  provided  with  a  bulb  of 
about  200  c.c.  capacity  was  dried  by  heating  it  nearly  to  the  melting 
point  of  the  glass  for  3  hours  while  a  current  of  air  dried  by 
passing  through  three  long  tubes  of  strong  sulphuric  acid  was  drawn 
through  it.  The  phosphoi'us  pentoxide,  sealed  up  in  a  thin  glass  tube, 
was  introduced  into  the  bulb,  and  the  apparatus  was  then  filled  with 
ammonia  gas  by  exhausting  it  and  connecting  it  with  the  mercury 
gas-holder  in  which  the  gas  had  been  standing  over  lime.  On  allowing 
the  bulb  to  stand  over  dried  mercury  and  breaking  the  inner  tube  of 
phosphorus  pentoxide,  the  absorption  at  once  began,  quickly  at  first 
and  afterwards  more  slowly,  but  in  five  hours  it  was  almost  complete. 
On  reviewing  the  whole  experiment,  I  could  not  at  first  see  how  a 
result  so  different  from  most  of  the  others  I  had  obtained  had  come 
about ;  the  gas  had  been  actually  prepared  from  portions  of  the  same 
materials,  and  the  drying  both  of  the  gas  and  the  tube  had  been 
conducted  with  as  much  care.  The  only  difference  must  have  been  in 
the  phosphorus  pentoxide.  In  the  former  experiments,  I  had  always 
tested  the  drying  agent  for  the  three  impurities  most  to  be  feared  in 
such  experiments,  namely,  the  trioxide  and  tetroxide  of  phosphorus, 
and  metaphosphoric  acid,  and  when  any  appreciable  proportion  of 
impurity  was  present,  the  pentoxide  was  purified  by  distillation  in  a 
current  of  dried  air.  In  this  new  experiment,  this  precaution  had 
been  neglected,  and  it  was  found  on  testing  the  pentoxide  used  that  it 
was  free  from  the  lower  oxides,  but  on  heating  at  about  400°  in  a 
current  of  dried  air,  it  left  a  very  large  residue  consisting  of  meta- 
phosphoric acid.  In  six  later  experiments,  in  which  the  distilled 
pentoxide  was  used,  I  found  that  it  is  practically  without  action  both 
on  ammonia  and  on  hydrogen  chloride.  Ammonia  has  been  left  over 
mercury  in  contact  with  phosphorus  pentoxide  for  ten  days  without  a 
diminution  of  pressux-e  of  more  than  10  millimetres,  and  hydrogen 
chloride  previously  dried  by  standing  over  re-distilled  sulphuric  acid 
in  a  gas-holder,  after  being  for  three  weeks  in  contact  with  phosphorus 
I>entoxide,  showed  a  diminution  of  pressure  of  only  30  mm.  The 
small  absorptions  noticed  are  no  doubt  due  to  the  presence  of  a  small 
(juantity  of  metaphosphoric  acid  which,  even  at  the  temperature  of 
400',  di.stils  over  with  the  pentoxide.  These  experiments  render  it 
almost  certain  that  the  purified  gases  are  not  absorbed  by  purified 
phosphorus  pentoxide. 
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Four  experiments  have  been  made  with  the  purified  gases  since  the 
publication  of  Herr  Gutmann's  paper,  and  they  confirm  the  results 
which  I  have  already  published  that  the  purified  and  dried  gases  do  not 
pi'oduce  white  fumes  or  a  decrease  in  volume  when  mixed,  but  that 
both  these  resvilts  follow  the  introduction  of  a  little  moisture.  One 
cannot,  of  course,  be  sure  what  kind  of  phosphorus  pentoxide  Herr 
Gutmann  used,  but  from  the  similarity  of  his  results  to  that  of  the 
first  experiment  on  ammonia  described  in  this  paper,  it  is  likely  that 
he  was  working  with  a  material  which  contained  metaphosphoric  acid. 
Indeed,  from  the  construction  of  his  apparatus,  it  would  appear  that 
the  different  parts  must  have  been  sealed  together  after  the  intro- 
duction of  the  phosphorus  pentoxide,  and  if  this  is  so,  moisture  must 
of  necessity  have  been  introduced  both  from  the  blow-pipe  flame,  and 
from  the  air  subsequently  drawn  through  the  apparatus  to  dry  it.  It 
may  be  pointed  out,  not  only  with  reference  to  Herr  Gutmann's 
experiments,  but  to  those  also  of  others  who  work  in  this  field  of 
research,  that  the  mei-e  passage  of  air,  dried  by  sulphuric  acid  through 
a  tube,  is  insufficient  to  dry  it.  It  is,  I  think,  always  necessary  to 
heat  the  tube  to  as  high  a  point  as  possible  during  the  passage  of  the 
dried  air,  in  order  to  get  rid  of  the  moisture  which  adheres  so 
tenaciously  to  glass.  It  may  be  mentioned  here  that  Herr  Gutmann 
has  obtained  an  interesting  result,  which  I  had  never  observed,  when 
the  partially  dried  gases  were  mixed,  namely,  that  a  retardation  took 
place  in  the  velocity  of  the  action,  in  one  case  as  much  as  half  an 
hour  elapsed  before  the  formation  of  ammonium  chloride  was  complete. 

With  regard  to  the  vapour  density  of  dried  ammonium  chloride,  I 
gave  in  1894  a  series  of  six  determinations  by  Victor  Meyer's  method. 
They  were 


I. 

II. 

III. 

IV. 

V. 

VI. 

Mean.  ^''\'=»^'i^«^  f^i" 
uo  dissociation. 

28-8 

29-5 

26-3 

28-6 

26-8 

26-8 

27-8       26-75 

The  air  expelled  in  these  determinations   was   collected  over  freshly 
boiled  mercury. 

In  view  of  the  importance  which  has  since  been  attached  to  the 
result  that  dried  ammonium  chloride  does  not  dissociate,  I  may 
mention  that,  to  avoid  the  possibility  of  any  personal  error  being 
introdvxced,  I  asked  Mr.  F.  R.  L.  Wilson,  who  was  working  in  the 
Dulwich  Laboratory,  to  make  one  complete  determination.  This  he 
did,  and  obtained  the  result  26-8,  which  is  a  near  approximation  to 
the  theoretical  number.  I  mentioned  in  my  paper  that  I  had  been 
unable  to  get  the  normal  result  by  the  use  of  Dumas'  method  for 
vapour  densities.  Since  the  paper  was  published,  however,  I  have 
succeeded  in  doing  this.  By  connecting  the  vapour  density  flask  with 
a    long    phosphorus   pentoxide    tube   which    communicated    with   the 
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outer  air  by  a  long  capillary  tube,  I  obtained  the  result  28"8,  which, 
niuler  the  circuiii.statices,  J  regarded  as  satisfactory  confirmation  of 
(he  results  obtained  by  the  quicker  meLhod. 

The  vapour  densities  observed  by  llerr  Gutmann  after  drying  over 
phosphorus  pentoxide  for  periods  varying  from  2  to  12  weeks  ai^e 

I. 

Weeks    2 

Vap.  Den 13-6 

Here,  again,  our  results  differ  very  greatly,  but  I  think  the  difference 
is  easily  explained.  In  the  first  two  experiments,  the  air  driven  out 
of  the  apparatus  was  collected  over  water,  and  although  there  was  a 
tube  of  phosphorus  pentoxide  interposed  between  the  apparatus  and 
the  water,  it  appears  to  me  impossible  that  a  few  molecules  of  water 
should  not  have  passed  back  into  the  bulb.  In  the  last  two  experi- 
ments, the  air  was  collected  over  strong  sulphuric  acid.  The  same 
objection  holds  here,  but  of  coui'se  not  to  the  same  extent,  and  it  will 
be  noticed  that  the  results  are  slightly  higher.  One  is  inclined  in 
doing  such  experiments  as  these  to  trust  too  much  to  the  drying 
power  of  phosphorus  pentoxide,  and  it  is  only  after  many  failures  that 
one  realises  how  far  one  can  go  without  putting  the  results  in 
jeopardy. 

I  have  great  pleasure  in  acknowledging  with  gratitude  the  kindness 
of  Mr.  W.  A.  Shenstone  in  supplying  me  with  a  quantity  of  vei-y  highly 
purified  phosphorus  pentoxide  when  my  own  stock  of  it  was  very  low. 
Only  those  who  know  the  trouble  of  preparing  substances  so  pure  as 
this  can  appreciate  such  a  piece  of  generosity. 

DUMVK.II    COLLEOE. 


XLIV. — Some  Derivatives  of  Benzophenone. 
r>y  Francis  Edward  Matthews,  Ph.D. 

In  continuation  of  work  on  the  hcxachlorides  of  benzene  and  its  deri- 
vatives, it  was  found  that,  amongst  other  substances,  benzophenone 
was  capable  of  very  readily  yielding  a  chlorine  additive  compound. 
Unfortunately,  however,  this  compound,  a  hexachloridc,  proved  homo- 
geneous, and  therefore  its  investigation  could  not  throw  much  fresh  light 
on  tho  cause  of  the  isomerism  existing  among  compounds  of  this  class, 
aUhougli  several  sul)stanccK  of  interest  have  been  isolated  in  the  course 
of  the  work. 


I 
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Preparation  of  Jienzophenone  Hexachloride. 

A  strong  solution  of  benzophenone  in  chloroform,  in  which  it  is 
exceedingly  soluble,  is  covered  with  a  layer  of  either  water  or 
dilute  sodic  hydroxide  solution,  and  the  mixture  is  saturated  with 
chlorine.  After  saturation,  the  product  is  exposed  either  to  bright 
light  or  to  direct  sunshine,  when  the  colour  of  the  chlorine  rapidly 
disappears,  and  the  mixture  boils,  evolving  at  the  same  time  some 
hydrogen  chloride  produced  by  the  action  of  the  chlorine  on  the 
chloroform.  After  two  or  three  saturations  with  chlorine,  a  consider- 
able amount  of  a  white,  crystalline  solid  separates ;  this  can  be  purified 
by  pouring  off  the  greater  portion  of  the  chloroform  solution,  filtering 
through  coarse  muslin,  washing  successively  with  fresh  chloroform  and 
absolute  alcohol,  and  recrystallisation  from  benzene,  acetic  acid,  or, 
better  still,  from  xylene. 

The  purified  recrystallised  substance  was  analysed. 

0-2258  gave  AgCl  =  0-4902.     01  =  53-7. 

CgHsOlg-CO-CyHg  requires  CI -53-9  per  cent. 

On  treatment  with  alcoholic  soda,  it  parts  with  3  mols.  of  HCl. 
From  0-2369  of  substance  the  chlorine  removed  was  0-0625  =  26-4  per 
cent.  Theory  for  removal  of  Clg  from  CeHjCle'CO-OeHg  =  26-9  per 
cent.  The  substance  is  therefore  a  hexachloride  of  benzophenone,  and 
from  other  considerations  it  will  be  shown  that  the  six  atoms  of 
chlorine  are  united  with  the  same  phenyl  group.  On  fractionally 
crystallising  a  considerable  quantity  of  the  substance  from  acetic  acid 
and  xylene,  no  trace  of  a  second  modification  could  be  found.  An 
attempt  was  made  to  form  a  chlorine  additive  compound  with  the 
second  O^Hg  group  and  thus  obtain  a  dodecachloride,  but  without 
result.  Benzophenone  hexachloride  is  a  colourless  substance  ci-ystalis- 
ing  from  acetic  acid  or  xylene  in  beautiful  transparent  prisms  or  plates. 
When  slowly  heated,  it  sublimes  unchanged,  but  when  more  rapidly 
heated  it  melts  sharply  at  215°.  It  is  slightly  soluble  in  all  the 
ordinary  oi'ganic  solvents,  esj^ecially  on  heating,  but  only  very  slightly 
so  in  cold  chloroform,  alcohol,  benzene,  or  carbon  bisulphide.  On 
boiling  with  zinc  dust  in  alcoholic  solution,  benzophenone  is  re- 
generated. The  substance  is  not  oxidised  by  chromic  acid  in  boiling 
acetic  acid  solution  even  on  long  continued  boiling,  and  potassic  per- 
manganate in  acid  solution  is  without  action  on  it.  As  the  compound 
is  partly  hydrolysed  by  sodic  hydroxide  [vide  infra)^  an  alcoholic  solu- 
tion was  saturated  with  hydrogen  chloride  in  the  cold,  but  after  three 
days  no  action  had  taken  place.  The  substance  is  also  unacted  on  by 
benzylic  alcohol  after  digestion  with    the  latter    for  2  hours   at  its 
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boiliug  poi)it.  On  heating  with  phosphorus  pentachloride,  no  evidence 
of  an  action  was  obtained,  and  from  the  products  nothing  but  the 
unaltered  substance  could  be  isolated. 

On  heating  above  its  melting  point,  the  hexachloride  undergoes  de- 
composition at  about  340°,  evolving  torrents  of  hydrogen  chloride 
accompanied  by  a  considerable  amount  of  benzoic  chloride,  identified 
by  its  boiling  point  and  conversion  into  ethylic  benzoate  ;  on  con- 
tinuing the  heating  until  the  evolution  of  hydrogen  chloride  ceased,  a 
heavy,  yellow  oil  was  obtained,  which  distilled  without  any  furtlier 
decomposition  between  '315°  and  a  dull  red  heat.  This  oil  was  frac- 
tionated many  times,  but  even  after  being  left  in  a  desiccator  for 
three  months,  little  or  no  solid  separated  from  any  of  the  fractions. 
The  various  fractions  were  then  dissolved  iu  cold  acetone,  and  during 
the  spontaneous  evaporation  of  the  latter,  beautiful  hexagonal  prisms 
or  plates  were  deposited  from  the  fractions  330 — 360°,  although  the 
greater  portion  of  the  substance  still  remained  liquid.  After  recrystal- 
lisation  from  acetone,  the  solid  substance  gave  the  following  figures  on 
analysis. 

0-1170  gave  AgCl  =  0-1761.     Cl  =  37-2. 

CgHaClg-CO-CgHg  requires  CI  =  37-3  per  cent. 

The  oil  varied  in  composition,  and  no  concordant  chlorine  determina- 
tions were  obtained. 

Thus  benzophenone  hexachloride  when  heated  gives  hydrogen 
chloride,  benzoic  chloride,  trichlorobenzophenone,  and  an  oil  of  un- 
determined composition. 

Actio7i  of  Alcoholic  Soda  on  Benzophenone  Hexachloride. 

As  already  shown,  alcoholic  soda  removes  3  atoms  of  chlorine 
(3  mols.  of  HCl)  from  the  hexachloride.  It  was  at  first  thought  that 
the  decomposition  was  represented  by  the  equation 

CJI.Clo-  CO-CoH^  +  3NaOH  =  CeH^Clg-  CO-CcHg  +  3Na01  +  SR^O, 

but  on  decomposing  a  larger  quantity  (28  grams)  with  excess  of  soda 
and  precipitating  with  water,  an  oil  was  obtained  which  only  partly 
solidified  on  standing.  After  i-emaining  in  a  desiccator  over  soda-lime 
for  a  fortnight,  the  solid  was  removed  from  the  oil  by  filtration,  and 
the  latter  was  fractionally  distilled.  It  boiled  constantly  at  208—210° 
(uncorr.),  and  on  analysis  gave  58-8  per  cent,  of  01  (C^HgCl^^ 587). 
Its  nitro-derivative  melted  at  57—58°,  showing  that  it  was  1:2:  4-tri- 
chlorobeuzene.  It  therefore  seemed  probable  that  the  benzophenone 
liexjichlorido  was  partly  hydroly.sed  according  to  the  equation 
C„H,CI,-CO-CV,ir^-fNaOH  =  C^HcClc  +  CeH5-COONa,  and  that  the 
benzene  hexachloride    formed    was    subsequently  decomposed    by    the 
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soda,  yielding  CjjH.jCl.j.  This  was  found  to  be  the  case,  as  on  concen- 
ti'ating  the  alkaline  solution,  and  acidifying,  a  copious  precipitate  of 
benzoic  acid  was  obtained,  which,  aftei'  two  recrystallisations  from  hot 
water,  melted  at  121—122°. 

The  solid  product  of  the  reaction,  purified  by  recrystallisation  from 
acetone  by  spontaneous  evaporation,  formed  large,  colourless,  hexa- 
gonal prisms. 

0-2344  gave  AgCl  0-3616.     Cl  =  38-1. 

CgHgOlg-CO-CgHg  requires  01  =  37-3  per  cent. 

The  substance  is,  therefore,  trichlorobenzophenone,  and  it  agrees  in 
all  respects  with  the  same  substance  prepared  by  the  action  of  heat  on 
the  hexachloride.  It  is  soluble  in  all  the  ordinary  organic  solvents, 
and  crystallises  well  from  most  of  them,  especially  acetone,  in  hexagonal 
prisms.     It  melts  quite  sharply  at  131°. 

An  attempt  was  made  to  prepare  a  hexachloride  from  this  substance, 
but  without  success. 

The  action  of  alcoholic  soda  on  benzophenone  hexachloride,  there- 
fore, results  in  the  formation  of  trichlorobenzophenone,  1:2:  4-tri- 
chlorobenzene,  and  benzoic  acid. 

Nitration  of  BinzophGnone  Hexachloride. 

Benzophenone  hexachloride  dissolves  readily  in  fuming  nitric  acid 
when  heated,  and  on  adding  water  a  yellowish  solid  is  precipitated. 
This  was  removed  by  filtration,  washed  until  free  from  acid,  and  the 
funnel  and  its  contents  placed  to  dry  in  the  water  oven.  The  whole  of 
the  substance  melted,  and  the  small  amount  which  was  retained  by  the 
filter-paper  solidified  on  cooling  to  an  almost  colourless,  vitreous  mass. 
Another  portion  was  prepared,  and  after  precipitation  with  water  and 
thorough  washing,  was  dissolved  while  still  moist  in  acetone,  in  which 
it  is  very  soluble  ;  the  yellow  solution,  on  spontaneous  evaporation, 
deposited  crystals  which  became  almost  colourless  on  standing.  These 
were  recrystallised  from  alcohol,  the  yellow  solution  depositing  yellow 
crystals;  these  melted  at  about  120°,  with  decomposition  and  evolu- 
tion of  a  liquid  (probably  water  of  crystallisation).  The  yellow  crystals 
were  then  dissolved  in  toluene,  when  the  solution  separated  into  two 
colourless  layers  ;  the  upper  layer,  on  being  evaporated  to  dryness,  left 
an  almost  colourless  substance  which,  after  two  crystallisations  from 
acetic  acid,  melted  at  159°.    On  analysis,  it  gave  the  following  result. 

0-2872  gave  AgCl  0-5646.     CI  =  48-6. 

CeHgCly-CO-C^H^-NOa  requires  01  =  48-4  per  cent. 

The  substance  is,  therefore,  mononitrobenzophenone  hexachloride. 
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It  does  not  crystallise  very  well,  but  separates  in  very  pale  yellow 
needles  from  acetic  acid  or  acetone ;  it  is  soluble  in  most  organic 
solvents,  ami  melts  at  159'^. 


Decomposition  of  Mononitrobenzophenone  Hexacliloride  by  Alkalis. 

A  small  quantity  of  the  substance  was  dissolved  in  aqueous  alcohol 
and  decomposed  by  excess  of  sodic  hydroxide  ;  the  amount  of  chlorine 
in  solution  was  determined,  and  agreed  well  with  the  removal  of  3 
atoms  of  chlorine  from  1  mol.  of  the  substance. 

A  much  larger  quantity  was  then  decomposed  in  alcoholic  solution, 
with  rather  more  than  the  amount  of  soda  (3  mols.)  necessary  for  the 
removal  of  3  atoms  of  chlorine ;  after  boiling  for  an  hour,  although 
the  liquid  had  become  neutral,  some  of  the  nitro-derivative  still 
remained  undecomposed,  and  more  sodic  hydroxide  was  added,  when 
the  decomposition  became  complete.  Dui'ing  the  action,  the  solution 
became  coloured,  first  reddish-yellow  and  then  brown,  probably  from 
the  formation  of  an  azo-derivative.  Some  water  was  then  added  to 
the  mixture,  and  the  whole  distilled  on  the  water  bath  ;  the  distillate 
was  found  to  consist  of  a  mixture  of  water,  alcohol,  and  1:2:4- 
trichlorobenzene,  the  last  substance  being  identified  by  the  melting 
point  of  its  nitro-derivative  (58°).  During  the  distillation,  a  yellow 
solid  separated,  which  was  collected  and  purified  by  recrystallisa- 
tion  first  from  acetone  and  afterwards  from  glacial  acetic  acid,  from 
which  it  separates  in  shuttle-shaped  crystals.  On  further  recrystal- 
lisation  from  acetone,  it  formed  almost  colourless,  hexagonal  plates, 
which  gave  the  following  result  on  analysis. 

0-1265  gave  AgCl  =  0-1695.     01  =  33-1 

OcH^Clg-OO-OoH^-NOg  requires  01  =  32-2  per  cent. 

The  small  amount  of  substance  remaining  precluded  a  second  chlorine 
determination  being  made. 

Tlic  substance  is  mononitrotrichlorobenzophenone, 
0,-H,,CL-C0-0cH4-N02, 
and  from  the  examination  of  the  nitrobenzoic  acid  produced  simul- 
taneously, it  is  evident  that  the  nitro-group  is  in  the  nieta-position. 
It  crystallises  from  acetone  in  hexagonal  plates,  melts  sharply  at  143° 
and  is  very  soluble  in  the  ordinary  organic  solvents.  The  filtrate 
from  which  the  above  substance  had  separated,  after  concentration,  gave 
a  copious  ro<l  jirecipitalc  with  hydrochloric  acid  ;  on  dissolving  this  in 
water,  wlicn  a  small  red  residue  was  left,  and  twice  recrystallising,  a 
nearly  colourless  acid  was  obtained  which  melted  at  137 — 138°. 
(Metanitrobonzoic  acid  melts  at  140°.) 

The  barium  salt  prejiarcd  fi-ora  this  crystallised  in  shining  needles 
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which  contained  4H.p;  found  H.p  -  13-2 ;  theory  =13-3.  (The  barium 
L  salts  of  the  isomeric  acids  contain  different  amounts  of  water.)  Also 
P       the  saturated  aqueous  solution  of  the  barium  salt  gave  no  precipitate 

with  dilute  nitric  acid,  which  is  a  method  of  distinguishing  the  meta- 

acid  from  its  isomerides. 

The    decomposition    of     metanitrobenzophenone    hexachloride    by 

alcoholic  soda  takes  place  chiefly  according  to  the  following  equations, 
:!6H5Clg-CO-CcH^-NO^  +  3NaOH  =  C.^H.Cla'CO-CjjH^-NOs  +  3NaCl  +  SHgO,  and 
^gHsCle'CO-CoH^-NOa  +  4NaOH  =  C^^HgClg  +  CoH4-(N02)-COONa  +  3NaCl  +  4H/J 

although   the   decomposition  is   accompanied   by  the  formation   of  a 

small  amount  of  some  azo-derivative. 


Action  of  Fuming  Sulphuric  Acid  on  Benzophenone  Hexachloride. 

Benzophenone  hexachloride  dissolves  readily  in  fuming  sulphuric  acid 
when  heated  with  it  to  a  temperature  above  its  melting  point.  After 
allowing  the  solution  to  cool,  adding  water,  and  neutralising  with 
barium  carbonate,  the  aqueous  solution  contains  a  barium  salt  which 
crystallises  in  tufts  of  needles,  and  gave  the  following  results  on 
analysis. 

M059gaveH2O  =  0-1203andBaSO4  =  0-2080.  H20  =  10-87;  Ba=  11-06. 

0-3981    „    H,O  =  0-0437   „   BaSO4  =  0-0755.  H20  =  11-00;  Ba  =  ll-15. 

(C^H5Cl6-CO-C6H4S03)2Ba  +  7^H20  requires  H2O  -  1 1  -06 ;  Ba  =  1 1  -23  per  cent. 

The  substance  is  therefore  the  barium  salt  of  a  sulphonic  acid  of 
benzophenone  hexachloride,  CyH^Cl^-CO-CgH^-SOpH.  The  free  acid 
was  obtained  as  a  non-crystalline,  vitreous  mass.  It  is  readily  acted  on 
by  sodic  hydroxide,  but  as  the  products  do  not  appear  to  crystallise 
well,  they  have  not  been  further  investigated. 

All  attempts  to  obtain  a  chlorine  additive  compound  of  acetophenone 
have  been  fruitless;  the  methyl  group  is  so  readily  attacked  by 
chlorine,  that  the  chlorine  cannot  remain  sufficiently  long  together 
k     with  the  CgHj  group  to  produce  an  additive  compound. 

The  most  intei-esting  points  about  the  action  of  chlorine  on  benzo- 
phenone are  that  one  phenyl  group  i^eadily  forms  a  hexachloride,  but 
that  the  second  one  does  not  seem  capable  of  doing  so,  and  thus  no 
dodecachloride  can  be  obtained.  This  limit  to  the  amount  of  chlorine 
capable  of  being  taken  up  obtains  likewise  in  the  case  of  naphthalene, 

I  which  in  moist  chloroform  solution  readily  forms  the  tetrachloride,  but 
does  not  yield  any  additive  compounds  containing  a  greater  amount  of 
chlorine  than  4  atoms. 
Another  interesting  point  is  the  decomposition  by  alkalis  of 
substances  containing  the  group  C,.H,C],.,'CO-  (or  -CHC1-C0-).  Fittig 
has    shown  {Ann.,   1879,   195,   170)  that  substances   which  contain  a 
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halogen  atom  and  a  carboxyl  group  joined  to  the  same  carbon  atom 
are  decomposed  by  sodium  hydroxide  in  the  cold,  with  removal  of 
CO^.  This  I  have  also  found  to  be  the  case  with  the  hexachlorides 
of  benzoic  acid,  in  some  work  which  I  hope  will  shortly  be  ready  for 
publication,  these  hexachlorides,  under  the  action  of  cold  sodium 
hydroxide,  being  partly  decomposed  with  the  formation  of  sodic 
carbonate. 

A  more  general  statement  is  that  substances  containing  the  group 
-ClICl'CO-  undergo  partial  decomposition  with  cold  sodium  hydroxide, 
the  CO  group  being  removed. 

Royal  Indian  Engineering  College, 
CoorEiis  Hill, 


XLV. — The  Chlorine  Derivatives  of  Pyridine.    Part  I. 

By  William  James  Sell,  M.A.,  F.I.C.,  and  Frederick  William 
DooTSON,  M.A. 

Introduction. 

Although,  according  to  our  present  views,  there  are  nineteen  possible 
chlorine  substitution  derivatives  of  pyridine,  comparatively  few  of 
them  have  hitherto  been  prepared,  and  these  have  practically  all  been 
obtained  by  indirect  methods.  Moreover,  when  we  come  to  consider 
the  compounds  whose  constitution  is  established,  this  small  number  is 
still  further  restricted. 

Briefly  summarised,  our  knowledge  of  this  class  of  compounds  is 
limited  to  the  following. 

1.  a-Monochloropyridine,  obtained  from  a-hydroxypyridine  (Pech- 
mann  and  Baltzar,  Ber.,  24,  3150). 

2.  /J-jMonochloropyridine,  obtained  from  pyrroline  (Ciamician  and 
Dennstedt,  Gazzetta,  11,  224,  300). 

3.  y-Monochloropyridine,  obtained  from  y-oxypyridine  (Haitinger 
and  Lieben,  }fonats.,  6,  315). 

4.  A  difhloropyridinc,  melting  point  6G  —  67°,  obtained  from  barium 
pyridiiiesiilphonate,  the  position  of  the  chlorine  atoms  being  un- 
known (KiJnigs  and  Geigy,  Ber.,  1884,  17,  1833). 

5.  A  trichloropyridine,  melting  point  49 — 50°,  also  obtained  from 
the  barium  s.alt  of  pyridinesulphonic  acid.  One  of  the  chlorine  atoms 
is  .said  to  occupy  the  a-position,  the  places  of  the  others  being  unknown 
(KiJnigs  and  Geigy,  loc.  cit.). 

6.  A  trichloropyridine  (1)  (the  note  of  interrogation  is  Seyfflirth's), 
melting  point  04 — 65\     This  was  obtained  in  too  small  a  quantity  to 
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be  thoroughly   examined.     The    orientation    is    unknown    (Seyffiirth, 
J.  iw.  Chem.,  1886,  2,  261). 
To  these  may  be  added. 

7.  A  tetrachloropyridine,  in  which  the  chlorine  atoms  occupy  the 
a/9a'/3'  positions,  and 

8.  Pentachloi'opyridine,  both  obtained  by  the  authors  from  citrazinic 
acid  (Trans.,  1897,  71,  1068).* 

Keiser  [Am.  Chem.  J.,  1886,  8,  308)  has  obtained  a  compound  which 
he  describes  as  a  "  hydrochlorate  of  di-chlor-pyridine  "  by  the  action  of 
dry  chlorine  on  dry  pyridine,  but,  as  will  be  shown  later,  this  is  not 
the  hydrochloride  of  dichloropyridine,  but  a  trichloropyridine. 

In  studying  the  action  of  phosphorus  pentachloride  on  citrazinic 
acid,  it  was  noticed  that  the  hydrogen  atoms  of  the  nucleus  were 
displaced  by  chlorine  with  the  greatest  ease  by  means  of  this  reagent, 
even  at  atmospheric  pressure.  This  suggested  that  an  attempt  should 
be  made  to  chlorinate  pyridine  directly  on  similar  lines.  Konigs  and 
Geigy  (loc.  cit.)  made  some  efforts  to  solve  this  problem,  but  their 
results  do  not  appear  to  have  been  encouraging,  and,  so  far  as  we 
are  aware,  nothing  has  been  published. 

The  present  communication  deals  exclusively  with  the  interaction  of 
phosphorus  pentachloride  and  pyridine  and  some  of  the  properties   of 
the   products   thus  obtained,  the  derivatives  of  these  products  being 
reserved  for  a  future  paper. 
These  products  are : 
1.  Dichloropyridine  melting  at  87 — 88° 

49—50 
71—72 
67—68 
90—91 
21—22 
74—75 
123—124 

9.  An  oil,  which  forms  a  solid  compound  with  mercuric  chloride. 
10.  An  oil  which  does  not  combine  with  mercuric  chloride. 
Thus  the  series  above  the  trichlorinated   derivatives   is  complete, 
and  it  is  hoped  that  from  (9)  and  (10)  the  remaining  trichlorinated 
compounds,  or  some  of  them,  may  be  isolated. 

In  these  experiments,  it  was  noticed  that,  although  the  higher 
chlorinated  members  of  the  series  were  abundant,  the  lower  ones  were 
*  On  the  authority  of  Anschiitz,  a  verbal  statement  was  made  by  Kekule  to  the 
German  Chemical  Society  that  he  had  obtained  the  last  two  compounds.  The 
memoir  on  the  subject  was  never  written,  but  a  jirivate  communication  to  Anschiitz 
finds  place  in  his  edition  of  Richter's  "  Orgauische  Chemie,"  1896.  No  description 
beyond  the  melting  points  is  given,  only  one  of  which  approximates  to  anything 
described  by  us. 


2.  Trichloropyridine 

3. 

4. 

5.  Tetrachloropyridine 

6. 

7.  „         _ 

8.  Pentachloropyridine 


434  SELL   AND   DOOTSON  :    THE   CHLORINE 

obtained  in  very  small  quantity  ;  nor  was  it  found  possible  to  prevent 
this,  and  all  attempts  to  prepare  the  lower  members,  either  by  employ- 
ing a  lower  temperature  or  a  smaller  proportion  of  phosphorus  penta- 
chloride,  merely  resulted  in  no  action  taking  place  at  all  in  the 
former  case,  and,  in  the  latter,  in  a  smaller  yield  of  practically  the 
same  products. 

Experimental. 

The  first  efforts  in  this  chlorination  were  made  by  boiling  pyridine 
with  a  saturated  solution  of  phosphorus  pentachloride  in  pliosphorus 
oxychloride  in  a  reilux  apparatus,  a  method  which  had  been  so 
efficacious  in  the  case  of  citrazinic  acid,  but  it  was  found  that  even 
after  boiling  continuously  for  a  fortnight,  the  original  amount  of  penta- 
chloride had  diminished  only  very  slightly,  and  on  pouring  the  contents 
of  the  flask  into  cold  water  and  distilling  in  a  current  of  steam  the 
yield  of  crude  oil  was  very  small. 

After  many  attempts,  the  method  finally  adopted  was  to  heat  dry 
pyridine  with  10  times  its  weight  (approximately  4  mols.)  of  phos- 
phorus pentachloride  in  sealed  tubes  to  a  temperature  of  210 — 220° 
for  from  15  to  20  hours,  the  tubes  being  frequently  opened  to  allow 
the  escape  of  hydrogen  chloride.  At  this  temperature,  the  pressure 
of  gas  in  the  tubes  soon  becomes  very  great,  and  loss  from  bursting 
tubes  is  almost  unavoidable,  whilst  if  a  lower  temperature  is  em- 
ployed, the  reaction  is  very  slow  and  the  opei'ation  tedious.  The 
contents  of  the  tubes  were  poured  into  cold  water  and  distilled  in  a 
current  of  steam,  when  a  brownish  oil  of  a  peculiar  aromatic  odour 
came  over ;  this  was  separated  from  the  watery  part  of  the  distillate 
and  allowed  to  stand  overnight,  when  a  small  quantity  of  dense,  hard 
crystals  of  pentachloropyridine  separated.  When  nothing  further 
came  over  with  the  steam,  the  contents  of  the  flask  were  filtered  from 
a  small  quantity  of  tarry  matter,  excess  of  lime  was  added,  and  the 
mixture  again  distilled  in  steam.  The  distillate  was  acidified  with 
strong  hydrochloric  acid,  concentrated,  and  excess  of  soda  added, 
whicli  caused  the  separation  of  a  darkbi'own  liquid  ;  this  was  removed, 
dried  over  soda,  and  distilled.  The  amount  of  material  thus  obtained 
was  too  small  to  investigate,  but  sioce  it  contained  a  fair  proportion  of 
chlorine,  it  seems  probable  that  some  of  the  lower  chloropyridines  were 
pres^ent. 

The  tarry  residue,  which  is  slightly  soluble  in  alcohol  and  ether, 
was  slowly  heated  to  200"^  under  diminished  pressure,  when  it  frothed 
up  violently,  evidently  decomposing,  whilst  practically  nothing  distilled 
over.     It  was  not  further  examined. 
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Isolation  of  the  Products, 

The  crude  oil,  filtered  h'om  the  crystals  of  pentachloropyridine,  was 
dissolved  in  methylated  spirit,  and  a  solution  of  mercuric  chloride  in 
alcohol  added.  On  cooling,  a  copious  crop  of  crystals  separated  ; 
These  were  collected,  using  the  pump,  and  more  alcoholic  mercuric 
chloride  added,  the  operation  being  repeated  until  there  was  no 
further  precipitate.  The  solution  was  then  largely  diluted  with 
water,  when  that  part  of  the  oil  which  remained  unacted  on  by  the 
mercuric  chloride  was  thrown  down,  together  with  a  small  quantity  of 
the  mercuric  compound.  This  was  drained  by  the  aid  of  the  filter 
pump,  and  the  oil,  separated  from  the  dilute  alcohol,  was  washed 
repeatedly  with  a  saturated  solution  of  sodium  chloride  to  remove  the 
last  traces  of  mercuric  chloride,  and  finally  with  distilled  water.  It 
was  then  dried  in  a  vacuum  over  sulphuric  acid,  and  distilled  from 
an  oil  bath  in  a  gentle  stream  of  air  at  a  pressure  of  16 — 20  mm. 

The  mercuric  compounds  were  recrystallised  several  times  from 
alcohol,  but,  as  a  preliminary  experiment  had  shown  that  it  was 
hopeless  to  attempt  a  separation  from  such  a  complex  mixture  by 
recrystallisation  al'one,  they  were  distilled  in  a  current  of  steam  from 
a  saturated  solution  of  sodium  chloride,  by  which  means  the  oil  was 
liberated  from  the  mercuric  chloride.  The  same  decomposition  takes 
place  on  merely  boiling  with  water,  but  is  much  hastened  by  the 
addition  of  sodium  or  potassium  chloride.  The  last  portions  of  the 
distillate,  consisting  of  pentachloropyridine,  solidified  in  the  condenser. 
The  pentachloropyridine^  being  very  soluble  in  the  crude  oil,  is  thrown 
down  in  part  on  adding  mercuric  chloride,  which  removes  a  large 
portion  of  the  principal  solvent,  and  the  pentachloropyridine  cannot 
afterwards  be  easily  separated  from  the  mercuric  compound  by  re- 
crystallisation  from  alcohol,  but,  being  less  volatile  than  the  other 
products,  is  chiefly  found  in  the  last  portions  of  the  steam  distillate. 
It  is  therefore  expedient  to  collect  these  separately. 

The  oil  thus  collected  was  separated  fi-om  the  watery  part  of  the 
distillate,  dried  in  a  vacuum  over  sulphuric  acid,  and  distilled  from  an 
oil  bath  in  a  gentle  stream  of  air  at  a  pressure  of  16  mm.  of  mercury, 
the  receiver  being  changed  at  intervals  of  5°.  The  first  portions 
began  to  distil  over  below  100°,  and  the  distillation  was  practically 
complete  at  140°  j  the  portions  thus  collected  were  again  fractionated 
separately  as  before,  but  were,  however,  far  from  being  pure.  Each 
was  placed  in  a  freezing  mixture  of  ice  and  salt,  when  all  became  solid 
or  semi-solid,  and  were  in  turn  drained  at  the  pump,  the  temperature 
meanwhile  being  allowed  to  rise  slowly.  This  operation  was  lepeated 
with  each  fraction  as  long  as  any  solid  residue  was  left  on  the  filter 
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plate  after  it  had  attained  the  temperature  of  the  laboratory.  In  this 
way,  successive  crops  of  crystals  were  obtained  which  were  recrystal- 
lised  from  alcohol  separately  until  the  melting  point  of  each  was 
constant.     They  were  then  examined  with  the  following  results. 

The  crystals  obtained  from  the  fraction  boiling  below  100°  at 
16  mm.  presfiure  were  found  to  be  a  mixture  of  the  two  trichloro- 
pyridines  melting  at  71 — 72°  and  49 — 50°  respectively,  the  former 
being  small  in  amount. 

The  fraction  boiling  between  100°  and  105°  yielded  atrichloropyridine 

melting  at  49—50° 
„  „  „         105°  „   110°  the  same,  in  smaller 

amount. 
„  „  ,,         110°  „   115°  the  same,  in  very  small 

amount. 
„  „  „         115°  „   120°  A  tetrachloropyridine. 

melting  at  21—22°. 
„  „  ,,         120°  „   125°thesame,togetherwithsome 

pentachloropryidine. 
The  fractions  boiling  above  125°  all  yielded  pentachloropyridine  ;  in 
each  case  there  was  an  oily  residue,  which  is  under  further  examination. 
The  oil  which  had  been  freed  from  everything  which  forms  a  solid 
compound  with  mercuric  chloride  was  in  turn  fractionated.  This 
operation  was  repeated  on  each  portion  separately,  and  again  on  the 
fractions  thus  obtained,  the  i*eceiver,  as  before,  being  changed  in  every 
case  at  intervals  of  5°.  The  liquid  began  to  distil  at  about  100°, 
under  a  pressure  of  16 — 20  mm.,  and  the  operation  was  practically 
complete  at  140°. 

These  fractions,  like  the  former,  were  not  pure  products,  the  first 
two  portions  and  the  last  partially  solidifying  on  standing,  and  all 
depositing  crystals  on  being  placed  in  a  mixture  of  ice  and  salt. 

Since  the  number  of  compounds  contained  in  each  of  these  oils  is 
obviously  considerable,  whilst  the  range  of  their  boiling  points  is 
comparatively  small,  it  is  not  surprising  that  such  imperfect  separation 
should  be  effected  by  these  means,  and  it  was  evident  that  much 
larger  quantities  of  the  oil  than  had  been  prepared  would  be  necessary 
before  satisfactory  separation  could  be  obtained  by  the  method  of 
fractional  distillation  alone. 

The  crystals  from  each  fraction  were  recrystallised  from  alcohol 
with  the  results  stated  below. 

The  fraction  di.stilling  below  105°,  between  105°  and  110°,  and  be- 
tween 110°  and  115°  each  yielded  a  dichloropyridine  melting  at 
87—88'. 

The  fraction  distilling  at  115—120°,  and  120—125°,  a  trichloro- 
pyridine  melting  at  67 — 68°. 
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The  fraction  distilling  at  125 — 130°,  a  tetrachloropyridine  melting 
at  90— or. 

The  fraction  distilling  at  130 — 135°,  a  tetrachloropyridine  melting 
at  74 — 75°,  together  with  a  little  pentachloropyridine. 

The  fraction  distilling  above  135°  yielded  pentachloropyridine. 

As  in  the  former  case,  from  each  portion  there  was  a  residual  oil 
which  remained  liquid  at  temperatures  above  0°.  These  are  being 
further  examined. 

Descriptive. 

Dichloropyridine,  melting  at  87 — 88°  (imcorr.). — This  was  obtained 
in  the  manner  described  above  from  the  fii'st  part  of  the  distillate, 
which  does  not  form  an  additive  product  with  mercuric  chloride. 
After  several  recrystallisations  from  50  per  cent,  alcohol,  it  was 
obtained  in  rhomboidal  plates  of  a  glistening,  satiny  appearance,  whose 
melting  point  was  not  changed  by  further  recrystallisation. 
Analysis  gave  the  following  numbers. 

I.  00888  gave  0-1308  CO.,  and  0-0154  HgO.    C  =  40-18;  H  =  1-92. 
II.  0-1032     „     0-1520CO^,    „    0-0180  H^O.    C  =  40-17;  H=  1-93. 
III.  0-0937     „     8-Oc.c.  of  nitrogen  at  14°  and  763  mm.   N  =  10-06. 
IV.  0  1303     „     0-2550  AgCl.    01  =  48-44. 
C5CI2H3N  requires  0  =  40-52  ;  H  =  2-02  ;  01  =  47  97 ;  N  =  9-46  per  cent. 

This  dichloropyridine  is  very  soluble  in  ether,  benzene,  light  petro- 
leum, chloroform,  and  hot  alcohol ;  moderately  so  in  cold  alcohol,  and 
insoluble  in  water.  Strong  mineral  acids  dissolve  it  readily  on 
warming,  and  from  these  it  is  reprecipitated  by  diluting  or  neutral- 
ising.    It  does  not  form  a  double  salt  with  platinic  chloride. 

Trichloropyridine,  melting  at  49 — 50°  (uncorr.). — This  was  obtained 
from  the  crude  compound  with  mercuric  chloride  described  above,  and 
was  found  in  those  parts  of  the  distillate  which  came  over  between 
100°  and  120°  (at  16  mm.).  It  ci-ystallised  from  hot  50  per  cent, 
alcohol  in  broad,  flat  needles,  which  melted  constantly  at  49 — 50°,  and 
gave  the  following  numbers  on  analysis. 

I.  0-2787  gave  0-3333  CO2  and  0-0271  H^O.  0  =  32-62  ;  H=  1-08. 
II.  02468  required  40-5  c.c.  N/lOAgNOg*.    01  =  58-09. 
CsH^OlsN  requires  0  =  32-87.     H  =  1  -09  ;  01  =  58-35  per  cent. 

*  This  chlorine  determination,  and  some  of  the  following  ones,  were  made  by 
Fusing  the  substance  with  a  mixture  of  equal  weights  of  sodium  and  potassium 
carbonates,  in  the  manner  described  by  SchifF  {Ann.,  1879,  195,  293),  subsequently 
dissolving  in  nitric  acid,  and  estimating  the  soluble  chlorides,  with  standard 
silver  nitrate  and  ammonium  thiocyanate  ( Volhard's  method).  If  the  fusion  had  been 
cautiously  made,  it  was  found  that  trustworthy  results  were  obtained.  The  method 
has  the  advantage  of  being  most  expeditious,  the  whole  operation  requiring  not 
more  than  half  an  hour. 
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This  substance,  which  does  not  yield  a  compound  with  platinic 
chloride,  is  very  soluble  in  ether,  chloroform,  acetone,  benzene,  and 
hot  alcohol,  moderately  so  in  light  petroleum  and  cold  alcohol,  and 
practically  insoluble  in  water.  A  comparison  of  the  properties,  so  far 
as  they  have  been  described,  showed  that  it  was  identical  with  the 
trichloi'opyridine  obtained  by  KiJnigs  and  Geigy  (loc  cit.)  by  the  action 
of  phosphorus  pentachloride  on  the  barium  salt  of  pyridinesulphonic  acid. 

In  the  present  work,  the  yield  of  this  product  was  greater  than  that 
of  any  of  the  others,  with  the  exception  of  pentachloropyridine.  It 
is  plain,  therefore,  that  the  previous  introduction  of  sulphonic  groups 
into  the  pyridine  nucleus  is  not  necessary  for  its  preparation. 

Trichloropyridine,  melting  at  71 — 72°  {uncwr.). — This  was  obtained 
from  the  compound  with  mercuric  chloride,  and  was  found  in  that  part 
of  the  oily  distillate  which  came  over  below  100°  (at  16  mm.).  It  was 
found  that  when  this  compound  was  especially  sought,  it  was  more 
expedient  to  separate  it  from  the  other  products  of  the  reaction  by 
distilling  the  first  crop  of  the  recrystallised  mercuric  compound,  ob- 
tained as  described  above,  separately,  from  a  saturated  solution  of 
sodium  chloride,  the  receiver  being  changed  as  soon  as  the  distillate  no 
longer  solidified  on  cooling.  Recrystallised  from  50  per  cent,  alcohol, 
this  compound  was  obtained  in  silky  needles  which  became  opaque  on 
exposure  to  the  air.  These  needles  melted  constantly  at  71 — 72°,  and 
gave  the  following  numbers  on  analysis. 

I.  0-1243  gave  0-1515     COo and  0-0120  H^O.  C  =  33-24;  H=l-08. 
11.0-1123     „     0-2660  AgCi.     01  =  58-61. 
C5CI3H2N  requires  C  =  32-93;  H  =  l-09;  01  =  58-35  per  cent. 

This  trichloropyridine  is  very  soluble  in  chloroform,  ether,  benzene, 
acetone,  light  petroleum,  and  hot  alcohol,  and  more  sparingly  in  cold 
alcohol ;  it  is  dissolved  to  a  slight  extent  by  boiling  water,  from  which 
it  crystallises  on  cooling  in  long,  silky  needles.  Strong  hydrochloric, 
nitric,  and  sulphuric  acids  dissolve  it  readily,  and  from  these  it  is 
reprecipitated  on  diluting  or  neutralising. 

If  to  its  alcoholic  solution  an  alcoholic  solution  of  mercuric  chloride 
V»e  added,  the  double  compound  is  obtained  in  long,  fine  needles,  which 
are  insoluble  in  water  and  only  very  sparingly  soluble  in  cold  alcohol, 
although  hot  alcohol  and  ether  di^ssolve  them  readily.  These  needles 
melt  at  168 — 170°  (uncorr.),  and  from  the  following  mercury  and 
chlorine  determinations  have  the  composition  expressed  by  the  formula 
^C,H,Ol3K)„HgOl2. 

I.  0-4020  gave  0-1247  Hg  and  0-7220  AgCl.  Hg  =  31-02;  01  =  44-46. 
Calculated  for  the  above  formula,  Hg  =  31-49  ;  01  =  4446  per  cent. 

Treated  with  cadmium  chloride  in  a  similar  way,  a  compound  is  ob- 
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tained  which  ciystallises  in  rosettes  of  short,  thick  needles,  which  are 
insoluble  in  water  and  nearly  so  in  cold  alcohol. 

If  to  the  alcoholic  solution  of  this  trichloropyridine  a  solution  of 
chloroplatinic  acid  be  added,  a  crystalline,  yellow  precipitate  is  obtained 
on  long  standing  in  the  cold,  or  immediately  on  boiling ;  this,  when 
dried  in  the  air,  contains  no  water  of  crystallisation,  and,  from  the 
results  of  a  platinum  determination,  seems  to  have  the  composition 
represented  by  the  formula  (C5Cl3H2N)2PtCl4,  as  the  following  numbers 
show. 

I.  0-2340  gave  0-0658   Pt.     Pt  =  28-12. 

Calculated  for  the  above  formula,  Pt  =  27-66  per  cent.,  whilst  the 
formula  (C5Cl3H2N)2,H2PtClg  requires  Pt  =  25-13  per  cent. 

This  compound  with  platinic  chloride  is  practically  insoluble  in 
water  and  alcohol.  From  it,  the  base  is  most  conveniently  re- 
obtained  by  subjecting  it  to  a  gentle  heat  in  a  stream  of  dry  hydrogen. 
It  was  not  found  possible  to  recover  it  by  the  action  of  aqueous 
hydrogen  sulphide. 

Trichloropyridine  melting  at  67 — 68°  (uncorr.). — This  was  obtained 
from  that  portion  of  the  crude  oil  which  did  not  form  a  compound  with 
mercuric  chloride,  and  was  frozen  out  from  the  fractions  boiling  between 
115°  and  125°  (at  16— 20  mm.).  It  is  very  soluble  in  hot  alcohol, 
from  which  it  crystallises  on  cooling  in  long,  somewhat  flattened 
needles;  it  is  fairly  soluble  in  cold  alcohol,  and,  indeed,  shows  the  same 
general  solubility  in  the  ordinary  organic  solvents  as  the  previously 
described  trichloropyridines.  Although  readily  soluble  in  hot,  strong 
mineral  acids,  it  crystallises  out  for  the  greater  part,  on  cooling,  and 
does  not  appear  to  be  quite  so  basic  as  the  others.  It  is  readily 
distinguished  and  separated  from  them  by  its  forming  no  additive 
products  with  either  cadmium  chloride,  mercuric  chloride,  or  platinic 
chloride. 

I.  0-2535  gave  0-3037  CO^  and  00260  H.O.     C  =32-67;  H=l-14 

II.  0-1830  required  30-2  c.c.  of  NlOAgNO,,.     CI  =  58-41. 
C5CI3H2N  requires  C  =  32-87;  H=l-09  ;  CI  =  58 -35  per  cent. 

Tetrachloropyridine,  melting  at  90 — 91°  (uncorr.). — The  fraction  of  the 
oily  distillate  boiling  between  125°  and  130°  (at  16 — 20  mm.),  obtained 
from  that  portion  of  the  original  oil  which  forms  no  compound  with 
mercuric  chloride,  on  being  recrystallised  several  times  from  methyl- 
ated spirit,  had  a  constant  melting  point,  90° — 91°,  and  gave  the 
following  numbers  on  analysis. 

I.  0-1126  gave  0-0058  HgO  and  0-1144  CO2.  C  =  27-70;  H  =  0-57. 
II.    0-1000  required  18*45  c.c.  N/lOAgNOg;    CI  =  65-26. 
C5CI4HN,  requires  C  =  27-66  ;  H  =  0-46  ;  CI  =  65-44  per  cent. 

G  G  2 
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Whilst  closely  resembling  the  trichloropyridines  in  general  solubility, 
it  is  dissolved  to  a  less  extent  by  organic  solvents,  and  is  quite  insoluble 
in  water.  In  crystalline  form  and  general  properties,  it  agrees  entirely 
with  the  tetrachloropyridine  obtained  by  the  authors  from  citrazinic 
acid  (Trans.,  1897,  71,  lOSl),  and  is  obviously  identical  with  it. 
Hence  its  structure  must  be  represented  by  the  formula 

H 

C 


cic/  \cci 
cicl    Jcci 


N 

Tetrachloropyridine,  melting  at  21 — 22°  (icncorr.). — This  was  ob- 
tained from  the  compound  with  mercuric  chloride,  and  was  found  in 
that  portion  of  the  distillate  boiling  between  120°  and  125°  (at  16 
mm.).  It  separates  from  this  oily  distillate,  on  standing  in  a  cold 
place,  in  transparent,  massive  crystals,  which  readily  melt  at  the  tem- 
perature of  the  hand.  From  alcoholic  solution,  at  temperatures  below 
20°,  it  crystallises  in  needles,  which,  if  the  alcohol  be  allowed  to  evapo- 
rate slowly,  grow  to  a  large  size.  It  is  very  soluble  in  ether,  chloroform, 
benzene,  and  the  usual  organic  solvents,  very  sparingly  so  in  strong 
hydrochloric  acid,  and  insoluble  in  water.  It  does  not  yield  a  com- 
pound with  cadmium  chloride  or  chloroplatinic  acid,  although  it  very 
readily  unites  with  mercuric  chloride,  forming  au  easily  crystallisable 
and  well-defined  salt.  The  following  numbers  were  obtained  on  analysis. 

I.  0-1387  gave  01387  CO^  and  0-0043  H.^.     C  =  27-27  ;  H  =  0.35. 
II.  0-1799  required  33-2  c.c.  N/lOAgNOg  ;  01  =  65-28. 

C5CI4HN  requires  C  =  27-66;  H  =  0-46;  CI  =  65-44  per  cent. 

Tetrachloropyridine,  melting  at  74 — 75°  (laicorr.). — This  was  con- 
tained in  the  second  of  the  oils  described  above,  and  was  frozen  out 
from  the  fraction  boiling  between  130°  and  135°  (at  16 — 20  mm.). 
The  yield  was  very  small.  On  recrystallising  from  alcohol  several  times, 
the  substance  melted  sharply  at  74 — 75°,  and  this  melting  point  was 
not  changed  by  subsequent  recrystallisation.  After  three  such  puri- 
fications, it  gave  the  following  numbers  on  analysis. 

I.  0-1537  gave  01 580  00.  and  00050  H.,0.     0  =  28-04  ;  H  =  0-38. 
II.  0-1070  required  19-7  c.c.  N/10  AgNOg.     01  =  65-12. 

GjCl.,HN  requires  0  =  27-66  ;  H  =  0-46  ;  01  =  65-44  per  cent. 

It  cry.stallises  from  50  per  cent,  alcohol  in  thin,  elongated,  rectan- 
gular plates.  It  is  very  soluble  in  ether  and  the  usual  organic  solvents, 
but  insoluble  in  water  and  acids.  It  forms  no  additive  compound 
with  mercuric  chloride,  cadmium  chloride,  or  chloroplatinic  acid. 
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Of  the  three  possible  tetrachloropyridines,  it  has  been  shown  above 
that  the  compound  melting  at  90 — 91°  has  the  constitution  represented 
by  the  formula  I. 

H  CI  CI 

c  c  c 


cic/   ^CCl      jj     cic,/   \0H     ...     cic/    >CC1 
cicl    jcci        •    cicl    Jcci     ^^^-    cic'     JCH 


N  N  N 

And  the  remaining  two  must,  therefore,  be  represented  by  the  formulae 
II  and  III,  As  to  which  of  the  two  tetrachloropyridines  described 
above  these  formulae  respectively  belong  is  an  open  question,  but,  so 
far  as  our  pi-esent  knowledge  extends,  it  is  probable  that  the  compound 
melting  at  74 — 75°  has  the  constitution  represented  by  formula  II, 
whilst  that  melting  at  21 — 22°  is  represented  by  formula  III. 

CI 
C 

qIQ/    \CC1 
Pentachloropyridine,  melting  at  123 — 124°.       p,,-,]        innr     This  is 


N 
by  far  the  most  abundant  and  most  easily  isolated  of  the  products  of 
the  action  of  phosphorus  pentachloride  on  pyridine  ;  a  portion  of  it 
separates  from  the  crude  oil  on  standing,  and  the  remainder  is  found 
in  the  last  fractions  of  both  distillates  described  above.  Although 
volatile  in  steam,  it  is  much  less  so  than  any  of  the  other  products  of 
the  reaction,  and,  consequently,  in  the  distillations  with  steam,  was 
always  found  chiefly  in  the  last  portions  which  came  over. 

From  boiling  alcohol,  it  crystallises  in  cubes,  or  modifications  of 
cubes,  frequently  in  skeleton  forms  resembling  ammonium  chloride. 
It  is  dissolved  by  the  same  organic  solvents  as  are  the  tetrachloro- 
pyridines, but  to  a  much  smaller  extent.  The  following  numbers  were 
obtained  on  analysis. 

I.  0-1460  gave  0-1275  CO,,  and  00015  H..0.     C  =  23-81  ;  H  =  0-10. 
II.  0-2450     „     0-2100  CO."    „     0-0005  H^O.     C  =  23-42;  H-0-02. 

III.  0-2307     „     10-7c.c.moist  nitrogen  at  16-5°and  766  mm.    ^[  =  5-44. 

IV.  0-1220     „     0'3470AgCl.     CI  =  70-40. 

C5CI5N  requires  C  =  23-90  ;  CI  =  70-51  ;  N  =  5-58  per  cent. 

Pentachloropyridine  thus  prepared  coincides  in  every  way  with  that 
obtained  by  the  authors  from  citrazinic  acid  {Joe.  cit.). 

In  conclusion,  the  authors  desire  to  express  their  thanks  to  Mr.  H. 
Jackson,  B.A.,  B.Sc,  for  his  assistance  in  the  analyses. 

University  Chemical  Laboratory, 
Cambridge. 

I3th  Ap-il,  1898. 
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XLM. — Note  on  the  Action  of  Chlorine  on  Pyindine. 

By   William   James   Sell,    M.A.,  F.I.C.,  and  Frederick  William 

DooTSON,  M.A. 

In'  the  preceding  communication,  the  authors  described  a  trichloro- 
pvridine  fusing  between  71°  and  72°.  The  coincidence  between  this 
melting  point  and  that  assigned  by  Keiser  [Am,  Chem.  J.,  1886,  8, 
310)  to  a  compound  which  he  describes  as  the  hydrochloride  of  di- 
chloropyridine,*  together  with  the  great  similarity  in  properties  of 
the  two  compounds,  suggested  that  they  might  be  identical.  With 
the  object  of  investigating  this  point,  Reiser's  work  was  in  part 
repeated. 

At  the  outset,  it  was  not  intended  to  prosecute  the  search  in  this 
direction  further  than  the  isolation  of  sufficient  of  the  substituted 
product  for  comparison,  since  the  results  which  had  been  obtained 
by  Keiser  did  not  seem  to  hold  out  much  prospect  that  the  method 
would  prove  a  serviceable  one  for  the  object  with  which  the  authors 
were  concerned,  namely,  the  preparation  of  the  chloropyridines. 
However,  in  the  course  of  the  work,  conclusions  were  arrived  at 
differing  so  materially  from  those  of  Keiser,  that  the  action  of  dry 
chlorine  on  dry  pyridine  was  studied  at  somewhat  greater  length. 

The  general  plan  of  Reiser's  investigation  was  to  pass  dry  chlorine 
into  dry  pyridine,  and  separate  the  products  by  fractional  distillation. 
The  substances  thus  obtained  were  (1)  the  excess  of  pyridine  used, 
coming  over  at  116°;  (2)  the  so-called  hydrochloride  of  dichloro- 
pyridine,  partly  mixed  with  pyridine,  and  partly  condensing  in  the 
neck  of  the  retort,  distilling  at  130°;  (3)  a  substance  distilling  at 
218 — 219°  and  condensing  to  a  waxy  solid,  regarded  by  Keiser  as  an 
additive  compound,  having  the  formula  CgHjNCl ;  (4)  a  tarry  residue 
of  unknown  composition. 

No  mention  is  made  of  the  temperature  at  which  the  chlorination 
was  effected,  or  of  the  relative  amounts  of  material  used,  although, 
from  the  results  obtained,  the  chlorine  could  not  have  been  in 
excess. 

In  repeating  the  work,  therefore,  experiments  were  made  at 
temperatures  varying  from  0°  to  the  boiling  point  of  pyridine,  whilst 
the  stream  of  chlorine  was  sometimes  continued  until  hydrogen 
chloride  was  freely  evolved.  It  was  not  found  that  the  yield  of  the 
substance   sought  was  materially  affected   by  this  variation  of  treat- 

♦  The  authors  desire  to  point  out  that  the  melting  point  of  this  "  hydrochlorate 
of  dichloropyridine  "  is  erroneously  given  in  Muir  and  Morley's  edition  of  Watts' 
dictionary  of  chemistry  ns  the  melting  point  of  dichloropyridine  itself,  which  latter, 
as  is  stated  in  the  memoir,  was  never  obtained. 
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ment,  although  the  amount  of  residual  tarry  matter  increased  with 
rise  of  temperature. 

In  all  cases  where  heat  was  employed,  a  light,  feathery  sublimate 
settled  in  the  colder  parts  of  the  flask,  which  was  in  most  cases 
removed  before  proceeding  to  the  separation  of  the  other  products. 
This  compound  has  a  faint  odour  resembling  that  of  bleaching  powder 
and  is  partly  soluble  in  water.  Its  hot  alcoholic  solution  deposits  an 
oil  on  cooling,  and,  later,  needle-like  crystals  appear ;  its  aqueous 
solution  gives  a  heavy,  white  precipitate  with  silver  nitrate,  insoluble 
in  nitric  acid.  In  general  properties  and  appearance,  it  recalls  the 
compound  obtained  by  Anderson  [Trans.  Roy.  Soc.  Eclin.,  1857).  It 
was  not  further  examined,  but  the  authors  hope  shortly  to  have  an 
opportunity  of  more  fully  investigating  this  substance. 

In  some  cases,  the  separation  of  the  remaining  products  was  effected 
as  in  Keiser's  experiments,  but  in  consequence  of  the  violent  frothing 
of  the  contents  of  the  flask  as  the  temperature  rose,  this  method  was 
abandoned  in  favour  of  distillation  in  a  current  of  steam,  by  which 
means  separation  was  more  easily  obtained.  The  oil  which  separated 
from  the  first  portions  of  the  steam  distillate  solidified  on  cooling, 
and  when  drained  by  the  aid  of  the  filter  pump  and  recrystallised 
several  times  from  alcohol,  was  obtained  in  long,  colourless  needles 
melting  between  71°  and  72°,  and  identical  with  the  product  obtained 
by  fractional  distillation.  Later  portions  of  the  distillate  contained 
an  oil  which  did  not  solidify  on  cooling,  and,  in  appearance  and 
properties,  resembled  the  oil  obtained  by  the  action  of  phosphorus 
pentachloride  on  pyridine  (p.  434),  which  has  been  shown  to  be  a 
mixture  of  chlorine  substitution  products  of  pyridine,  for  the  greater 
part  at  least.  The  yield  of  this  oil  was,  however,  too  small  to  render 
the  method  an  advantageous  one  for  its  preparation. 

The  amount  of  black  tarry  mass  remaining  in  the  flask  after  the 
steam  distillation  was  complete  was  considerable ;  it  was  carefully 
dried,  and  an  attempt  made  to  distil  it  under  diminished  pressure,  but 
although  the  temperature  was  cautiously  and  slowly  raised  to  250° 
(15  mm.),  practically  nothing  distilled  over,  whilst  the  contents  of 
the  flask  frothed  violently,  giving  off  pungent  smelling  gases.  It  was 
not  further  examined. 

That  the  crystalline  compound  melting  at  72°  is  not  the  hydro- 
chloride of  a  base,  is  shown  by  the  fact  that  its  solution  in  alcohol  or 
strong  nitric  acid  gives  no  precipitate  with  silver  nitrate. 

The  only  evidence  adduced  by  Keiser  that  it  has  the  constitution 
expressed  by  the  formula  CgHoCloN.HCl,  lies  in  a  chlorine  deter- 
mination, and  an  estimation  of  the  residual  platinum  obtained  by 
heating  the  double  compound  of  this  substance  with  platinic  chloride. 
No  carbon  and  hydrogen  determination  was  made.     It  is  plain  that 


IT.  0-2299 

„     0-2776  CO.,    „ 

0  0250  H2O. 

III.  0-1343 

„     0-3131 

AgCl. 

IV.  0-2051 

„     13-6  c.c 

.  nitrogen  at  14° 

and 

767  mm. 

Calculated  for 

Calculated  for 

Founc 

i. 

CsHgClaN.HCl. 

C5CI3H-.N. 

I. 

II. 

III. 

C  =32-57 

32-87 

32-75 

32-93 

— 

H=   217 

1-09 

1-04 

1-20 

— 

01  =  57-65 

58-35 

— 

— 

57-68 

N   =7-60 

7-69 

— 
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the  hydrogen  determination  is  crucial,  and  analyses  made  on  the 
compound  separated  by  fractional  distillation  in  the  manner  described 
by  Keiser,  and  which  melted  between  71°  and  72^,  give  the  following 
numbers. 

I.  0-1775  gave  0-2132  CO.,  and  0-0166  H,0. 


IV. 


7-95 

The  double  compound,  which  crystallises  out  from  the  alcoholic 
solution  of  this  substance  on  adding  platinic  chloride,  gave  27-60  per 
cent,  of  platinum  (Keiser).  This  agrees  very  nearly  with  the 
corresponding  salt  of  trichloropyridine  described  by  the  authors,  who 
found  28-12  per  cent,  of  platinum. 

This  double  compound,  therefore,  should  have  the  constitution 
expressed  by  the  formula  (C5H.,Cl3N)2PtCl4  (calculated,  Pt  =  27-66 
per  cent.),  analogous  to  that  obtained  from  pyridine  by  long  continued 
boiling  with  platinic  chloride.  The  formula  (C5Cl3H2N)._,,HoPtCl^ 
requires  Pt  =  25*13  per  cent. 

If  an  alcoholic  solution  of  mercuric  chloride  is  added  to  the  alcoholic 
solution  of  the  chloropyridine,  crystals  are  obtained  which,  after 
purification,  melt  without  decompo.sition  at  168 — 170°,  and  are 
identical  with  the  compound  shown  by  the  authors  {loc.  cit.)  to  have 
the  composition  expressed  by  the  formula  (C5Cl3H2N)o,HgCl2. 

There  can,  therefore,  be  no  doubt  that  the  compound  obtained  by 
Keiser  is  not  a  hydrochloride  of  dichloropyridine,  but  a  trichloro- 
pyridine identical  with  that  obtained  by  the  action  of  phosphorus 
pentachloride  on  pyridine. 

It  should  here  be  further  pointed  out  that  the  reasons  adduced  for 
a.ssigning  the  formula  C'sHj^NCl  to  the  third  fraction  of  the  distillate, 
which  constitutes  the  "  yellow  waxy  solid,"  boiling  between  218—219°, 
are  inadefjuate.  This  product  agrees,  so  far  as  its  properties  have 
been  described  in  Keiser's  memoir,  with  hydrochloride  of  pyridine. 
On  searching  the  literature  on  the  subject,  no  record  could  be  found 
of  the  boiling  point  of  hydrochloride  of  pyridine,  but  an  experiment 
showed  that  it  distilled  unchanged  at  218 — 219°  (uncorr.). 

Since,  in  Keiser's  experiments,  unchanged  pyridine  was  recovered 
by    distillation    and    a    substitution    of   chlorine    for    hydrogen    had 
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undoubtedly  taken  place,  hydrochloride  of  pyridine  mxist  have  been 
present ;  on  the  other  hand,  it  is  extremely  unlikely  that  an  additive 
product,  having  the  constitution  given,  would  distil  unchanged  at 
exactly  the  same  temperature  as  hydrochloride  of  pyridine. 

Further,  by  an  error  in  the  calculation  of  the  analysis  quoted  in 
support  of  this  contention,  Reiser  gives  the  percentage  of  hydrogen, 
which  ought  to  be  5'05  per  cent.,  as  4-68  per  cent.  With  this 
correction,  the  analyses  obtained  agree  more  nearly  with  the  numbers 
required  for  hydrochloride  of  pyridine  than  with  those  required  by  the 
formula  CgUgNCl,  as  is  seen  below. 


Calculated  for 

Calculated  for 

CsHgN-C]. 

CsHsN-HCl. 

Found  (Keiser), 

0  =  52-39 

51-94 

52-00 

H=  4-37 

5-20 

5-05*  (4-68) 

CI  =  30-96 

30-70 

30-89 

The  double  compound  obtained  by  the  addition  of  platinic  chloride 
to  an  aqueous  solution  of  this  substance  is  admittedly  pyridine  platinum 
chloride. 

The  conclusions  arrived  at  therefore  are. 

1.  There  is,  without  doubt,  an  additive  product  of  pyridine  and 
chlorine  formed,  as  to  the  constitution  of  which  there  is,  as  yet,  no 
conclusive  evidence. 

2.  The  so-called  hydrochloride  of  dichloropyridine  is  a  trichloro- 
pyridine. 

3.  Other  chloropyridines  are  formed  in  small  amount. 

4.  The  compound  described  as  an  additive  product  of  chlorine  and 
pyridine,  to  which  the  formula  CVHjNCl  has  been  assigned,  is  really 
hydrochloride  of  pyridine. 

University  Chemical  Laboratoky, 
Cambridge. 


XLYII.—A  Possible  Basis   of  Generalisation  of  Intra- 

molecular    Changes   in    Organic    Compoimds. 

By  Arthur  Lapworth,  D.Sc. 

The  question  of  the  manner  in  which  substitution,  isomeric  change, 
&c.,  are  interrelated  has  for  a  long  time  engaged  the  attention  of 
many  chemists.  Up  to  the  present,  however,  no  consistent  generalisa- 
tion has  been  made. 

Perhaps  the  only  attempt  to  solve  any  considerable  portion  of  the 

*  0-2691  gave  0-5131  CO..  and  0-1223  H„0, 
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problem  was  that  made  by  Armstrong  (Trans.,  1887,  51,  258)  in  a 
paper  dealing  with  the  theory  of  substitution  and  isomeric  change  in 
benzenoid  compounds.  In  this  paper,  attention  was  drawn  to  the 
fact  that  two  theories  may  be  held  with  regard  to  the  manner  in 
which  substitution  is  effected.  The  first  was  that  due  to  Williamson 
("Theory  of  Etherification,"  1851),  and  the  second,  that  brought 
forward,  probably  for  the  first  time,  by  Kekule  {Lekrbuch,  1867). 

In  Williamson's  paper,  the  suggestion  was  made  that  the  first  stage 
of  substitution  consists  in  the  action  between  dissociated  portions  of 
the  interacting  compounds,  whilst  in  Kekule's  paper  it  is  assumed 
that  initial  combination  or  association  is  to  be  regarded  as  responsible 
for  the  production  of  the  substitution  product. 

It  is  probable,  of  course,  as  Armstrong  suggests,  that  both  views 
are  correct,  the  first  phenomenon  occurring  in  some  cases,  and  the 
second  in  others.  Thus  initial  dissociation  must  be  assumed  to  occur 
when,  for  example,  a  saturated  hydrocarbon  is  attacked  by  chlorine, 
and  that  a  preliminary  addition  of  the  "dissociated"  portions  of  a 
substituting  agent,  such  as  nitric  acid,  to  the  nucleus  of  benzene, 
takes  place  when  the  latter  is  nitrated.  The  exact  manner  in  which 
preliminary  dissociation  of  a  reacting  compound  takes  place  may  for 
the  present  be  regarded  as  an  open  question. 

In  the  present  paper,  the  author  having  taken  as  starting  point  the 
hypotheses  of  Williamson  and  Kekul6,  hopes  to  demonstrate  that  it  is 
possible  to  refer  the  majority  of  reactions  and  changes  in  organic 
chemistry  to  necessary  variations  of  one,  or  at  most  two,  simple  lawf^, 
which  laws  find  their  most  general  forms  in  the  relationship  between, 
for  example,  the  two  forms  of  "tautomeric"  and  "  desmotropic  " 
substances. 

The  relationship  of  these  forms  (where  alteration  of  afiinity  or 
valency  is  excluded)  may  be  represented  by  means  of  the  following 
general  scheme,  which  will  here,  for  convenience,  be  x-eferred  to  as 
fo7'm  A. 

1  I        r A 

M  M  J 

(A,).  (Ao). 

or  as  usual,  for  brevity 

r„m-r^:r'      ;=      r„:r^-r^m 

where  Ra,  R^,  Ry  are  atoms  united  to  one  another  in  the  manner 
shown,  and  M  is  a  "  univalent "  atom  or  radicle,  labile  under  the 
conditions  in  question  ;  the  sign  ^  represents,  as  usual,  a  reversible 
change. 

The  labile  group  M,  it  will  be  observed,  moves  from  the  a-atom  to 
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attach  itself  to  the  y-atom,  the  suitable  rearrangement  of  the  linkings 
taking  place  between  the  three  fixed  atoms  E^,  R,3,  and  Ey. 

In  desmotropic  substances,  both  forms  corresponding  to  A^  and  Ag 
are  known.  Tautomerism,  as  is  now  generally  recognised,  may  be 
taken  as  the  expression  of  the  instability  of  one  form,  as  each  form 
may  usually  be  obtained  in  one  or  more  of  its  more  stable  derivatives. 

The  following  examples  of  the  above  type  of  change  will  serve  to 
make  clear  its  applicability. 

O5'-0Me:0H-CO0Et  (ethylic  acetoacetate)  —  OICMe-CZTH-COOEt 

a  ^  y  a.      P  y 

'NH'.C.O  isocyanic  acid  ^^     NIC'OZ?"  (cyanic  acid) 

a  ^    y  a     ^     y 

NiTICiNH  carbodi-imide         ^^     NiC'NZTH  cyanamide 

a  P     y  a     ^     7 

OZr-C:N  lactimes  ^     0:C-N^  lactams 

a  p     y  a.     P     y 

ICZT'NIO  nitroso-compounds  ;=^     '.G'.N'OH  oxivaes 

a  /3     y  a     P       y 

•NZT'NiO      nitrosamines  or    ^     'NIN'OZT  diazo-compounds. 
°-       ^    y  isodiazo-compounds  «    ^    y 

The  following  is  a  most  interesting  example  noticed  by  Claisen 
(Ber.,  1896,  29,  2931). 

0^«-CPh:0H2         —         O'.CFh'CEm,. 

a/3y"  a     P  y  " 

Isoacetophenone  ethylic  ether  gave  Phenyl  propyl  ketone. 

It  will  be  seen  that  in  the  special  form  A,  R^  and  Ry  may  be 
O,  N,  or  C,  and  R^  may  be  N  or  C ;  obviously,  oxygen  is  excluded 
from  occupying  the  position  R^,  as  in  (A^)  and  (Ag)  this  must  be  at 
least  a  triad  element.  As  will  be  shown  later,  other  groups  may 
functionate  in  place  of  C,  N,  or  0. 

If  now,  labile  groups  M^  and  M.,  are  attached  to  R^  and  Ry  ,  as  in 
(By),  we  should  expect  by  a  logical  extension  of  A  to  observe  on 
occasion  a  change  such  as 

RaM^-R^IRyM^     ^     RJR^-RyM^M,     :==     R^M^-R^IRyMi}  .  .  .  .  B 

(Bi).         "  (B,).  (B3). 

that  is,  in  a  grouping  such  as  (B^),  labile  groups  attached  to  E^  and  Ey 
might  change  places  without  any  final  alteration  of  the  original 
disposition  of  the  single  and  ethylenic  linkings. 

A  "  mechanical "  explanation  of  the  forms  A  and  B  is  not  hard  to 
find,  as  will  be  seen  by  a  consideration  of  the  following  diagram, 
whei-e  carbon  atoms  in  the  form  of  tetrahedra  are  shown,  for  con- 
venience, in  projection  as  triangles,  as  in  A  and  B  we  are  only 
•concerned  with  triad  or  diad  atoms  or  radicles  E^,  E^,  and  Ey.     The 
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sint'le  linkings  are,  as  usual,  supposed  to  exist  at  the  corners,  and  the 
ethylenic,  or  double  linking,  is  represented  in  the  conventional 
manner,  as  union  of  the  edges  of  two  tetrahedra. 

Fig.  1. 


As  will  be  clearly  seen  by  means  of  the  diagram,  the  formation  of 
an  ethylenic  union  between  the  atoms  a  and  /S  brings  one  of  the 
labile  groups,  which  are  represented  by  the  small  black  and  white 
circles,  into  close  proximity  with  the  point  of  attraction  of  the  atom  y, 
and,  as  the  latter  is  released,  its  union  with  the  labile  group  is  a  most 
natural  result. 

It  is  not  necessary,  of  coui-se,  to  imagine  that  the  group  M  ever 
actually  becomes  free,  but  rather  that  it  is  always  under  the  influence 
of  the  attraction  of  K„  or  R^,  and  possibly,  at  some  instant,  of  both 
simultaneously  ;  thus  the  lability  of  the  molecule  may  be  imagined 
to  depend  on  a  species  of  "dissociation."  By  the  latter  word,  the 
author  wishes  to  express  more  especially  the  idea  that  the  combina- 
tion of  two  portions  of  a  molecule  is  of  so  little  intimacy  that,  under 
the  influence  of  disturbing  attractions,  the  union  between  the  dis- 
sociated portions  may  be  readily  overcome. 

Now,  should  the  grouping  Aj  or  Bj  be  merely  the  commencement 
of  a  chain  of  alternately  singly  and  doubly  linked  atoms  as  in  L\  and 
Dp  it  would  be  most  naturally  expected  that  successive  changes, 
exactly  similar  to  A  and  B  respectively,  would  go  on  under  favourable 
conditions,  as  represented  by  forms  C  and  D,  R'^,  R"a,  «fec.,  function- 
ating in  turn  as  R^  does  in  the  forms  A  and  B. 

r„m-r^:r'„-r'^:r "„  ^  r„:r^-r',m-r'^:k"„  :^  r„:r^-r-r'^-r"„m}c, 

^i)-  (Cj).  (C3). 

that  is,  a  labile  group  might  move  along  a  chain  of  alternately  singly 
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and    doubly  bound   atoms,    the  etlujlenic  and  single  Unkings  changing 
2)laces  in  the  path  of  the  labile  group. 
Again,  by  B,  we  have 

R„Mi-R^:R'„M2-R'^:II"„M.^     ^     RaM2-R^:R'aMi-R>:R"„M3     ^\ 

(Di).  (D,).  Id, 

^   r„M2-r^:r',M3-r^:r"„Mi,  &c.  j 

(D3). 

that  is,  in  a  chain  composed  of  alternately  singly  and  doubly  linked  atoms, 
labile  groups  attached  in  y-positions  (once,  twice,  or  even  move 
removed)  with  regard  to  one  another,  might  change  places  without 
any  final  alteration  of  the  original  disposition  of  linkings  in  the 
chain. 

For  examples  of  changes  corresponding  with  types  C  and  D, 
reference  may  be  made  to  benzenoid  derivatives.  If  benzene  and 
its  derivatives  be  represented  by  Kekule's  formula,  it  is  at  once  seen 
that  the  alternate  single  and  double  linkings  are  here  existent,  thus 

CH :  CH-  CH :  CH-  CH :  ch, 

I ^1 

and,  as  it  is  probable  that  all  benzenoid  derivatives  act,  on  occasion,  as 
if  they  had  Kekule's  formula,  no  exception  can  be  taken  to  this 
mode  of  representing  them. 

A  few  examples  of  isomeric  change,  probably  referable  to  forms 
C  and  D,  may  conveniently  be  taken  here.  Thus,  on  making  nitroso- 
phenol,  the  product  obtained  is  quinone-oxime,  and  the  following 
scheme  represents  their  tautomerism  most  jierfectly.  (In  this,  and  in 
all  the  following  examples,  the  labile  group  is  in  italics  for  the  sake  of 
clearness.) 

V  a  ^  ^ 

o:c<gH:CH>cif.N:o         o:c<gH:C>c:N-o//. 

a         p     y 

In  like  manner,  orthohydroxyazobenzene  is  tautomeric  with  ortho- 
phenylquinone  hydrazone. 

^CH-CH^  /^CH-CH^  ^CH-CHa^ 

5^— C=C— NINPh         0=C C^-NINPh  0=C C=N-N^Ph. 

As  examples  of  type  D,  the  changes  observed  in  many  sulphonic 
acids  of  the  benzenoid  series  may  be  quoted ;  namely,  those  which 
undergo  isomeric  change  in  absence  of  any  considerable  quantity  of 
free  sulphuric  acid  (in  which  case  hydrolysis  and  re-sulphonation  and 
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like  changes  are  doubtless  impossible  or  highly  improbable).  In  these 
cases  the  sulphonic  groups  wander  into  y-positions  (possibly  once  or 
twice  removed)  with  regard  to  their  orizional  ones. 

1st.  The  change  of  phenylsulphamic  acid,  successively,  to  ortho-  and 
para-anilinesulphonic  acids  (here  S  =  S03H). 


H      H 


H      H 


H      H 


NH^S'^P, 


H 


H 


6' 


H 


H  -> 


H 


H 


S. 


As  the  barium  salt  of  phenylsulphamic  acid,  when  heated,  changes  into 
that  of  paranilinesulphonic  acid,  the  occurrence  of  hydrolysis  and 
resulphonation  is  in  this  case  entirely  excluded. 

An  even  more  striking  instance  of  this  type  of  isomeric  change  is 
seen  in  the  changes  of  ^-naphtholsulphonic  acids.  These  (by  analogy 
with  phenol),  probably  from  ^-naphthyl  sulphate  as  initial  compound, 
go  through  three  changes,  which,  as  the  author  has  shown  (Pro- 
ceedings, 1895,  49)  by  the  investigation  of  the  corresponding 
compounds  of  y8-ethoxynaphthalene,  may  be  regarded  as  successive. 

In  the  following  scheme,  as  in  many  of  the  succeeding  cases,  the 
nuclei  are  represented  by  means  of  the  ordinary  skeleton  formula,  the 
double  linkings  beino;  left  out. 


H     H 


H     H 


H      H  H      H 

The  change  of  methylaniline  into  toluidine  is  doubtless  of  a  similar 
kind. 

H H 

ll 


H 


H 


H 

> 


H      H 


NH. 


H 


Me 


J/" 
H 


H 


NH,< 


H 


It  is  probable,  however,  as  in  many  similar  cases,  that  the  molecule 
does  not  revert  to  the  benzenoid  condition  until  the  labile  group  is  in 
the  para-position.      In  this  event,  an  intermediate  compound  would 


H 
'C: 


H 


be   produced,   namely,   NHIC<C/-,.pu^CH,   which  would    finally  re- 

HMe 

adjust  itself,  the  methyl  group  being  the  first  to  move. 

To   this  type   also,   may  be  referred  the  formation  of   parachlor- 
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acetanilide  from  phenylchloracetamide  (Benda,  Ber.,  1886,  19,  2273), 
ifec,  and  the    more    complicated    cases    of    ortho-  and   para-amidoazo- 
benzenes  from  diazoamidobenzenes,  as  well  as  that  of  benzidines  from 
hydrazobenzenes. 
The  latter  may  be  represented  for  simplicity  thus 

II  II  'II  I      ^ 

fiH      ^CH   _  CH       '^CK^ynPh   _  CH       «C<g  _  CH        CH 
CH       CH  CH       ^CH  CH        CH  CH        CH 

H  (A).         H  (B).         NHPh       (A).         NHPb 

The  changes  being  in  each  case  labelled  according  to  their  form. 
The  last  pictured  compound  would  fiu'nish  benzidine  in  the  same 
manner  as  methylaniline  yields  toluidine. 


NHJ/e                    NH2 

^YL'C^H^'NH^       NH^ 

Hr^^H    . , ,   h^\h 
Hi  ^H  y^"^^'  ^\/^' 

H                             21e 

H^  \H      .  .         H^\h 
H^^H                   H^^H 

H                      c,h,- 

I 


The  two  changes  thus  represented,  however,  must  probably  be  re- 
garded as  simultaneous  and  not  successive,  and  it  is  not  suggested  that 
paramidodiphenylamine  is  actually  an  intermediate  compound,  al- 
though the  latter  would  probably  yield  benzidine  under  suitable 
treatment. 

Before  proceeding  with  the  discussion  of  isomeric  change  in  the 
benzene  series,  it  will  be  advantageous  if,  at  this  stage,  some  further 
consequences  of  change  A  be  pointed  out. 

If,  in  a  compound  containing  the  group  Ej,  the  union  between  Rg 
and  Rg  be  a  readily  severable  one,  a  change  similar  to  that  of  A^  to  Ag 
will  produce  that  of  E^  to  Eg,  that  is  to  say,  separation  of  the  mole- 
cule into  2  parts  between  E^  and  E^  will  result. 

R^M-R^-R^     ^    R„  =  R^  +  R^M} E. 

(El).  (E.,). 

This  formula  may  for  convenience  be  termed  the  "scission  formula." 

Of  this  type  of  change,  examples  are,  of  course,  without  number, 

and  its  "mechanical"  explanation  is  readily  understood  by  a  glance 

at  Fig.  2,  where  it  is  seen  that  the  changes  are  exactly  comparable 

with  those  of  A  and  B  as  represented  in  Fig.  1. 
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Fig.  2. 


The  following  examples  may  be  quo  ted. 

(oci'CO'GB.^  ->   o:c:o+^^cH3. 

-{   a  ^        y  a    0  V 

(^Chlorine  acetate  gives  carbonic  anhydride  and  clilormethane. 

(Schutzenberger.    Lemons  prqfessees  en  1868  cmd  1869  devant  la  Societe 
Chimique  de  Paris). 


rP/i-NIN-Cl     —     N:N  +  P/iCl. 

-|  a      /3      y  a     j3  y 

(^Diazobenzeuechloride  yields  nitrogen  and  chlorobenzene. 
OZ/'CO-CHoCOOH    ->    0:C0  +  5'-CH2-C00H. 

o  j3  y       "  a     ^  y 

Malouic  acid  yields  carbonic  anhydride  and  acetic  acid. 


Amongst  unsaturated  acids,  many  interesting  cases  are  known. 
(Compare  Fittig,  Ber.,  1894,  27,  2658).  Thus,  as  an  example  of  ring 
scission  on  the  basis  of  type  E. 


CHo 


-CO 
I 


-C//-CHo-0 


CH^- 
-C:CH.,  5^0 


-CO 


A  7-lactone  affording  a  j37-unsaturated  acid. 

"We  are  now  in  a  position  to  derive  conclusion  s  of  considerable  value 
from  the  use  of  the  foregoing  considerations,  mo  re  especially  if  we 
combine  with  Kekule's  hypothesis  that  addition  as  a  rule  precedes 
isubstitution,  the  idea  (first  brought  forward  for  a  special  case  by 
Armstrong)  that  isomeric  change  is,  in  many  cases,  an  intermediate 
phenomenon  in  the  formation  of  the  final  products. 

The  following  cases  of  hydrolysis  may  serve  to  make  clear  the 
manner  in  which  the  theoretical  method  s  of  investigation  brought 
forward  in  the  present  paper  may  be  employed.  The  type  of  change 
is  in  each  case  labelled  with  the  appropriate  letter  for  convenience  in 
reference. 

1.  Hydrolysis  of  acetic  anhydride  by  alkalis. 


CHg-CIO 


CH.-c:o 


>0  +  H20    — 


CHg*  C<Qyy^ 


>0. 


CHg-CIO 


CR,C<gjj 
CH3-C=0 
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Probably,  however,  the  labile  group  is  the  metallic  ion  intro- 
duced. In  any  case,  the  final  product  is,  of  course,  two  molecules  of 
acetate. 

The  enormous  difference  in  stability  between  acidyl  and  alkyl 
oxides  receives  in  this  manner  an  excellent  explanation,  as  in  the 
latter,  additive  compounds  of  the  above  type  are  not  formed,  and  the 
hydrolysis  must  be  preceded  by  the  dissociation  of  the  saturated 
alkyl  oxide. 

2.  The  hydrolysis  of  ethylic  acetoacetates,  &c.,  by  alkali  in  several 
different  ways  may  be  represented  in  an  exactly  similar  manner, 

3.  The  interesting  change  of  unsaturated  lactones  into  ketonic  acids 
may  be  written  in  this  manner. 

C:CH-CH.  -C:CH-CH,  -C:CH-CH.,  -C-CHfi^-CH^ 

I  I     "  +  HOH  _    I  '      OH  _>    I  I      OH  —    "  I   /OH 

o — c:o  o c<o5  ^  o-^   c<^'^       o  c<o 

y  /S  a  a 

(E).  (A). 

The  changes  observed  in  the  formation  of  pinacolins  from  pinacones, 
of  benzilic  acid  from  benzil,  Arc,  are  readily  explained  on  assumptions 
which  the  author  has  not  been  the  first  to  make,  and  are  doubtless 
closely  related  to  those  exhibited  by  orthodiketohexamethylene 
compounds  (Zincke,  JBer.,  1888,  21,  2381,  tfec.)  and  by  carbohydrates 
in  pi'esence  of  alkali  (Lobry  de  Bruyn,  Bee.  Trav.  C/iem.,  1893,  14, 
203 — 216,  ifcc).  In  all  these  cases,  it  will  be  noticed  that  the  change 
occurs  at  a  point  where  it  is  possible  that  a  ring  compound   of  the 

type  -Ra- -B.^  may  be  produced. 

The  simple  change  of  a-glycols  may  be  taken  first.  It  is  well 
_  known  that,  under  conditions  which  cause  the  jyi'oduction  of  oxides  from 
•y-  and  h-glycols,  the  a-glycols  yield  either  zcnsaturated  alcohols  {in  the 
nornucl  manner),  aldehydes,  or  pinacolins,  accoi'ding  to  their  constitution. 
Hence  the  production  of  aldehydes  or  pinacolins  from  a-glycols  may  be 
preceded  by  the  formation  of  the  corresponding  unstable  "  ethylene 
oxides,"  when  the  course  of  change  becomes  abundantly  clear. 

With  this  assumption,  the  change  of  pinacones  into  pinacolins  is 
seen  to  be  in  complete  accordance  with  the  author's  views.     Thus 

Me-CMe     CMe.,       —       J/e-OMe-O-CMe.,        —        CMelOJ/e-CMe.,. 

o:h;;;;oh"  -     '^   "(byE).    "     '     '   ' 

In  like  manner,  as  has  been  pointed  out  apparently  for  the  first 
time  by  Armstrong  and  Groves  (Miller's  Elements  of  CJiemistry,  iii, 
787),  the  production  of  benzilic  acid  from  benzil  is  possibly  preceded 

VOL.   LXXIII  H  H 
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/OH 

Pli'Cv 
by  that  of  an  oxide  of  the  fonuula  pO    .    The  subsequent  change 

Ph-C\OH 
may,  for  clearness'  sake,  be  written  as  follows, 

OH-CP/rO-C(OII)Ph     —     OH-C:0     Fh-C{01i)Vh. 

a  /3     y  a     fi  y 

that  is,  affording  benzilic  acid,  Ph2C(0H)-C00H. 

A  similar  change  in  an  orthodiketohexamethylene  derivative  'would 
afford  an  a-hydroxypentamethylenecarboxylic  acid,  one  portion  of  the 
chain  functionating  as  M  in  form  E.  The  simplest  possible  case  of 
this  change  may  bo  here  shown. 

OH  OH     OH    OH  OH   0      OH 

CO— CO  \/  \/  \/  \/ 

/       \  c c  c — c 


'2  '^■^^2 


/  \        ■—     / 


en. 

CH. 

"'•\ 

/ 

CHg- 

-CH^ 

\  /  0H„  CH,  CH2         CH,  +  HOH 

CH2-CH.,  \  /     '  \        /     ' 

CH2 CH2  CH2-CH2. 

Then,  as  above,  for  clearness,  the  final  change  may  be  represented  as 
follows. 

OH  OH  OH  OH 

c— 0— c  c:o     C 

/a.  p  y\^  -^  a     /3     //y\^ 

6W2       CH2 

I  I 

GH2 — CHg 


Substitution  in  Benzenoid  Compounds.     The  Meta  Law. 

Perhaps  the  only  attempt  made  to  discuss  the  question  of  substi- 
tution in  benzenoid  derivatives  from  a  broad  standpoint  was  that  of 
Armstrong's  in  the  paper  already  referred  to  at  the  commencement  of 
the  present  contribution  (rraus.,  loc.  cil.).  In  order  to  account  for 
tlie  fact  that,  whereas  ortho-  and  para-derivatives  are  almost  the  only 
products  when  certain  mono-derivatives  of  benzene  are  acted  on  by 
substituting  agents,  and  that  mono-derivatives,  notably  those  con- 
taining acid  r.'idicles,  yield  chiefly  meta-derivatives,  the  following 
suggestion  was  m.ade.  Armstrong  suppo.sed  that  the  difference  in 
behaviour  between  the  two  classes  of  mono-derivatives  is  attributable 
to  the  different  manner  in  which  they  form  additive  compounds,  and 
that  where  meta-derivatives  are  produceil,  initial  combination  of  the 
side  group  with  the  reacting  .agent  took  place  and  was  followed  by  an 
isomeric  change  resulting  in   substitution  in  the  meta-position  with 
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regard  to   the  first   group.     The  view  was  also  advanced   that  para- 
dei'ivatives  were  for  tlie  most  part  attributable  to  isomeric  chauge. 

Armstrong's  explanation  of  the  production  of  mcta-derivatives  has 
recently  been  revived  by  Collie  (Trans.,  1897,  71,  1018);  but  Collie's 
explanation  of  this  point  fails,  in  the  author's  opinion,  to  account  for 
the  fact  that  many  benzene  derivatives  substitvited  in  the  side  group, 
such  as  phenylsulphamic  acid,  phenylnitramine,  &c.,  yield,  not  meta- 
derivatives  by  isomeric  change,  but  only  ortho-  and  para-derivatives. 
Some  explanation,  therefore,  other  than  Collie's  in  its  original  form, 
must  be  introduced  in  order  to  make  the  whole  consistent. 

The  following  view,  a  modification  of  Armstrong's,  appears  to  put 
the  matter  in  a  perfectly  consistent  manner.  The  difference  in  behaviour 
between  the  two  classes  of  benzenoid  mono-substitution  derivatives 
may,  in  part,  be  explained  on  Armstrong's  hypothesis  with  the  help  of 
the  principles  advanced  in  the  present  paper. 

Armstrong's  view  as  regards  the  production  of  ortho-  and  para- 
derivatives  is  in  complete  accordance  with  these  principles.  It  is,  in 
fact,  only  the  formation  of  large  quantities  of  meta-compounds  which 
at  present  requires  further  discussion,  and  isomeric  changes,  such  as 
that  of  phenylsulphamic  acid  into  anilineorthosulphonic  acid  and 
parasulphonic  acid  successively,  have  already  been  brought  into  line 
with  other  isomeric  changes. 

The  rule  of  Crum  Brown  and  Gibson  (Trans.,  1892,  61,  367)  is  an 
empirical  one  and  does  not  attempt  to  off'er  any  explanation  :  hence  it 
is  unnecessary  to  discuss  this  particular  point  fully.  It  may  be  said, 
however,  that  the  rule  does  not  apply  to  all  cases,  and  where  it  does 
apply,  it  can  be  demonstrated  that  the  constitution  of  the  mono- 
derivative  may  be  expi-essed  by  the  formula  Ph-Pi^IRo,  so  that  it  is 
in  a  sense  unsaturated  in  the  side  group  (compare  Collie,  loc.  cit.). 

It  will  be  most  convenient  to  discuss  this  question  with  reference  to 
a  special  case,  and  the  sulphonation  of  nitrobenzene  will  therefore  be 
chosen  as  a  fairly  suitable  one. 

Therejcan  be  little  doubt  that,  in  nitrobenzene,  the  nitrogen  is 
pentad,  and  the  only  likely  form   in  which    the   nitro-group  can   be 

written  is  -N-^^ 

The  group  is  therefore  of  an  unsaturated  type,  and  nitrobenzene 
might  therefore  be  expected  to  form  an  additive  compound  with  sul- 
phuric acid,  and  which  would  have  the  constitution 

H 

^C.  fi     OH 

HC..       /CH^      « 

H 

H    H    2 
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111  this  additive  product  some  initial  alteration  of  structure  must 
occur  before  the  sul phonic  group  can  become  attached  to  any  carbon 
atom  of  the  benzene  nucleus  without  causing  simultaneous  separation 
of  the  nitro-group,  and,  although  the  change  may,  in  accordance  with 
the  foregoing  principles,  be  supposed  to  occur  in  at  least  three  different 
ways,  any  simple  change,  not  involving  the  production  of  new  ring 
compounds,  or  the  occurrence  of  polymerisation  must  result  in  the 
production  of  a  metanitrobenzenesulphonic  acid. 

Thus,  one  of  the  following  initial  changes  may  occur. 

(1)  Migration  of  the  OH  group. 

(2)  ,,         of  the  0-SO.,H  group  as  a  whole. 

(3)  „  of  a  hydrogen  atom  of  the  ring,  in  the  meta-*position 
with  regard  to  the  side  group. 

Of  these,  (3)  is  the  most  simple  to  represent,  and  as  it  is  probably 
the  correct  one,  it  will  therefore  be  chosen  to  explain  the  possible 
series  of  change. 


H  H    0:^    OHi  H 

ii/   >C-N<^H  _     HC^  ^'^''''\n,o  rr  -  '       ^""'^ 

HC,       ^CH^             '  HC         ^'CH^    ^OSOJI  hC           CH 

^C/  (byC)            \^                "        (byC)  \/ 

H  o."  yOgH 

It  is  possible  that,  simultaneously  with  the  formation  of  products 
of  addition  to  the  side  group,  addition  to  the  benzene  nucleus  occurs, 
when,  as  usual,  ortho-  and  para-derivatives  will,  for  the  most  part,  be 
produced.  Further,  it  is  probable  that  evei-y  possible  additive 
compound  is  formed  in  slight  amount,  and,  as  in  all  such  cases,  it  is 
only  the  great  preponderance  of  one  or  two  substitution  derivatives 
which  requires  explanation. 

The  result  of  the  immediately  preceding  discussion  may  be  formu- 
lated as  follows.  Where  a  substitution  product  is  formed  by  isomeric 
change  of  a  product  of  addition  or  substitution  on  the  side  chain,  in 
which  the  substituting  radicle  is  separated  from  the  benzenoid  nucleus 
by  two  interiaediate  atoms,  a  7«e^«-substitution  derivative  must  be 
produced,  or  replacement  of  the  side  group  by  the  new  substituting 
radicle  will  occur  (that  is,  with  the  reservations  already  alluded  to). 

The  production  from  aniline  derivatives,  under  some  conditions,  of 
ortho-  and  para-sulphonic  acids  only,  and,  uudor  others,  of  meta-acids 
only,  is  doubtless  accounted  for  by  tlie  fact  that  it  is  possible  to  form, 

*  Migration  of  any  otlicr  H  atom  into  tlie  side  group  is  manifestly  impos.sible, 
nnless  scission  occurs.  Moreover,  it  seems  probable  tliat,  in  many  cases,  migration 
of  the  meta-H-atom  into  tlie  side  group  takes  place  as  the  initial  step.  Just  as,  for 
example,  it  is  probable  that  migration  of  a  hydrogen  atom  into  the  nitro-group  of 
nitromethane  occurs  before  tlie  latter  is  broniiiiated,  that  is,  the  substance  reacts  in 
its  tautomeric  form. 
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as  initial  product,  either  a  phenylsulphamic  acid  or  an  aniline  hydrogen 
sulphate. 

m.      /  ^N'SO.^H  would  afford  an  orllio-  or  ^;arrt-and  (      jNH^'OSO.^H 

probably  a  ?>te^a-acid  only,  and  similar  considerations  hold  for  all  amido- 
benzenoid  derivatives. 

The  following  interesting  case  of  interaction  in  the  benzene  series 
is  readily  explained  on  the  assumption  that  the  nitro-group  is  un- 
saturated. Pai'abromonitrobenzene,  when  acted  on  by  potassium 
cyanide,  yields  metacyanobromobenzene.  It  may  be  assumed  that 
the  group  -NOIO  reacts  with  HON  in  the  same  manner  as  does  the 
group    =CIO.     The  compound  formed  would  then  change  as  follows. 

H      H 

0 


H 

.         s     0       0// 

-\           On 

H     (JN 

CN 

H      H 


Influence  of  Residual  Affinity  on  Tautomerism  and  Intramolecular 

Change. 
i 

The  foregoing  discussion  has  been  based  entirely  upon  the  assumption 

that  change  of  valency  in  the  atoms  in  question  is  excluded.      Where 

change  of  valency  does  occur,  it  must  be  supposed  that  a  second  type 

of  change  goes  on,  which,  in  its  most  general  form,  may  be  represented 

thus. 

E^M-Rp     =:=     R„:R^M X. 

where  R^   represents  an  atom  having  a  residual  affinity  of  two  units. 

This  type  is  exhibited  in  the  tautomerism  of  hydrogen  cyanide,  of 
sulphui'ous  acid,  and  of  nitrous  acid,  and  changes  such  as  that  of 
phenylic  cyanide  into  the  isocyanide  are,  of  course,  of  the  same  kind. 

From  this  type,  X,  we  may  of  course  derive  others  corresponding 
with  B  and  E.     Thus  we  might  have 

RaMi'R^Mo     ^     RalR^M^M,     ^     R„M2-R^Mi  .  .  .  .  Z. 

that  is,  exchange  of  M^  and  M^  taking  place,  as  was  the  case  in  form  B. 

To  type  Z  doubtless  pertain  such  changes  as  the  formation  of 
a-methylpyridine  hydriodide  from  pyridine  methiodide. 

Whilst  it  is  not  impossible  that  the  above  type  is,  in  some  cases  at 
least,  dependent  on  A,  any  speculations  on  this  point  would  be 
ill-advised,  especially  as  our  knowledge  of  the  stereochemistry  of 
nitrogen,  &c.,  is  practically  nil.  It  may  be  pointed  out,  however,  that 
polymerisation  may  be  an  intermediate  factor  in  the  change,  as  many 
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substances  which  undergo  the  above  transformation  exhibit  a  great 
tendency  to  polymerise  or  form  double  molecules,  as,  for  instance, 
hydrogen  cyanide,  sulphites,  and  oximes. 

A  detailed  series  of  examples  of  changes  dependent  on  type  X 
seems  unnecessary,  as  its  mode  of  application  would  be  exactly  similar 
to  those  employed  in  the  more  general  ay-change.  It  may  be  of 
interest,  however,  to  note  that  changes  such  as  that  of  benzophenone- 
oxime  into  benzanilide  and  of  amides  into  amines  (Hofmann's  reaction) 
are  probably  of  tliis  kind,  although  some  of  them  may  be  represented 
by  means  of  type  E  without  difficulty. 

Thus  the  change  of  benzophenoneoxime  chloride  may  be  written 

^,1'>(j:n-ci    ->   Ph-C:N£?    —    Ph-cci:N-Ph. 

rit  ..  Fh 

Conclusion. 

The  author  has  chosen,  as  far  as  possible,  examples  of  isomeric 
change  in  which  it  is  not  sufficient  to  assume  successive  addition  and 
subtraction  of  tlie  element  of  the  solvent  or  other  substance  within  the 
sphere  of  action.  The  employment  of  such  an  assumption  would,  of 
course,  be  of  great  value  in  many  cases,  and  possibly  this  process  is  a 
partial  factor  in  some  of  the  examples  which  have  been  given  in  this 
pffiper. 

The  question  of  the  "residual  affinity,"  exerted  by  many  elements, 
has  been  but  briefly  touched  on,  and,  no  doubt,  in  extending  the 
principles  which  the  author  is  here  endeavouring  to  introduce,  this 
point  must  receive  far  more  attention  than  has  been  devoted  to  it  in 
the  present  paper. 

It  would,  perhaps,  be  not  unwise  to  draw  attention  to  a  factor  of 
some  importance  with  regard  to  the  isomeric  changes  represented  by 
the  most  general  type  A.  It  has  already  been  assumed  that  a  species 
of  dissociation  is  accountable  for  the  change  which  occurs,  and  a  glance 
at  Figs.  1  and  2  will  make  it  clear  that  it  is  only  necessary  to  imagine 
dissociation  between  the  labile  group  and  the  atom  to  whicl:  it  is 
attached,  at  the  instant  when  the  change  actually  takes  place  in  the 
molecule,  and  it  is  possibly  due  to  the  attractive  influence  of  the 
y-atom  at  the  period  of  the  disturbance,  where  the  labile  group  is 
l)rought  under  its  direct  influence.  Thus  the  dissociation  between 
Ita  and  M  is  probably  only  a  temporary  one,  and  it  is  not  necessary 
to  assume  that  any  extensive  dissociation  exists,  except  at  the 
instant  of  change.  Further,  a  considcr.ation  of  the  diagrams,  and 
the  UK^Ihods  by  w]ii(;h  the  types  dependent  on  A,  were  derived  from 
tlie  latter,  makes  it  clear  tliat  only  one  change  at  a  time  must  be 
supposed  to  occur.      Were  the  dissociation  extensive  and  permanent, 


THE   CARBOHYDRATES   OF   BARLEY    STRAW.  459 

two  changes  might  go  on  simultaneously  and  the  generalisation  would 
be  inapplicable ;  hence  changes  in  electrolytically  dissociated  sub- 
stances, 01'  where  violent  action  and  extensive  chariingoccurs (involving, 
say,  complete  dissociation  of  two  or  more  portions  of  a  molecule  simul- 
taneously), may  result  in  interchange  of  groups  not  in  y-positions,  as 
in  B.  Such  changes,  therefore,  should  be  as  far  as  possible  excluded 
in  the  consideration  of  the  applicability  of  the  foregoing  generalisation. 

It  appears  likely  that  the  use  of  the  generalisation  here  advanced 
will  be  of  value  in  connecting  a  large  number  of  apparently  in- 
dependent types  of  change,  and  that  its  employment  may  serve  as  a 
means  of  elucidating  the  course  of  many  changes  hitherto  regarded 
as  extraordinary  or  obscure.  Further,  it  may  appropriately  be 
pointed  out  that  some  supposed  instances  of  isomeric  change,  in- 
compatible with  this  generalisation,  have  recently  been  disproved 
by  Victor  Meyer  and  his  collaboiateurs. 

In  conclusion,  I  beg  to  thank  Dr.  Collie  and  Dr.  Kipping  for  much 
kindly  criticism  and  advice  during  the  elaboration  of  this  paper. 


XLVIIL — Tlic  Carhohydrates  of  Barley  Straw. 

By  C.  F.  Cross,  E.  J.  Bevan,  and  Claude  Smith. 

In  the  summer  season  of  1897,  we  have  carried  out  the  investiga- 
tions suggested  by  the  results  of  our  previous  work,  namely,  a 
comparison  of  the  stem-tissues  of  the  plant  grown  (1)  under  normal 
conditions,  with  that  grown  (2)  under  the  abnormal  condition 
induced  by  removing  the  ears  when  in  full  flower.  The  plants  were 
cut  at  the  usual  harvest  period,  the  ripe  ears  were  removed  from  the 
former,  and  the  stem-tissues  of  both  were  investigated  by  the  methods 
previously  described.  It  is  hardly  necessary  to  premise  that  the 
experimental  plots  were  selected  so  that  all  other  conditions  of 
growth  may  be  considered  as  having  been  equal,  and  therefore  that 
the  only  variant  is  the  suppression,  in  the  case  of  (2),  of  the  seed- 
bearing  organs.  The  result  of  this  variation,  in  regard  to  the  most 
important  of  the  factors  under  investigation,  was  mainly  negative ; 
the  proportion  of  carbohydrates  yielding  furfuraldehyde  ('  furfuroids  ') 
to  total  carbohydrates  was  not  aifected,  neither  was  the  relative 
resistance  of  the  two  main  groups  of  carbohydrates  to  hydrolysis  with 
alkalis. 

*  For  these  iuvestigatious,  we  were  again  able  to  avail  ourselves  of  the  experimeutal 
barley  plots  of  the  Crawley  Mill  Farm  of  the  Royal  Agricultural  Society. 
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On  the  other  hantl,  the  plant,  with  its  energies  relieved  of  the 
work  of  producing  seed,  made  but  little  advance  towards  maturation  ; 
the  'cellulose'  and  'permanent  tissue'  constants,  remained  very 
much  as  at  the  flowering  period,  and  correlatively  the  stem-tissues 
contained  a  larger  proportion  of  carbohydrates  capable  of  yielding  to 
hydrolysis  with  acid  and  alkali. 

In  reference  to  the  comparative  external  features  of  the  growth  of 
the  plant  in  the  experimental  plots,  the  following  are  the  notes 
supplied  to  us  by  Mr.  J.  J.  Forrester,  the  manager  of  the  Royal  Agri- 
cultui'al  Society's  farm,  who  kindly  undertook  the  control  of  the 
cultivation  experiments.  "The  general  tendency  on  the  plots  when 
the  ears  were  clipped  was  to  throw  up  fresh  shoots  at  the  bottom.  .  .  . 
All  the  plants  from  which  the  ears  had  been  removed  developed  a 
striking  rigidity  in  the  stem,  and  gradually  assumed  a  somewhat 
withered  appearance.  .  .  .  These  did  not  ripen  so  fast  as  those 
growing  under  normal  conditions,  and  at  the  time  of  cutting  were 
distinctly  greener  than  the  others." 

The  following  are  the  results  of  the  laboratory  investigation  of  the 

stem-tissues,  harvested  as  described. 

riants  grown    Plants  grown  with 
normally.  ears  removed. 

Total  dry  matter    86-0  83-0 

,,      nitrogen    0'6  0  9 

„      mineral  matter  (ash)  8-7  6'0 

„      furfuraldehyde 13-9  13-2 

,,      "  permanent  tissue  "  61  "6  53 "5 

Furfuraldehyde  from  "permanent  tissue"  16-0  15-0 

Residue  from  alkali  hydrolysis    50*9  42'6 

Cellulose     43-3  33-0 

Residue  from  acid  hydrolysis 54'1  48*9 

Furfuraldehyde  from  above  residue     ...  5*7  5"9 

The  products  of  hydrolysis  by  acid  were  subjected  to  fermentation 
with  yeast  in  neutralised  solution  ;  the  cupric  re<luction  and  furfural 
constants  wei'e  determined  before  and  after  fermentation,  the  numbers 
being  calculated  to  the  original  '  organic '  solids  of  the  solutions. 
The  following  results  were  obtained. 

Acid  Extract  from  I'laiUs  of  Normal  (Irovoth. 

Alcohol  produced,  ll'l  per  cent. 

linfore.         After  fermentation. 
Cupric  reduction  (dextrose  =  100)         86-8  49-6 

Furfuraldehyde  24'7  per  cent.  16-9  percent. 
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Acid  Extract  from  Plants  of  Abnormal  Growth. 

Alcohol  produced,  18'9  per  cent. 

Before.         After  fermentation. 
Cupric  reduction  (dextrose  =  100)  83"3  45*0 

Furf uraldehyde    22*4  per  cent.  1 7*0  per  cent. 

The  only  point  of  difference  to  be  noted  is  the  increased  production 
of  alcohol  in  the  second  case. 

In  all  those  constants  which  define  the  relationship  of  the  furfuroids 
to  the  hexose-carbohydrates  of  the  plant,  no  differences  of  any 
moment  are  observable. 

In  those  constants  which  define  to  a  certain  extent  the  secondary 
changes  summed  up  as  '  maturation,'  which  consist,  in  large  measure, 
of  condensation  changes  with  production  of  the  more  resistant  forms 
of  tissue-carbohydrates,  the  laboratory  investigation  confirms  the 
observations  of  the  agriculturist  in  regard  to  the  history  of  the 
growth  of  the  plants ;  the  '  ripening '  of  the  stem-tissue  was  largely 
arrested  by  the  suppression  of  the  seminal  function,  and  the  chemical 
results  of  this  are  that  the  carbohydrates  remain  in  a  more  digestible 
condition,  that  is,  a  larger  proportion  are  in  the  condition  to  yield  to 
hydrolytic  action ;  we  may  also  note  that  the  non-depletion  of  the 
stem  as  regards  nitrogenous  constituents  is  shown  in  the  higher 
proportion  (50  per  cent.)  of  total  nitrogen. 

It  will  be  remembered  that  the  original  purpose  of  these  investiga- 
tions was  to  obtain  evidence  as  to  the  conditions  of  formation  of 
furfuroids  in  the  plant.  We  have  already  studied  the  plant  under 
the  widest  range  of  variations  of  conditions  of  growth  as  regards  soil, 
nutrition,  and  climate,  and  now  we  have  added  the  effect  of  varying  an 
essential  physiological  factor.  In  no  case  have  we  found  any  differ- 
entiation of  the  furfuroids  from  the  hexose  carbohydrates,  such  as  to 
warrant  the  conclusion  that  they  are  formed  from  the  latter  by  external 
chemical  change  (oxidation)  ;  or,  to  express  the  conclusion  in  positive 
terms,  we  find  that  the  furfuroids  rank  with  the  hexose  carbohydrates 
as  primary  products  of  assimilation.  We  are  here  confronted  with  a 
critical  difficulty.  The  furfuroids  of  the  cereal  straws  in  their  mature 
condition  are  undoubtedly  (condensed)  aldoses,  and  either  pentoses  or  pen- 
tose dei'ivatives.  But  an  accumulation  of  physiological  evidence  has 
established  that  the  pentoses  do  not  rank  with  the  hexoses  in  relation 
to  assimilation,  or  to  the  constructional  metabolism  of  the  plant. 
The  pentoses,  unlike  the  hexoses,  do  not  occur  as  such  in  the  plant ; 
the  current  theories  as  to  the  mechanism  of  the  formation  of  carbo- 
hydrates in  the  growing  cell   also  exclvide  any  products  intermediate 


4G2  THE  CARBOHYDKATES   OF   BARLEY   STRAW. 

between  those  of  the  dimensions  C3  and  C^,.  In  our  researches,  we  have 
given  weight  to  this  apparent  conflict  of  evidence,  and  have  searched 
for  such  evidence  (1)  as  would  differentiate  the  furfuroids  of  the 
cereal  straws  from  the  pentoses  proper  (or  pentosans),  (2)  as  would 
indicate  a  transition  from  the  hexose  to  the  pentose  series.  In  both 
directions,  we  have  arrived  at  results,  but  as  these  have  been  fully- 
stated  in  our  previous  communications,  it  is  needless  to  reproduce  the 
evidence  in  detail  here,  especially  as  much  fuller  investigation  is 
needed  before  the  matter  can  be  considered  as  finally  settled. 

On  one  point,  however,  we  have  some  fresh  evidence  confirmatory  of 
that  recorded  in  our  previous  communication  (Trans,,  1896,  69, 
1604).  Whereas,  under  all  conditions  of  hydrolysis  by  alkali,  the 
two  groups  of  carbohydrates  are  equally  attacked,  the  same  pro- 
portion between  tliom  being  maintained  in  the  residue  of  severe 
alkali  treatment  (cellulose),  as  in  the  intermediate  stages,  the  attack 
by  acids  is  more  selective.  This  will  be  apparent  at  once  from  the 
results  obtained  with  barley  of  1807,  taken  (a)  in  the  flowering  stage 
and  (b)  after  harvesting. 

The  conditions  of  acid  treatment  were  as  follows.  Two  hours  boiling 
with  dilute  sulphuric  acid  (10  per  cent.  H.,SO^)  under  ordinary  at- 
mospheric pressure.  The  furfuraldehyde  in  the  dissolved  products  was 
estimated  and  calculated  to  the  '  total  organic  matter '  in  solution. 
Whereas  in  (a)  the  proportion  was  12-3  per  cent.,  in  (b)  it 
amounted  to  33  per  cent,  (average  number  for  the  two  ci-ops).  Now 
the  number  for  (a)  differs  but  little  from  that  of  the  entire  plant 
substance  (10  per  cent.) ;  in  other  words,  in  the  earlier  stages  of 
growth,  the  two  groups  of  carbohydrates  are  equally  attacked  by  acids. 
In  (h),  on  the  other  hand,  the  furfuroids  are  attacked  by  pi'eference ; 
and  in  our  previous  papers  we  have  dealt  with  a  number  of  cases,  where, 
with  furfural  numbers  at  40 — 50  per  cent,  of  the  dissolved  solids,  the 
attack  by  acid  hydrolysis  is  more  exclusively  confined  to  the  furfuroids. 
These  results  indicate  tliat  the  furfuroids  undergo  some  constitutional 
change  with  age  l)y  wliicli  thoy  are  differentiated  from  the  hexose 
groups  with  which  they  are  associated  in  intimate  union.  This  fact  is 
emphasised  by  the  results  of  alcoholic  fermentation.  It  is  now  vvell 
established  that  the  pentoses  are  not  fermented  by  yeast.  In  our 
last  paper,  wc  dealt  v/ith  the  causes  of  a  disappearance  of  pentoses  in 
the  fermentation  of  mixtures  of  pentoses  and  hexoses,  under  certain 
conditions  of  the  action  of  the  yeast  coll ;  we  found  tliat  this  occurred 
when  thei'C  was  a  relative  starvation  of  the  latter,  but  not  when  the 
fermentation  was  vigorous  and  rapid. 

Tho  results  given  below  of  the  fermentation  of  the  acid  ex- 
tract   (after    neutralisation)    of    the    immature    plant    («),    must   be 
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compared  with  those  previously  recorded  (see  above)  for  the  matured 
plants. 

Alcohol  produced,  19'4  per  ceut. 

Before.         After  fermentation. 
Ciipric  reduction  (dextrose  =100)         49-6  Q-OO 

Furfuraldehyde    12-3  per  cent.   2-9  per  cent. 

Tlie  fermentation  in  this  case  was  complete  so  far  as  regards  the 
fully  hydrolysed  molecules ;  and  the  small  proportion  of  residual 
furfuroids  which  are  present  in  the  still  condensed  form  cannot  l)e  set 
down  to  resistance  to  the  attack  of  the  organism.  Moreover,  as  the 
proportion  of  furfuroids  to  total  carbohydrates  was  relatively  low,  the 
disappearance  of  77  per  cent,  during  fermentation  is  the  more  note- 
worthy. 

These  results  add  further  confirmation  to  the  conclusion  that  a 
constitutional  change  of  the  furfuroids  accompanies  maturation ;  a 
change  from  that  of  a  furfural-yielding  carbohydrate  susceptible  of 
fermentation  by  yeast  to  that  of  a  pentose  or  pentosan.  We  have  no 
evidence  that  this  change  is  influenced  by  external  conditions  of  growth, 
and  there  is  nothing  to  show  that  the  change  is  one  of  oxidation  from 
without. 

The  only  hypothesis  we  have  so  far  found  to  be  consistent  with  all 
the  evidence  is  that  of  an  internal  constitutional  change,  the  terminal 
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I     2  groups  of  a  hexose   being  rearranged  with   formation  of  a 
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carbonyl  group,  that  is,  a  process  of  internal  oxidation.  We  have 
not  yet  sufficient  positive  evidence  to  take  this  suggested  explanation 
out  of  the  region  of  hypothesis  ;  but  our  investigations  in  this  direction 
are  being  continued,  and  we  hope  in  a  short  time  to  communicate  the 
results  of  a  comprehensive  study  of  the  interaction  of  the  hexoses  with 
hydrogen  peroxide,  bearing  directly  on  the  questions  herein  discussed. 
We  wish  to  again  express  our  obligations  to  Messrs.  A.  and  E. 
Voelcker,  whose  laboratory  has  been  at  our  disposal  for  the  conduct  of 
the  chemical  work  ;  and  to  Mr.  Forrester  for  his  kind  co-operation  in 
the  cultivation  experiments. 


XLIX. — Reactions  of  the  Carhohi/d rates  ivith  Hydrogen 

Peroxide. 

By  0.  F.  Cross,  E.  J.  Bevan,  and  Claude  Smith. 

However  obvious  it  may  appear  that  the  simpler  carbohydrates  would 
react  with  hydrogen  peroxide  under  certain  conditions,  the  matter  has 
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been  l)ut  little  investigated.  The  only  reference  we  can  find  dealing 
specifically  with  the  subject  is  contained  in  a  paper  by  0.  Wurster 
{Ber.,  1887,  20,  2631),  where  the  question  of  reaction  is  dismissed 
with  the  negative  remark  that  glucose  and  cane-sugar  are  compara- 
tively resistant  to  the  action  of  the  peroxide. 

The  recent  series  of  researches  of  H.  J.  H,  Fenton  on  the  oxidation 
of  tartaric  acid  by  hydrogen  peroxide  has  disclosed  several  points  of 
especial  interest  in  regard  to  the  mode  of  action  of  the  latter,  more 
particularly  the  oxidation  of  the  residue  -CH(OH)-CH(OH)-  to 
-C(OH)IC(OH)-,  and  the  dependence  of  this  oxidation  on  the  presence 
of  soluble  iron  compounds  (Trans.,  1894,  Qb,  899;  1895,  67,  48; 
1896,  69,  546),  and  the  results  certainly  suggest  fruitful  extension  of 
the  method  to  other  hydroxy-compounds.  In  correspondence  with 
Mr.  Fenton,  we  undertook  the  preliminary  investigation  of  the  beha- 
viour of  typical  carbohydrates  with  the  peroxide  under  similar  condi- 
tions of  treatment,  and  the  results  of  our  observations  are  here  brieBy 
recorded. 

It  is  recognised  by  chemists  on  general  grounds,  as  it  is  more  posi- 
tively held  by  physiologists,  that  the  carbohydrates  are  oxidised  in  the 
living  cell  by  processes  of  varying  intensity  ;  but  it  must  be  admitted 
that  very  little  direct  light  has  yet  been  thrown  on  the  actual  mecha- 
nism of  such  processes.  Our  laboratory  processes  of  oxidation  are  of 
two  kinds,  namely,  '  constructive '  oxidations  of  the  hexoees  to 
monocarboxylic  acids  (by  bromine)  and  dicarboxylic  acids  (by  nitric 
acid),  and  destructive  oxidations  to  products  of  lower  molecular  weight, 
for  instance,  by  alkaline  cupric  oxide,  permanganates,  and  hypo- 
chlorites. The  latter  are  so  complex  in  character  that  they  at  present 
occupy  only  a  subordinate  place  in  the  systematic  investigation  of 
constitutional  problems,  neither  are  such  methods  calculated  to  directly 
elucidate  physiological  problems. 

Oxidations  of  the  hexoses  by  hydrogen  peroxide,  on  the  other  hand, 
such  as  we  are  about  to  describe,  are  of  the  kind  which  may  be  fairly 
presumed  to  take  place  in  the  plant ;  for  although  the  existence  of 
this  particular  '  kathoxide '  in  the  plant  cell  may  be  difficult  of  proof 
by  application  of  the  ordinary  reagents,  it  is  generally  admitted  that 
the  *  active  oxygen '  of  the  cell  must  in  part  at  least  take  this  form 
(A.  Bach,  Compt.  rend.,  1894,  119,  286). 

The  dependence  of  such  oxidations  on  a  particular  third  substance, 
acting  simultaneously,  has  not  been  assumed,  nor,  so  far  as  we  know, 
surmised  by  physiologists.  As  we  are  now  able  to  show  that  iron 
salts  have  a  specific  infiuenoo  in  exciting  or  determining  these  oxida- 
tions, these  investigations  involve  direct  inquiry  into  the  functions  of 
the  inorganic  or  a.sh  constituents  of  plants.  It  must  be  admitted 
that  the  enormous  accumulation  of  facts  in  this  province,  in  the  form 
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of  analytical  results,  has  as  yet  but  little  other  than  a  general  signifi- 
cance to  the  physiologist.  It  would  appear  that  the  inorganic  salts 
must  directly  affect  the  many  processes  of  hydrolysis  and  condensation 
going  on  in  the  plant ;  but  their  influence  as  determining  or  modifying 
oxidising  actions,  in  wliich  from  their  nature  they  can  only  play  the 
subordinate  part  of  "  catalysts,"  is  hardly  to  be  predicted  on  such 
definite  grounds  as  "  the  nature  of  things."  There  may,  perhaps,  be 
some  suggestions,  in  the  nature  of  the  iron  salts,  of  the  mechanism  of 
their  action  as  the  tertium  quid  in  effects  of  oxidation  ;  and  this 
matter  is  dealt  with  by  Mr.  Fenton  in  a  note  communicated  simulta- 
neously with  this  paper.  But  similar  reasons  could  not  obtain  for  a 
compound  such,  for  example,  as  phosphoric  acid.  And  yet  it  has  been 
already  observed,  as  an  "  extraordinary  circumstance,"  that  in  the 
oxidation  of  acetone  by  hydrogen  peroxide  (to  the  *  cycloacetone  per- 
oxide'), a  small  quantity  of  phosphoric  acid  determines  the  reaction, 
which  does  not  take  place  with  the  pure  reagents  (Wolffenstein, 
Ber,,  1895,  28,  2267).  A  reaction  of  this  kind  had  no  obvious  bearing 
on  physiological  problems ;  but  in  connection  with  the  subject  of  this 
paper,  it  is  a  significant  extension  of  the  probabilities  under  discussion. 

One  other  consideration  we  have  to  note  by  way  of  prelude  to  a 
brief  account  of  the  experimental  results  which  we  have  obtained. 
These  investigations  arise  out  of  our  continuous  search  for  a  solution 
of  the  problems  of  the  origin  in  the  plant  of  (1)  the  lignocelluloses, 
and  (2)  the  carbohydrates  yielding  furfuraldehyde.  As  a  working 
hypothesis,  it  has  been  assumed  that  both  groups  of  tissue  constituents 
are  formed  from  the  normal  carbohydrates.  This  hypothesis,  taken 
together  with  the  assumption  that  "  the  plant  can  do  everything,"  has 
been,  and  is,  a  very  unsatisfying  resting  place.  It  must  be  admitted 
that  the  systematic  study  of  the  carbohydrates,  notwithstanding  its 
I'apid  advance,  has  not  afforded  any  suggestion  as  to  the  actual 
mechanism  of  such  transformations.  Fenton's  researches  coming  at  a 
time  when  we  had  exhausted  the  more  obvious  directions  of  indirect 
inquiry,  imported  entirely  new  suggestions  ;  the  first  of  which  is  that, 
as  in  the  dicarboxylic  hydroxy-acids,  so  in  the  carbohydrates,  there  is 
a  direct  passage  to  unsaturated  compounds  by  way  of  oxidising  pi'o- 
cesses.  To  prove  this  suggestion,  and  to  open  out  these  physiological 
problems  from  the  more  positive  chemical  standpoint,  has  been  our 
first  and  main  purpose. 

This  being  merely  a  preliminary  communication,  we  shall  limit  it  to 
a  brief  explanation  of  the  purpose  and  aims  of  tiie  investigation,  and 
an  equally  brief  account  of  the  experimental  results  so  far  obtained. 

In  some  respects,  the  most  striking  result  is  the  verification  of 
Wurster's  statement  as  to  the  comparative  resistence  of  the  hexoses 
(and  cane-sugar)  to  the  action   of   hydrogen  peroxide,  with  the  exten- 


4GG  CROSS,   BEVAN,    AND   SMITH  :    KEACTIONS   OF   THE 

sion  of  Fenton's  observation  that  the  equilil)riuiii  is  upset  by  the 
ailditiou  of  ferrous  salts  iu  sucli  small  proportiuu  as  1/lUOOO  (Fe")  of 
the  weight  of  the  solution.  This  has  been  repeatedly  verified.  The 
obvious  methods  of  noting  equilibrium  under  the  former  condition  are 
(1)  absence  of  any  change  of  temperature  ;  (2)  no  change  of  rotation  ; 
(3)  survival  of  the  peroxide  after  prolonged  contact.  The  addition  of 
a  ferrous  salt — we  have  usually  employed  the  sulphate — is  followed  by 
changes  in  all  three  directions.  Unfortunately,  owing  to  the  turbidity 
occasioned  by  the  addition  of  the  iron  salt,  the  intermediate  stages  of 
the  reaction  cannot  be  followed  by  polarimetric  observation.  The  rise 
of  temperatux-e  and  disappeai'ance  of  the  peroxide  are  proportional  in 
rate  and  degree  to  the  concentration  of  the  solutions. 

With  4  per  cent,  solutions  of  the  carbohydrates,  and  the  peroxide 
sufficient  to  supply  1  atom  of  oxidising  0  per  molecule  (C^HjoOg),  a 
rise  of  temperature  from  15°  to  30°  takes  place  in  a  period  of  1 — 2 
hours  ;  with  10  per  cent,  solutions,  on  the  other  hand,  the  proportions 
of  the  reagents  otherwise  remaining  the  same,  the  temperature  will 
rise  to  50 — 60° ;  in  the  latter  case,  there  is  considerable  evolution  of 
gas.  By  comparing  these  effects  with  those  obtained  with  the  per- 
oxide and  iron  salt  alone,  that  is,  in  absence  of  the  carbohydrate, 
allowance  can  be  made  for  the  relatively  small  evolution  of  heat  due 
to  the  exothermic  i-esolution  of  the  peroxide  itself ;  moreover,  the 
latter  is  rapidly  completed,  and  is  accompanied  by  evolution  of  oxygen, 
whereas  in  presence  of  the  carbohydrate,  some  considerable  time 
always  elapses  before  exothermic  reaction  sets  in. 

These  effects  were  indirectly  verified  by  taking  advantage  of  the 
observation  that  by  using  only  fractional  proportions  of  the  peroxide, 
products  were  formed  which,  whilst  they  have  most  of  the  properties  of 
the  glucoses  (see  below)  resisted  fermentation. 

In  the  subjoined  series  of  experiments,  this  residue  was  determined 
in  terms  of  cupric-reducing  power,  and  calculated  to  the  original 
carbohydrate  (dextrose). 

To  25  c.c.  of  a  5  per  cent,  solution  of  dextrose  was  added  in  each 
case  20  milligrams  of  FeS0.,,7H.^0.  To  each  of  three  such  quantities, 
hydrogen  peroxide  was  added  I'epresenting  1/40  to  1/10  atom  of  oxygen 
per  mol.  of  0^11^,0^ ;  a  fourth  (l)lank)  received  none.  After  reaction, 
they  were  fermented  by  yeast,  and  the  residual  '  sugar '  determined  as 
indicated. 


Proportion  of  pcroxii 

.' 

Residual  sugar 

0  :  C«H,,,0,, 

(Calc 

.  from  CuO  reduction) 

1. 

None 

None 

2. 

1/40 

9 '2  per  cent. 

3. 

3/40 

140 

4. 

4/40 

20-0 

CARBOHYDRATES   WITH   HYDROGEN   PEROXIDE.  467 

These  results  will  be  referx-ed  to  subscquentl}'',  as  they  liave  a  bearing 
on  the  theoretical  aspect  of  the  reactions. 

We  shall  not  further  discuss  this  side  of  the  reaction.  It  is 
sufticiently  proved  that  some  third  substance  is  necessary  to  determine 
reaction,  and  that  iron  salts  have  this  function  is  a  point  which  may 
be  emphasised  from  its  obvious  physiological  significance.  Other  com- 
pounds will  no  doubt  be  found  which  exert  a  similar  influence,  and  it  is 
quite  probable  that,  corresponding  with  differences  in  chemical  function, 
we  may  be  able  to  establish  specific  differences  in  regard  to  the  pro- 
ducts formed  in  the  reactions ;  this  will  be  more  clearly  seen  when  the 
nature  of  the  products  and  of  the  reaction  has  been  more  closely  des- 
cribed. Operating  in  dilute  solutions  (4  per  cent,  of  the  hexoses),  we 
may  premise  that  there  is  very  little  effervescence  or  other  indication 
of  destructive  oxidation,  and  after  making  comparative  experiments  at 
0 — 4°,  we  find  the  ordinary  atmospheric  temperature  to  be  the  most 
favourable  for  the  purpose.  The  proportion  of  iron  (Fe)  taken  is 
usually  1/10000  the  weight  of  the  solution  and  in  the  form  of  ferrous 
sulphate.  The  peroxide  is  added  gradually,  and  in  proportion  calcu- 
lated to,  say,  1  atom  of  '  oxidising  oxygen '  to  each  mol.  of  G^'ii-^^0^^, 
that  is,  about  9  per  cent,  by  weight. 

After  the  reaction  is  complete  and  the  peroxide  has  entii'ely  dis- 
appeared, the  yellowish-brown  solution  is  acid  to  the  taste.  The 
following  numerical  results  obtained  with  a  dextrose  solution  (4  per 
cent.),  treated  under  the  conditions  above  specified,  will  give  a  genei'al 
idea  of  the  products  of  the  reaction. 

Total   'organic'   solids   (dried  at   105°),   87'7   per  cent,  of  original. 

Acidity,  equal  to  1/5  normal  acid. 

CuO  reduction  (calc.  to  organic  solids),  96-5  (dextrose  =100). 

Sp.  rotation,  [a]u  =  33-8°. 

Furfuraldehyde,  3"75  per  cent. 

Reaction  with  fhenylliydrazine  acetate  takes  place  in  the  cold,  the 
products  having  all  the  characteristics  of  the  osazones.  The  yield  of 
insoluble  osazone  in  this  case  was  14  per  cent,  of  the  weight  of  the 
original  dextrose.  After  recrystallisation  from  dilute  alcohol,  it  melted 
at  194°,  and  on  combustion  yielded  N=19"8  per  cent.  The  filtrate 
from  the  osazone  thus  formed  in  the  cold,  and  containing  a  calculated 
excess  of  phenylhydrazine,  gave  only  a  slight  further  precipitate  on 
heating  at  100°. 

It  would  appear,  therefore,  that  the  original  solution  contained  but 
little  residual  dexti"ose.  After  boiling  with  hydrochloric  acid  (added 
to  the  proportion  of  15  per  cent.  HCl),  the  cupric  reduction  was  in  effect 
lowered  from  96  to  5*7  (dextrose  =  100).  We  will  deal  at  once  with  a 
suggestion  which  obviously  arises  from  these  numbers,  namely,  that 
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the  characteristic  products  which  react  with  the  phenylhydrazine  in  the 
cold  are  of  the  type  of  glucosouc  (or  oxygluco.se). 

The  solution  was  treated  with  zinc  and  acetic  acid,  and  tlie  reducing 
action  allowed  to  continue  some  hours ;  the  cupric  reduction  was 
thereby  but  little  affected,  falling  from  96-5  to  95  4.  The  solution 
still  gave  the  osazone  in  the  cold,  but  the  yield  was  reduced  from  14  to 
6'4.  After  hydrolysing,  however,  by  boiling  with  sulphuric  acid 
(2  per  cent.,  H,,S04),  the  original  yield  of  14  per  cent,  was  obtained, 
and  the  compound  formed  had  the  same  properties.  The  products  are 
by  these  properties  differentiated  from  the  '  osones.' 

Tlie  above  constants  are  sufficiently  definite  as  a  basis  for  a 
preliminary  investigation  of  the  nature  of  the  reactions.  Thus  it  might 
be  presumed  that,  in  the  event  of  oxidation  occurring  in  the  case  of  an 
aldose,  the  first  point  to  be  attacked  would  be  the  terminal  aldehydic 
group.  The  numbers  above  cited  are  suflicient  to  show  that,  although 
profound  changes  have  been  determined,  they  are  not  at  all  of  the 
order  of  such  simple  oxidation.  These  numbers,  representing  the 
effects  due  to  1  atom  of  oxygen,  serving  as  a  basis  of  comparison, 
experiments  were  made  with  2,  3,  and  4  atoms  of  oxygen,  and  on 
comparing  the  constants  it  was  found  that  the  effects  pi'oduced  were 
by  no  means  proportional  to  the  amount  of  oxygen.  Thus  the  follow- 
ing constants  were  determined  in  the  solution  obtained  by  treating 
the  aldose  with  2  atoms  0(as  HgO^),  all  other  conditions  remaining 
the  same. 

Total  organic  solids,  85 '5  of  original. 

Acidity  equal  to  1/5  normal  acid. 

CuO  reduction  (calc.  to  organic  solids),  86  5  (dextrose  =  100). 

Sp.  rotation,  [a]D=16'5°. 

Furfuraldehyde,  3"75  per  cent. 

Osazone  (in  the  cold),  yield  22 -G  per  cent. 

The  additional  quantities  of  oxygen  failing  to  produce  proportional 
effects,  it  was  concluded  that  the  characteristic  products  which  react 
with  phenylhydrazine  in  the  cold,  and  also  reduce  Fehling's  solution 
powerfully  in  tlic  cold,  although  highly  reactive  substances,  will  resist 
the  action  of  certain  oxidising  agents.  We  found,  in  fact,  that  they  were 
not  oxidised  even  by  prolonged  treatment  with  bromine,  although  some 
bromine  is  taken  up  and  hydrogen  bromide  produced ;  calculating 
this  to  oxygen,  it  amounts  on  the  average  to  5 — 7  per  cent,  of  the 
weiglit  of  tlie  original  carbohydrate,  that  is,  about  A  an  atom  of  oxygen, 
but  the  cupric  reduction  is  lowered  not  more  than  20 — 25  per  cent, 
and  the  solutions  still  give  the  characteristic  reactions  with  phenyl- 
hydrazine.  Even  on  warming  with  bromine,  the  oxidation  is  not 
carried  much  farther. 
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As  regards  the  most  characteristic  of  the  products,  therefore,  the 
results  bear  no  direct  proportion  to  the  amount  of  the  oxidising  agent 
employed,  and  that  is,  to  a  certain  extent,  explained  by  the  points 
of  divergence  in  properties  between  these  products  and  the  normal 
carbohydrates. 

When  proportions  less  than  the  1  atom  of  oxygen  were  used,  the 
results  still  failed  to  show  any  quantitative  sequence  downwards. 

Our  friend.  Dr.  E.  S.  Morrell,  was  kind  enough  to  carry  out  an 
experiment  for  us  in  which  40  grams  of  dextrose  were  treated  with  the 
peroxide  in  the  proportion  of  1/10  atom  of  'oxidising  oxygen'  per  mol. 
of  CqHjoOo.  We  were  anxious  to  have  our  results  confirmed  by  an 
independent  observer,  and  Dr.  Morrell's  experience  in  Professor 
Fischer's  laboratory  adds  value  to  the  confirmation.  He  obtained  from 
the  products  of  the  reaction  8  gi-ams  of  the  osazone  formed  in  the  cold, 
that  is,  a  yield  similar  to  that  which  we  obtained  when  using  twenty 
times  this  proportion  of  oxidising  oxygen.  In  fractionating  the  osazone, 
he  also  confirmed  our  results  in  regard  to  its  being  a  mixture  of  two 
compounds  or  groups  of  compounds. 

(a)  Soluble  in  hot  water,  m.  p.  130°. 

(&)  Relatively  insoluble,  m.  p.  185°. 

If,  in  place  of  regarding  these  effects  as  an  oxidation  of  40  grams  of 
the  hexose  by  the  peroxide  in  the  proportion  of  1/10  atom  of  oxygen, 
we  interpret  it  as  resulting  from  the  attack  of  4  grams  by  1  atom  of 
oxygen  per  1  mol.  of  CgHjgOg,  the  effects  are  not  accounted  for ;  but 
such  an  interpi'etation  is  excluded  by  an  examination  of  the  whole 
series  of  results. 

We  have  now  to  show  how  far  the  reaction  is  elucidated  by  the 
other  products,  which  have,  so  far,  only  appeared  in  statistical  results. 

The  Furfural-yielding  Gomjwunds 

have  not  been  isolated.  It  is  probable  that  the  furfuraldehyde  obtained 
on  boiling  with  hydrochloric  acid  results  from  a  complex  decomposi- 
tion of  the  characteristic  ketonic  products,  for,  like  these,  the  parent 
'  furfuroid,'  is  not  oxidised  by  bromine,  neither  is  it  separated 
amongst  the  acid  products  about  to  be  described.  We  have,  therefore, 
nothing  to  identify  it  with  the  better  known  furfuroids,  that  is,  with 
the  pentoses,  on  the  one  hand,  and  glycuronic  acid  on  the  other.  The 
formation  of  a  furfural-yielding  group  is  of  some  physiological  signifi 
cance,  for  the  reasons  given  in  the  earlier  part  of  this  paper. 

Acid  Products. 

The  most  characteristic  of  these  is  a  substance  which  is  precipitated 
as  a  lead  salt  in  presence  of  acetic  acid.     The  salt  thus  obtained  has 
VOL.  LXXIII.  I  I 
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been  analysed  several  times  after  recrystallisation  from  highly  dilute 
nitric  acid,  and  the  numbers  obtained  correspond  with  those  for  the 
lead  salt  of  tartronic  acid.  The  yield  has  also  been  several  times 
estimated,  the  numbers  indicating  from  7  to  10  per  cent,  of  the  acid 
calculated  to  the  original  carbohydrate. 

In  addition  to  this  dicarboxylic  acid,  monobasic  acids  are  separated 
in  some  quantity  on  distilling  the  solutions.  Estimated  in  terms  of 
normal  alkali  by  comparison  with  the  acidity  of  the  original  solutions, 
the  volatile  acids  amount  to  about  one-half. 

By  redistillation  after  oxidation  with  neutral  permanganate,  these 
were  resolved  into  acetic  acid,  resisting  the  oxidation,  and  formic  acid 
oxidised.  The  quantities  calculated  to  the  original  carbohydrates 
vary  from  3 — 7  per  cent,  of  acetic  and  13 — 18  per  cent,  of  formic 
acid. 

The  loss  of  volatile  acids  on  evaporating  the  solution  appears  to 
correspond  with  the  deficiency  in  the  '  total  solids '  after  reaction ; 
but  this  point  need  not  be  pressed  too  closely,  as  it  has  not  been  ascer- 
tained what  dehydration  the  ketonic  products  undergo  by  '  drying ' 
at  105°.  These  statistical  numbers,  however,  generally  confirm  the 
observation  that  the  reactions,  under  the  usual  conditions,  are  not 
marked  by  destructive  oxidation  (to  COg). 

It  is,  of  course,  to  the  acid  products  that  we  first  look  in  summing 
up  ti)C  results  to  a  quantitative  account  of  the  reactions.  The  acidity 
of  the  oxidised  solutions,  as  originally  obtained  and  determined  by 
direct  titration,  is  approximately  accounted  for  in  terms  of  the  two 
groups  of  acids  estimated  as  stated  ;  there  appears  to  be  no  subsequent 
production  of  volatile  acids  by  changes  in  the  products  during  the 
distillation.  On  the  first  obvious  assumption  that  the  COOH-groups 
are  produced  from  the  COH-groups  of  the  aldose,  we  find  in  many 
cases  that,  although  this  accounts  for  all  the  oxygen  added  as  IlgO.,,  it 
leaves  us  with  GO — 70  per  cent,  of  the  carbonyl  oxygen  of  the  original 
hexose,  measured  in  terms  of  cupric  reduction,  and  confirmed  by  the 
reactions  with  phenylhydrazine. 

It  appears,  therefore,  from  tliis  preliminaiy  survey  of  the  pi'oducts 
that  the  reactions  ax-e  not  of  such  '  obvious  '  simplicity,  but  are  com- 
plicated by  internal  rearrangement  of  the  hexose  molecule  ;  a  con- 
clusion which  appears  necessary  to  explain  the  results  of  the  fermenta- 
tion experiments  described  in  the  earlier  part  of  this  paper.  This 
conclusion  is  confirmed  by  the  observation  that  the  solutions  give  a 
pronounced  iodoform  i-eaction,  as  do  also  the  acid  distillates.  We  have 
not  as  yet  further  identified  the  methylated  derivatives  thus  shown  to 
bo  foriiiod  ;  their  production  is  a  sulficient  index  of  the  factor  of 
rearrangement  which  has  to  be  taken  into  account. 

Before  dealing  finally  with  the  issues  raised  by  the  empirical  study 


CARBOHYDRATES   WITH   HYDROGEN   PEROXIDE.  471 

of  the  *  constants  '  of  the  reactions,  we  have  to  contrast  with  the 
above  the  results  obtained  with  levulose  and  cane-sugar. 

The  solutions  obtained  from  the  ketose  have  generally  the  same 
characteristics  as  those  from  the  aldose,  but  with  the  following  specific 
and  noteworthy  difference  :  furjuroids  are  not  formed,^  the  solutions 
giving  traces  only  of  f urf uraldehyde,  the  total  acidity  of  the  solutions  is 
less,  and  the  dicarboxylic  acid  is  proportionally  small  in  amount  and 
appears  to  be  an  acid  of  higher  molecular  weight.  On  the  other  hand, 
the  cupric  reduction  is  relatively  high,  and  the  yield  of  osazone  in 
the  cold  is  also  high,  exceeding,  in  many  cases,  50  per  cent,  of  the 
weight  of  the  solids  in  solution. 

The  following  observations  on  the  osazone  obtained  from  the  hexose, 
treated  with  1  atom  of  oxygen,  as  HgO^,  are  of  interest.  As  obtained 
from  the  original  solution,  the  osazone  melted  at  195°.  A.fter  pro- 
longed digestion  with  excess  of  bromine  and  removal  of  the  bromine, 
the  solution  gave  the  same  osazone  in  the  cold.  On  combustion,  it 
gave  N  =  IG'5  per  cent. 

Treatment  of  the  original  solution  with  zinc  and  acetic  acid 
(examination  for  '  osones ')  affected  the  cupric  reduction  somewhat 
(10  per  cent.),  and  lowei-ed  the  yield  of  the  chai^acteristic  osazone  from 
30  per  cent,  to  10  per  cent,  ;  but  after  hydrolysing  by  boiling  with 
sulphuric  acid  (2  per  cent.  H2SOJ,  the  yield  of  the  osazone  was  doubled. 
These  numbers  indicate,  again,  that  the  reactions  are  complicated  by 
tendencies  to  condensation. 

In  general  terms,  the  results  with  the  ketose  sufficiently  resemble 
those  with  the  aldose  to  lead  to  the  conclusion  that  the  position  of  the 
typical  CO-group  does  not  exert  an  influence  such  as  it  does  in  ordinary 
processes  of  oxidation  ;  and  this  confirms  the  previous  conclusion  that 
the  reactions  of  hydrogen  peroxide  are  far  removed  from  those  of 
simple  oxidation. 

Cane-sugar  gives  us  a  third  variation  in  regard  to  the  typical 
CO-groups  of  the  original  carbohydrate,  and  as  the  results  obtained 
with  the  peroxide  under  similar  conditions  of  treatment  are  in  all 
respects  closely  similar  to  those  with  the  constituent  hexoses,  we  may 
conclude  that  hydrolysis  is  rapidly  determined.  As  regards  the  pro- 
ducts of  the  reaction,  the  results  may  be  taken  as  intermediate  between 
those  for  the  constituent  hexoses  in  those  directions  in  which 
differences  have  been  established. 

As  this  is  only  a  preliminary  communication,  we  limit  oui'selves  to 
the  statement  of  typical  quantitative  results  and  general  indications 
of  the  scope  of  the  investigation.  It  will  be  seen  that  the  main 
interest  of  the  inquiry  centres  in  the  identification  of  the  characteristic 
ketonic  px'oducts  of  the  reaction.  Were  these  products  of  a  simple 
nature,  we  should  have  made  more  progress  in  this  direction  ;    so  far, 
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we  have  been  unable  to  crystallise  them  ;  we  have  also  been  unable  to 
obtain  crystalline  acetates  or  benzoates.  On  the  other  hand,  we  have 
noted  the  evidence  of  the  tendency  of  the  products  to  condensation, 
which,  so  far,  accounts  for  the  difficulty  of  obtaining  them  in  their 
simplest  form. 

If  we  are  dealing  with  groups  of  the  form  -C(OH)IC(OH)-,  the  anti- 
cipation with  which,  on  the  basis  of  Fenton's  researches,  we  set  out, 
many  of  our  results,  both  positive  and  negative,  are  generally  explained. 
It  is  clear  that  in  the  carbohydrates  such  groups  can  be  formed  in 
two  ways :  either  from  a  -CH(OH)'OH(OH)-  residue  by  oxidation, 
or  from  the  -CO*CH(OH)-  residue  by  a  simple  transposition.  We  may 
also  note  that,  in  the  condensation  of  the  pentoses  to  furfuraldehyde, 
the  formation  of  the  aldehyde  is  usually  formulated  as  prepared  for  by 
a  similar  grouping. 

The  only  objection  in  the  way  of  these  views  as  a  working  hypothesis 
is  that  it  conflicts  somewhat  with  the  present  view  of  the  osazone 
reaction.  This  objection  will,  of  course,  have  weight  in  the  further 
prosecution  of  the  investigation,  which  will  involve  a  critical  examina- 
tion of  the  evidence  in  this  direction  ;  the  more  so  as  the  "osazone" 
reactions  which  we  have  described  are  both  novel  and  characteristic. 


L. — Properties  and  Relationships  of  Dihydroxy- 
tar^taric  Acid.   Fart  II.     Salts  of  the  Acid. 

By  Henry  J.  Horstman  Fenton,  M.A. 

Salts  of  Dihydroxy tartaric  Acid. 
Thk  only  salts  of  this  acid  which  appear  to  have  been  examined 
hitherto  are  the  sodium  salt  (Griiber,  Barth  and  Kekulc),  the  barium 
salt  (?)  (Barth),  and  the  ethylic  salt  (Auschiitz).  From  the  experi 
ments  previously  recorded  (Trans.,  1898,  73,  p.  74)  on  the  titration  of 
the  free  acid  by  alkalis,  it  is  evident  that  the  salts  are  extremely  un- 
stable in  the  presence  of  water  at  the  ordinary  temperature,  and  this 
circumstance  probably  accounts  for  certain  discrepancies  in  the  state- 
ments made  by  different  authors.  Mere  washing  with  water  at  the 
ordinary  temperature,  for  example,  would  cause  a  certain  amount  of 
decomposition  into  tartronate  and  carbon  dioxide. 

The  titration  by  permanganate  affords  a  very  convenient  method 
for  studying  the  composition  of  these  salts,  the  substance,  for  this 
purpose,  being  decomposed  by  a  large  excess  of  dilute  sulphuric  acid, 
and  titrated  with  potassium  permanganate  at  the  ordinary  tempera- 
ture (Trans.,  1898,  73,  167). 
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Potassium  Salt. 

The  formation  of  this  salt  was  first  observed  during  experiments 
on  the  volumetric  estimation  of  .sodium.  High  results  were  obtained 
when  potassium  carbonate  was  employed  for  neutralising  the  free 
dihydroxytartaric  acid  in  concentrated  solutions,  and  these  were  found 
to  be  due  to  the  separation  of  a  certain  quantity  of  the  potassium 
salt  along  with  the  sodium  salt.  The  substance  is  easily  prepared  by 
adding  a  concentrated  solution  of  pure  potassium  carbonate  *  in  slight 
excess  of  the  calculated  quantity  to  a  concentrated  solution  of  the  free 
acid  ;  both  solutions  must  be  ice  cold  before  mixing,  and  the  mixture 
is  allowed  to  stand  in  melting  ice.  The  salt,  which  soon  separates  as 
a  white,  crystalline  precipitate  on  shaking  or  stirring,  is  collected  on  a 
filter,  washed  quickly  with  ice-cold  water,  well  drained  with  aid  of  the 
pump,  and  pressed  between  changes  of  filter  paper. 

The  air-dried  salt  loses  no  weight  when  kept  for  several  days  in  a 
vacuum  desiccator. 

The  following  results  were  obtained  on  analysis. 


I.  0-3378  gave  0-2120  K.SO^. 
II.  0-4719     „     0-2974  K^SO^. 


III.  0-3924  gave  0-2470  K2SO4. 

IV.  0-4275     „     0-2687  K^SO^. 


These  four  analyses  were  made  with  distinct  specimens  pi'epared  on 
different  occasions.  Ill  was  dried  in  a  vacuum,  and  the  others 
air-dried. 

V.  0-5641  gave  0-3515  CO^  and  0-1096  HgO. 

Found. 


I.  II.         III.  IV.  Calculated  for  K.,C4H408  +  H2O. 

K     28-13,28-25,28-21,28-17  28-26  pe'r  cent. 

0  16-99  17-39 

H  2-12  2-17 

VI.  When  heated  at  about  100°  in  a  water  oven  until  the  weight 
became  constant,  0-4501  substance  lost  0-1287  =  28-59  per  cent.  The 
residue  was  highly  deliquescent,  and  gave  no  reaction  of  dihydroxy- 
tartrate  with  sodium  chloride  solution. 

If  the  salt  decomposes  into  potassium  tartronate  and  cai-bon  dioxide, 
according  to  the  relation  l^f^^lif>^,Yi..p  =  Kp.^.pr^-\-C^0.^  +  2YL.p, 
the  loss  should  be  28-98  per  cent. 

VII.  Decomposed  with  dilute  sulphuric  acid,  and  titrated  with  a 
solution  of  potassium  permanganate  containing  6-3375  KMnO^  per 
litre,  0-1723  gram  of  ^substance  required  18-4  c.c.  of  permanganate. 
Theory  (as  standardised  by  the  free  acid)  =  18-03  c.c. 

*  A  product  which  is  apparently  identical  in  every  respect  is  obtained  by  sub- 
stituting potassium  acetate  for  potassium  carbonate. 


474  FENTON  :  PROPERTIES   AND   RELATIONSHIPS   OF 

VI TI.  04525    gram    of    substance    took    48-3    c.c.    permanganate. 
Theory  =  47'35  c.c. 

The  permanganate  values  are,  in  fact,  always  somewhat  higher  when 
referred  to  the  potassium  salt  than  when  referred  to  the  free  acid. 
The  potassium  salt  crystallises  extremely  well,  and  fi-om  the  very  close 
agreement  of  the  i^esults  obtained  on  analysis  of  various  specimens,  it 
is  probable  that  its  purity  is  more  to  be  relied  upon,  as  an  agent  for 
the  standardisation  of  permanganate  solutions,  than  that  of  the  free 
acid.  The  oxygen  value,  moreover,  approaches  more  nearly  to  the 
theoretical  (3  atoms  of  oxygen  per  molecule  of  acid)  when  the  potas- 
sium salt  is  employed. 

For  the  purpose  of  analysing  other  dihydroxytartrates,  fresh  solu- 
tions of  potassium  pei'manganate  were  prepared  from  time  to  time, 
and  standardised  by  means  of  the  potassium  salt. 

Solution  A.     [S  =  strength  in  grams  of  (C^H^Og)  per  litre.] 

Potassium  salt.  Permanganate.      S. 

I.  0-1920  gram  required  21  "SI  c.c.    5-7309 
II.  0-3970     „  „        45-05    „     5-7474 

III.  0-3654     „  „        41-60    „      5-7288 

IV.  0-4792     „  „        54-25    „     5-7609 

(These  results  were  obtained  with  three  distinct  specimens.) 
The  mean  strength  of  A  is  therefore  5-7420  (C'^H^Oj^)  per  litre. 

Solution  B. 

Potassium  salt.  Permanganate.     S. 

I.  0-5968  gram  required  59-65  c.c.    6-525 

II.  0-9332     „  „        93-70    „      64955 

Mean  strength  =  6  5 102  (CJI^Og)  per  litre. 

Standardised  by  means  of  ammonium  oxalate,  this  solution  B  gave 
the  following  result. 

0-8430  gram  of  (N  114)20204,1120  required  55-05  c.c.  of  permanganate. 

One  molecule  of  the  potassium  salt  re((uires,  therefore,  2-98  atoms 
of  oxygen.  Previous  determinations  with  theyVce  acid  gave  a  mean  of 
2-89  atoms,  theory  requiring  3  atoms. 

Sodium  Salt. 

According  to  the  analyses  of  Griiber,  Barth,  and  Herzig,  the  compo- 
sition of  the  sodium  salt  dried  in  a  vacuum  is  NaoC4H40s  +  2H2O, 
whereas  Kekuh'-'s  results  point  to  the  composition  Nao04H,0^-}-  2iHoO. 

As  the  exact  composition  of  this  salt  is  a  matter  of  some  importance, 
it  was  now  prepared  for  investigation  with  great  precautions  against 
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risk  of  ilecomposiiiou,  the  details  ol'  working  being  the  same  as  in  the 
preparation  of  the  potassiiuu  salt. 

The   precipitated   salt,   after   being  well    pressed  and   air-dried   for 
about  24  hours,  gave  the  following  numbers. 

I.  0-4766  gave  0-2430  Na.SO^. 
II.  0-5342     „     0-2747  Na^"S04. 
III.  0-4410  gram  required  49-75  c.c.  of  permanganate  (A). 

Found. 


Calculated  for  NaC^H^Og  +  SH.p. 

Na    16-51,16-65  16-42  per  cent. 

C^H^Og 64-77  64-28 

This  air-dried  salt  loses  weight  when  kept  in  a  vacuum  desiccator, 
the  weight  becoming  constant  after  2  or  3  days. 

III.  1-2172  lost  0-0410  H„0.     H20  =  3-36. 

IV.  1-8222    „    0-0527  H^O.     ^^  =  2-89. 

Theory  for  loss  of  ^HoO  =  3-21  per  cent. 

The  salt  dried  in  a  vacuum  was  also  analysed. 

I.  0-4104  gave  0-2169  NaaSO^. 

II.  0-2265  gram  required  26-3  c.c.  of  permanganate  (A.). 

Found.  Calculated  for  NoCJTjOg  +  2JH._;0. 

Na 17-12  16-97  per  cent." 

C^H^Og 66-67  66-42 

Ammonium  Salt. 

This  was  prepared  in  the  same  manner  as  the  potassium  and  sodium 
salts,  the  strength  of  the  ammonium  carbonate  solution  being  previously 
ascertained  by  titration  with  normal  sulphuric  acid.  In  appearance,  it 
much  resembles  the  potassium  salt,  and  is  slightly  more  soluble  ;  it  is, 
however,  much  less  stable,  for  on  exposure  to  the  air  for  a  day  or 
two  it  turns  first  yellow  and  finally  deep  orange,  increasing  considerably 
in  bulk. 

Analysis  of  a  pure  white  specimen  which,  after  pressing,  had  been 
air-dried  for  about  20  hours,  gave  the  following  results. 

I.   05693  gram,  distilled  with  caustic  soda,  gave  ammonia  which 
neutralised  8-62  c.c.  N/2  H.SO^. 

II.  0-2186  gram  required  27-05  c.c.  of  permanganate  (A). 

III.  0-1935     „  „        24-0      „ 

Found.  Calculated  for 

, ^ ^  (NH4).AH408  +  2H20. 

NHg' 12-87  13-49  per  cent. 

C^H.Og 71-05,  71-21  71-42 
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The  air-dried  salt,  when  kept  in  a  vacuum  over  sulphuric  acid,  loses 
weight  very  slowly  and  regitlarly,  the  weight  not  becoming  constant 
until  after  about  three  months.  The  diminution  in  weight  then 
amounted  to  about  40  per  cent.,  corresponding  approximately  to  a  loss 
of  GHgO,  or,  if  carbon  dioxide  is  also  given  off,  to  a  loss  of  COg  +  SHgO. 
The  residual  substance  was  of  a  buff-yellow  colour,  and  was  ex- 
tremely deliquescent.  Heated  with  caustic  soda  solution,  it  evolved 
ammonia,  but  its  aqueous  solution  gave  no  reaction  of  dihydroxy- 
tartaric  acid  either  with  sodium  chloride  or  sodium  carbonate. 

0-2043  gram  gave  31 '4  c.c.  nitrogen  at  17°  and  758-3  mm.    N=  18-11. 

A  substance  having  the  formula  C^H^Np^  [  =  C,tH,0s(NH^)o,2Hp  - 
GHgO]  would  requii'e  19-44  per  cent.,  whereas  ammonium  tartronate, 
C3H20j,(NH4)o,  requires  18-18  per  cent. 

From  this  result,  and  from  the  fact  that  the  substance  gives  no 
dihydroxytartaric  acid  reaction,  it  is  probable  that  ammonium 
dihydroxytartrate  decomposes  when  kept  in  a  vacuum  desiccator, 
giving  carbon  dioxide  and  ammonium  tartronate, 

C4H40,(NH,)2  4  2HoO  =  C,H,05(NH4)2  +  SIl.p  +  CO,. 

With  the  object  of  ascertaining  whether  it  is  possible  to  prepare 
the  anhydrous  ammonium  salt,  the  following  experiment  was  made. 

A  solution  of  dihydroxytartaric  acid  in  absolute  alcohol  was  mixed 
slowly  with  slightly  more  than  the  calculated  quantity  of  ammonia, 
also  dissolved  in  absolute  alcohol,  both  solutions  being  ice  cold  and  the 
mixture  kept  in  ice  as  before.  The  bulky,  white  precipitate  produced 
was  collected  with  the  aid  of  a  pump  in  an  apparatus  so  constructed 
that  the  entering  air  was  carefully  dried,  and  the  filtering  tube  kept 
cold  ;  after  draining  as  well  as  possible,  the  product  was  kept  in  a 
vacuum  desiccator  over  sulphuric  acid.  (A  portion  of  the  freshly  pre- 
pared product,  dissolved  in  water,  gave  an  immediate  precipitate  with 
sodium  chloride  solution.)  The  substance  lost  Aveight  slowly  and 
regularly,  as  in  the  previous  case,  and  after  G  days  it  was  found,  on 
testing  with  sodium  chloride,  that  it  gave  no  reaction  of  dihydroxy- 
tartrate. 

Another  specimen  was  therefoi-e  prepared  in  exactly  the  same 
manner,  washed  with  anhydrous  ether,  and  examined  after  it  had 
remained  in  the  vacuum  desiccator  for  only  about  18  hours.  In  this 
case,  the  product  gave,  somewhat  slowly,  a  slight  indication  of 
dihydroxytartrate  when  tested  with  sodium  chloride,  but  on  titration 
with  permanganate,  no  definite  end-point  could  be  obtained  as  in  the 
previous  cases,  the  colour  being  slowly  discharged  for  upwards  of  an 
hour.  A  similar  behaviour  is  observed  in  other  cases  (for  instance, 
with  the  dried  barium  salt  ;  see  below)  where  the  product  contains 
lui  tronate. 
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It  appears,  therefoi-e,  that  precipitation  of  the  alcoholic  solution 
of  clihydroxy tartaric  acid  by  alcoholic  ammonia  gives  rise  to  the 
anhydrous  ammonium  salt,  which  may  be  Co(OH)^(COONll^)2  or 
C._,Oo(COONH^)o  ;  but  that  this  salt  undergoes  decomposition  when 
dried  in  a  vacuum  desiccator.  This  fact,  and  that  the  hydrated  salt, 
Co(OH)4(COONH^)2  +  2H2O,  can  easily  be  isolated,  and  is  stable,  at  any 
rate  for  a  day  or  two,  is  of  interest  in  comparison  with  the  behaviour 
of  ammonium  glyoxylate,  the  formula  of  which  corresponds  to  the 
dehyrated  or  ketonic  form  of  the  acid. 

Lithium  Salt, 

Commercially  pure  lithium  chloride,  after  being  further  purified 
by  ti'eatment  with  a  mixture  of  absolute  alcohol  and  ether,  was 
dissolved  in  water  and  mixed  with  a  solution  of  potassium  dihydroxy- 
tartrate  in  about  the  calculated  quantity,  both  solutions  being  ice  cold 
and  the  mixture  kept  in  ice.  The  lithium  salt,  which  separated 
almost  immediately  as  a  crystalline  precipitate,  was  collected,  washed 
repeatedly  with  ice  cold  water  and  pressed,  as  in  the  pi-evious  cases. 

The  salt  is  very  sparingly  soluble  in  water,  but  is  more  soluble  than 
the  sodium  salt.  When  well  stirred  with  water  and  filtered,  the  clear 
filtrate  gives  a  distinct  precipitate  with  strong  solutions  of  sodium 
chloride. 

The  air-dried  substance  gave  the  following  results  on  analysis. 

I.  0-4896  gram  required  56'5  c.c.  of  permanganate  B. 
II.  0-3019  gave  0-1407  Li.SO^. 

Found.  Calculated  for  Li2C4H408  +  2iHoO. 

Li 5-93  5-85  per  cent. 

C^H/)g 7;rl2  75-31 

Rubidium  Salt. 

A  .specially  pure  specimen  of  rubidium  carbonate  (from  Schuchardt) 
dissolved  in  a  very  small  quantity  of  water  was  added,  in  rather 
over  the  calculated  quantity,  to  a  strong  solution  of  dihydroxy- 
tartaric  acid,  both  solutions  being  ice  cold.  The  somewhat  bulky, 
crystalline  precipitate  which  separated  almost  immediately  was 
collected  and  washed  three  or  four  times  with  ice  cold  water,  using  only 
the  smallest  quantities  necessary,  as  the  precipitate  diminished  con- 
siderably in  amount  during  the  washing,  being  evidently  more  soluble 
than  any  of  the  salts  so  far  examined.  It  was  pressed  and  air-dried 
for  about  24  hours,  as  in  the  other  cases. 

I.  05376  gram  required  36-7  c.c.  of  permanganate  B. 

II.  0-4265  gave  0-2834  Ilb..SO,. 
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Fouml.  Calculated  for  RbX^jHiOg  +  3H„0. 

lib 42-53  42-l"9  per  ceut.' 

Cyi^Oy U'U  44-46 

(taking  Rb-85-4). 

Ccesium  Salt. 

A  specially  pure  commercial  specimen  of  cjesium  carbonate  was 
employed  for  the  preparation  of  this  salt.  Examined  spectroscopically, 
it  appeared  to  be  practically  free  from  rubidium  and  from  potassium 
On  mixing  its  concentrated  ice  cold  solution  with  one  of  dihydroxy- 
tartaric  acid  in  the  same  manner  as  in  the  previous  cases,  keeping  the 
cfEsium  carbonate  in  excess,  only  a  slight  turbidity  was  produced, 
probably  due  to  traces  of  sodium,  and  no  separation  of  salt  occurred 
even  on  standing  for  some  time  at  0° ;  on  repeating  the  experiment, 
however,  with  saturated,  or  very  nearly  saturated,  solutions  of  the  two 
substances,  a  white,  crystalline  precipitate  began  to  separate  almost 
immediately.  This  was  collected  and  very  carefully  washed  with  small 
quantities  of  ice  cold  water,  drained,  pressed,  and  air-dried  as  before. 

0-2902  gram  required  17'2  c.c.  of  permanganate  B. 
C4HPS  =  38-58  per  cent. 

The  solubility  was  determined  (see  below)  and  was  found  to  be  much 
greater  than  that  of  the  salts  previously  examined,  so  that  it  was  con- 
sidered advisable  to  ascertain  whether  the  composition  was  altered  by 
fractional  precipitation.  The  preparation  of  the  salt  was  therefore 
conducted  exactly  as  in  the  previous  case,  but  the  first  portion,  about 
one-third,  of  the  precipitate  which  separated  was  quickly  filtered  off, 
and  the  remainder  collected  separately.  The  latter  gave  the  following 
results  on  analysis. 

0-3011  gram  required  17*35  c.c.  of  permanganate  B. 
0-3482  gave  0-2593  Cs^SO^. 

Found.  Calculated  for  Cs/V  IjO,  +  2 1 1„0. 

Cs     54-71  55-17  per  cent. 

(C^H^Oy) 37-51  37-35 

The  acid  ccesium  salt  appears  to  be  less  soluble,  since  it  separates 
readily  from  moderately  concentrated  solutions  when  the  acid  is  kept 
in  excess.  Only  a  small  quantity  of  substance  prepai-ed  in  this  Avay 
was  available  for  examination.     It  was  strongly  acid  to  litmus. 

0-4058  gram  required  32-2  c.c.  of  permanganate  B. 

C.,H^O^  =  56-47  per  cent. 
Theory  for  CsHC^H40^  =  57-34  per  cent, 
(taking  Cs  =  132-9). 
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Acid  Potassmm  !Salt. 

A  fairly  concentrated  ice  cold  solution  of  pure  potassium  carbonate 
(rS  grams)  was  added  to  one  of  dihydroxytartaric  acid  (3-8  grams), 
the  proportion  of  acid  in  excess  of  that  calculated  for  the  production 
of  the  acid  salt  (138  :  364). 

The  crystalline  precipitate  which  separated  was  collected,  washed, 
pressed,  and  air-dried  as  before.  The  aqueous  solution  of  the  substance 
is  strongly  acid  to  litmus.     Analysis. 

0'4656  gram  required  53*5  c.c.  of  permanganate  B. 
0-4957  gave  0-1806  Iv.SO^. 

Found.  Calculated  for  KHC^H^O,  +  H._,0. 

K   16-33  16-38  per  cent. 

(C^H^Og)   74-80  75-63 

The  solubility  was  determined  in  the  same  manner  as  in  the  cases 
previously  mentioned,  and  was  found  to  differ  but  slightly  from  that  of 
the  normal  salt. 


Solubilities  of  the  Dihydroxy tartrates  of  the  Alkali  Metals. 

In  the  course  of  the  experiments,  previously  recorded,  on  the  quanti- 
tative estimation  of  sodium,  it  became  a  matter  of  some  importance  to 
determine  the  solubilities  of  the  potassium,  sodium,  and  ammonium 
salts  at  0°. 

Mixtures  of  water  with  considerable  excess  of  the  salt  were  kept  in 
melting  ice,  with  frequent  stirring  for  half  an  hour,  as  owing  to  the 
unstable  character  of  aqueous  solutions  of  dihydroxytartrates  a  longer 
period  was  not  considered  advisable  ;  moreover,  this  was  the  usual 
duration  of  the  precipitation  period  in  the  quantitative  estimations. 
The  values  must  be  regarded,  therefore,  rather  as  relative  than  ab.solute. 
At  the  expiration  of  this  time,  the  mixtures  were  filtered,  using  a  cold 
funnel,  the  first  few  drops  being  discarded,  the  solutions  weighed  in 
stoppered  bottles,  and  the  amounts  of  salt  estimated  by  titration  with 
permanganate. 

The  solubilities  of  the  lithium,  rubidium,  and  caesium  salts  were 
subsequently  determined  in  exactly  the  same  way.  In  all  cases,  the 
air-dried  salt,  as  analysed,  was  used  for  the  determination. 

Sodium  Salt. — Owing  to  the  very  sparing  solubility  of  this  salt,  the 
permanganate  solution  (A)  used  for  titration  was  diluted  to  1/10. 

4'24  grams  of  a  saturated  solution  required  1-9  c.c.  of  pei*manganate 
(A/10)  =  0-00168  gram.  Na2C^H^08  4- 3H2O  ;  solubility  =  0-039  in 
100  parts. 
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Potassium  Salt. — 5'71  grams  of  a  saturated  solution  required  1(5  8  c.c. 
of  permanganate  (A)  =  0-1480  gram  KoQjH.Og  +  H,0 ;  solubility  =  2-66. 

Avviiioniuiii  tSalt. — 3'33  grams  of  a  saturated  solution  required 
11-4  c.c.  of  permanganate  (A)  =  0  09 19  gram  (NH^)2C4H^08  +  2H2O ; 
solubility  =  2'83. 

Lithium  Salt. — 6-01  grams  of  a  saturated  solution  required  0-55  c.c. 
of  permanganate  (B)  =  0-0047  gram  Li^C^H^Og  +  2IH2O ;  solubility 
=  0-079. 

Rubidium  Salt. — 3-18  grams  of  a  saturated  solution  required  13-3  c.c. 
of  permanganate  (B)  =  0-1948  gram  Rb^C^H^Og  +  3HoO  ;  solubility 
=  6-51. 

Ccesium  Salt. — 1-48  grams  of  a  satui-ated  solution  required  15-7  c.c. 
of  permanganate  (B)  =  0  2724  gram  Cs^C^H^Og  +  2H2O ;  solubility 
=  22-5. 

Acid  Potassium 'Salt. — 2-21  grams  of  a  saturated  solution  required 
6-7  c.c.  of  permanganate  (B)  =  00583  gram  KHC^H^Og  +  H^O ; 
solubility  =  2-70. 

The  solubilities  of  the  dihydroxytartrates  of  the  alkali  metal.«  are, 
therefore,  gi-eater  as  the  atomic  weight  increases,  lithium  being  the 
exception.     The  numbers  are  in  the  following  ratio. 

Li :  Na  :  K  :  Kb  :  Cs  :  :  2  : 1  :  66  :  166  :  576. 

It  is  probable,  therefore,  that  this  difference  may  be  of  service  in 
separating  the  metals  of  the  alkalis. 

Reactions  of  Soluble  Dihi/droxy tartrates. 

The  normal  salts,  when  dissolved  in  ice  cold  water,  give  solutions 
which  are  neutral  to  litmus,  but  after  standing  for  a  short  time  at  the 
ordinary  temperature,  a  wine-red  colour  is  developed  owing  to  the  de- 
composition into  tartronate  and  carbon  dioxide.  This  behaviour  was 
to  be  expected  from  the  results  obtained  on  titrating  the  free  acid  by 
alkalis  {loc.  cit.,  74). 

The  following  observations  were  made  with  ice  cold  and  concentrated 
solutions  of  potas.sium  dihydroxytartrate  and  various  metallic  salts. 

Silver  nitrate  gives  a  white  precipitate  whicli.soon  darkens. 

Mercurous  nitrate  gives  a  white  precipitate  which  is  not  further 
reduced  in  the  cold,  but  which  immediately  blackens  on  heating. 

Lead  acetate  gives  a  white  precipitate,  and 

Mercuric  chloride  is  quickly  reduced  to  calomel. 

Cujrric  sulphate  gives  no  precipitate,  but  the  solution  quickly  turns 
green,  and,  on  standing  for  .some  time,  a  fine,  red  deposit  appears, 
consisting  apparently  of  metallic  copper. 

Fehlinys  solution  is  reduced  on  heating. 


DIHYDllOXYTARTARIC    AiJID.      PART    II.    SALTS    OF    THE   ACID.     481 

Barium  and  strontium  salts  give  bulky,  white  precipitates,  aud 

Calciwii  chloride  produces  a  colourless,  transparent  jelly  resembling 
hydi'ated  silica  in  appearance. 

No  precipitate  is  produced  by  the  following  salts  :  stannic,  ferrous, 
ferric,  aluminium,  raanganous,  nickel,  cobalt,  zinc,  magnesium. 

Cadmium  chloride  gives  a  slight,  crystalline  precipitate  on  standing. 

Chromic  chloride  gives  a  transparent,  green  jelly 

Stannous  chloride  produces  a  white,  bulky  precipitate,  but  if  the 
dihydroxyturtrate  be  in  excess  and  the  mixture  gently  heated,  the 
solution  shows,  on  testing  with  alkali  and  ferric  chloride,  a  strongly 
marked  reaction  of  dihydroxymaleic  acid. 

A  similar  reduction  is  effected  by  ferrous  sulphate,  and  the  ferric 
salt  produced  is  sufficient  to  give  the  violet  colour  on  the  addition  of 
alkali. 

Dihydroxy tartaric  acid,  although  acting,  therefore,  as  a  powerful 
reducing  agent  towards  silver,  mercury  and  copper  salts,  is  itself 
reduced  by  stannous  or  ferrous  salts  (also  by  hydrogen  sulphide, 
hydrogen  bi'omide,  &c.). 

Barium  Salt. 

With  the  object  of  preparing  this  salt,  Barth  {Sitz.  Acad.  Wien., 
82,  ii,  1024)  dissolved  the  sodium  salt  in  dilute  hydrochloric  acid  at  0°, 
4nd  neutralised  with  baryta  water ;  the  numbers  he  obtained  on 
analysing  the  precipitate  indicated  the  formula  Ba„(C^HO-)o  +  3H2O, 
and  the  substance  was  regarded  as  the  normal  salt  of  tribasic  '  carboxy- 
tartronic  acid.'  His  preparation,  however,  was  dried  at  100°  so  that, 
from  what  has  been  stated  as  to  the  instability  of  the  salts,  it  appears 
to  be  impossible  that  the  substance  analysed  can  have  been  dihydroxy- 
tartrate. 

The  following  methods  of  preparation  were  now  tried. 

1.  Precipitation  of  the  free  acid  by  excess  of  baryta  water,  taking 
great  precautions  to  exclude  carbon  dioxide. 

2.  Precipitation  of  the  free  acid  by  excess  of  barium  acetate. 

3.  Precipitation  of  the  potassium  salt  with  barium  chloride. 

In  all  cases,  the  solutions  were  kept  in  ice  before  mixing,  and  the 
precipitate  was  filtered  through  a  funnel  surrounded  by  ice,  and  washed 
with  ice  cold  water. 

The  results  obtained  on  analysing  these  precipitates  varied  con- 
siderably (Ba  =  45 — 54  per  cent.),  and  the  products,  whether  air-dried 
or  dried  in  a  vacuum,  effervesced  when  treated  with  dilute  sulphuric 
acid  in  the  cold.  A  certain  amount  of  decomposition  appears  to  take 
place  during  the  process  of  drying,  and  this  perhaps  is  to  be  expected, 
owing  to  the  very  bulky,  almost  gelatinous,  nature  of  the  precipitate. 
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Thorough  draining  from  attached  water  is  extremely  difficult,  even 
with  a  powerful  pump,  and  traces  of  water  would  of  course  tend  to 
decompose  the  salt  at  the  ordinary  tempei'ature.  (In  the  case  of  all 
the  other  dihydroxytartrates  analysed,  the  precipitates  are  highly 
crystalline,  and  can  be  washed  and  drained  with  great  rapidity.) 
Attempts  were  made  to  overcome  this  difficulty  by  repeatedly  treating 
the  washed  precipitate  first  with  alcohol  and  then  with  anhydrous 
ether,  draining  each  time  with  the  pump.  This  treatment  had  the 
effect  of  lowering  the  percentage  of  barium,  and  giving  results  better 
in  agreement.  Thus,  a  product  prepared  by  method  (2)  and  treated  in 
this  way  gave  Ba  =  4403,  0  =  14-37,  H  =  r26.  Another  specimen 
prepared  by  method  (3)  gave  Ba  =  43*25.  Both  specimens  were  dried 
in  a  vacuum.  These  numbers  approximate  to  those  corresponding  to 
the  formula  BaO^H^g,  which  requires  Ba  =  43-21,  C=  15-14,  H=  1-26. 

But  even  these  specimens  showed  some  signs  of  effervescence  when 
treated  with  dilute  sulphuric  acid,  and,  moreover,  on  titration  with 
permanganate,  the  end  point  was  very  indefinite,  and  the  results  some- 
what variable.  Most  probably,  therefore,  a  portion  had  undergone 
decomposition  into  tartronate,  cai'bonate,  &c. 

The  moist  precipitate,  however,  when  first  prepared,  is  acted  on 
without  any  signs  of  effervescence  by  dilute  sulphuric  acid,  and  on 
titration  with  permanganate,  gives  sharp  and  definite  readings,  as  in 
the  case  of  other  dihydroxytartrates.  It  was  considered  advisable, 
therefore,  to  determine  the  ratio  Ba  :  C^H^Og  in  the  moist  precipitate, 
since,  bearing  in  mind  the  former  differences  of  opinion  as  to  the  com- 
position of  the  salt,  it  is  evident  that  the  value  of  this  ratio  is  the 
matter  of  chief  interest  rather  than  the  exact  composition  of  the  dry 
salt.  According  to  Barth's  formula,  the  ratio  should  be  3  :  2,  whereas 
the  present  view  would  require  the  value  1  : 1,  as  was  indicated  in  the 
experiments  on  titration  of  the  free  acid. 

Tlie  moist  precipitate  was  prepared  by  method  (3),  well  washed 
with  ice  cold  water,  and  drained  for  some  minutes  in  a  cold  funnel  as 
before.  Two  portions  were  then  taken  simultaneously  and  weighed  as 
quickly  as  possible  in  closed  vessels.  The  barium  was  then  estimated 
in  one  portion  by  treatment  with  sulphuric  acid,  and  di hydroxy- 
tartaric  acid  in  the  other  portion  by  titration  with  permanganate. 

I.   1-4720  substance  gave  0-2321  BaSO^.     Ba  =  9-27  per  cent. 
II.   1-0120    grams    required     22-15    c.c.     of     permanganate     (A) 
0411408=12-56  percent. 

Therefore,  Ba  :  C^H^O,  :  :  1  :  102. 


I 
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LI. — Affinity      Constants     of     Dihychoxymcdeic,     Di- 

hydroxyfumaric,  Dihydroxy tartaric^  and  Tartronic 

Acids. 

By  Sidney  Sktnner,  M.A. 

I  AM  indebted  to  ]Mr.  H.  J.  H.  Fenton  for  the  very  pure  specimens  of 
the  acids  used  in  the  following  measurements,  the  methods  he  employed 
for  their  preparation  being  described  in  his  papers  in  the  Society's 
Journal,  1894,  05,  899;  1895,  67,  48  and  774;  1896,  69,  546;  and 
1898,  73,  71.  The  measurements  of  electrical  resistance  were  made 
by  Kohlrausch's  method,  as  described  in  Ostwald's  "  Physico-Chemical 
Measurements,"  page  222  (English  translation),  with  the  single  modifi- 
cation that  the  alternating  current  was  obtained  from  the  town  electric 
lighting  supply,  using  suitable  transformation  to  reduce  the  100  volts 
to  1  or  2  volts.  The  cell,  filled  with  distilled  water,  gave  a  resistance 
of  some  40,000  ohms,  and  as  the  impurities  in  the  distilled  water  were 
probably  of  a  basic  nature,  no  correction  has  been  applied  for  the 
water,  the  acids  being  regarded  as  relatively  strong  (Ostwald,  loc. 
cit.,  page  235).     In  the  tables 

/[*»  =  molecular  conductivity  of  the  solution  in  mercury  units. 

?«  =  the  fraction  of  the  whole  number  of  molecules  ionised. 

k  =  the  affinity  constant  calculated  from  the  formula  h  = 

•^  {l-m)v. 

V  =  the  volume  in  litres  which  contains  one  gram-molecule. 
K=  100k  is  given  for  comparison  with  the  standard  values  of  the 
affinity  constant  for  other  acids. 


Dihydroxyinaleic  Acid. 

The  determination  of  the  affinity  constant  of  this  acid  by  means  of 
measurements  of  electrical  conductivity  at  25°  C.  presents  very  con- 
siderable difficulty,  as  the  acid  decomposes  rapidly  in  aqueous  solu- 
tion at  this  temperature.  The  use  of  a  lower  temperature  is  not 
permissible,  as  the  constant  could  not  then  be  compared  with  that  of 
other  acids,  which  have  up  to  the  present  been  examined  only  at  25°. 
If,  however,  the  law  which  determines  the  change  of  conductivity 
with  time  could  be  ascertained,  it  was  hoped  that  it  would  be  possible 
to  calculate  the  conductivity  at  the  moment  when  the  solution  was 
made,  and  so  eliminate  the  eifect  of  decomposition.  This  has  been 
done  successfully,  as  it  happened  that  the  law  at  the  commencement 
of  the  change  was  quite  simple. 
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The  acid  in  aqueous  solution  changes  into  carbon  dioxide  and 
glycollic  aldehyde.  The  solution  of  glycollic  aldehyde  has  low  con- 
ducting power,  and  so  the  resistance  of  the  acid  solution  increases 
with  time.  A  number  of  measurements  were  made  with  a  solution 
of  the  strength,  one  gram-molecule  in  128  litres,  at  the  temperatures 
0°,  11°,  and  25°;  the  results  are  given  in  tables  I,  II,  and  III,  and 
are  also  shown  in   the  accompanying  diagram.     This  diagi-am  shows 


Fig.  1. 


1800 


that,  at  0°,  the  resistance  for  over  40  hours  increased  linearly  with  the 
time  ;  at  11°,  the  variation  of  resistance  with  time  was  linear  for  about 
10  hours,  and  then  the  resistance  increased  more  slowly  ;  at  25°.  the 
variation  was  linear  for  2  hours,  and  then  it  showed  a  similar  falling- 
off  as  at  11°.  In  each  case,  some  of  the  solution  was  boiled  for  1  or 
2  minutes  so  as  to  effect  an  almost  complete  change  to  glycollic 
aldehyde.  The  solution  after  boiling  always  gave  a  very  high  value 
of  resistance. 

From  the  fact  that  the  change  was  at  first  linear,  it  was  easy  to 
determine  the  value  of  the  resistance  at  the  time  when  the  solution 
was  made  ;  and  these  values  have  enabled  me  to  calculate  the  affinity 
constant  on  the  assumption  that  the  acid  gives  at  first  the  two  ions, 
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H  and  COOH-[C-OH]./COO.  Table  V  contains  the  values  for  two 
dilutions,  that  is,  184  grams  in  64  litres  and  in  128  liti-es.  The 
affinity  constant  has  a  mean  value  of  7'2,  which  is  high  for  an 
organic  acid,  being  near  that  of  oxalic,  which  has  the  constant  10 
(Ostwald,  Zeit.  physik.  Chem.,  1889,  3,  281).  Too  much  stress  must 
not  be  laid  on  this  value,  as  the  acid  is  very  highly  ionised,  namely, 
84  and  91  per  cent,  for  these  dilutions,  and  it  is  probable  that  it 
is  partly  ionised  to  the  three  ions  H,  H  and  [C(OH)-COO]^.  If 
this  were  the  case,  the  affinity  ^constant  should  be  calculated  from  the 

3 

formula    ^  ,  which  applies  to  triple  ionised  acids. 

{in  -\)v^ 

Table  I. 


M/128  at  0°. 

Minutes  from  mtk- 

ing  sohition. 

10 

19-5 

33 

50 

53 

89 


Resistcnce  in  Legal 
ohms. 
573 
587 
589 
594 
601 
604 


M/128  at  0°. 
Minutes  from  mak- 
ing solution. 

110 

*1365 

1397 

2525 

Solution  boiled 

and  cooled. 


Resistance  in  Legal 

ohms. 

606 

936 

957 
1244 
4000 


Table  II. 


M/128  at  11°. 

1 

M/128  at  11°. 

Minutes  from  mak- 

Resistance in  Legal 

Minutes  from  mak- 

Resistance in  Legal 

ing  solution. 

ohms. 

ing  solution. 

ohms. 

9 

382 

232 

623 

10 

384 

*236 

623 

14 

390 

274 

671 

18 

394 

317 

687 

33 

411 

1405 

1564 

56 

433 

*1413 

1551 

70 

445 

Solution  boiled 

2440 

208 

584 

and  cooled. 

*  At  these  points,  fresh  samples  of  solution  which  had  been  preserved  at  the 
respective  temperatures  in  the  stock  flask  were  introduced  into  the  resistance  cell. 
This  was  done  in  order  to  determine  whether  the  platinised  electrodes  by  their  pre- 
sence were  causing  any  decomposition  of  the  aeid. 
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Table  III. 


M/128  at  25". 
Minutes  after  mak- 
ing  solution. 
6 

Resistance  in  Legal 
ohms. 
322 

M/128  at  25'. 
Minutes  after  mak- 
ing solution 
75 

Resistance  in  Legal 
ohms. 
600 

12 

338 

!             81 

634 

15 

350 

'              88-5 

664 

16 

351 

i              98 

707 

20 

368 

'            108 

753 

29 

403 

118 

791 

34-5 

423 

*121-5 

806 

38-5 

442 

187-0 

994 

45-5 

472 

290-0 

1252 

55 

511 

Solution  boiled 

3000 

65-5 

562 

and  cooled. 

Table  IV. 


M/64  at  25^ 
Minutes  after  mak- 
ing solution. 
13 

Resistance  in  Legal 
ohms. 
196 

M/64  at  25°. 
Minutes  after  mak- 
ing  solution. 
33-5 

Resistance  in 
ohms. 
242 

Legal 

17 

204 

40 

257 

22 

216 

45 

269 

27 

227 

56 

296 

These  numbers  plotted  on  squared  paper,  give  165-2  ohms  as  the 
resistance  of  the  solution  at  the  moment  the  solution  was  made. 

Table  V. 

Dihydroxymaleic  acid,  [C(OH)-COOH].,  -t-  2H.3O  =  184. 
Temperature  25'^. 
Dilution.  Mt.  '"^  ^' 

M/64  298-4  0838  0-0694 

M/128  325  0-913  0-075 

For  calculating  m=  -^,  yux   has  been  taken  as  356. 

Probable  value  of  K=72. 

The  initial  linear  variation  of  resistance  with  time  presents  an 
interesting  problem  in  chemical  kinetics.  The  solid  crystallised  acid 
is  quite  stable  at  ordinary  temperatures,  but  in  aqueous  solution  it 
changes  at  0°  slowly,  at  25°  rapidly,  into  glycoUic  aldehyde  and  carbon 

*  See  Footnote,  p.  485. 
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dioxide.  The  acid,  when  heated  at  90 — 100*^  in  a  rapid  current  of 
hydrogen,  loses  its  water  of  crystallisation,  and  the  anhydrous  acid  is 
stable  at  this  temperature.  The  anhydrous  acid  forms  fairly  stable 
solutions  in  alcohol  and  hot  acetic  acid ;  it  may  also  be  heated  under 
boiling  benzene  without  decomposition,  but  the  addition  of  a  small 
quantity  of  water  causes  the  immediate  evolution  of  carbon  dioxide. 
From  these  facts,  it  appears  that  the  action  of  water  induces  an 
instability,  and  regarding  this  action  as  an  ionising  one,  it  may  be 
that  the  negative  ion  is  the  decomposing  unit,  and  not  the  molecule  of 
the  acid.  Taking  this  point  of  view,  we  must  consider  how  the  resist- 
ance of  the  solution  would  change  if  one  of  the  ions  were  breaking  up 
into  a  gas  and  a  non-electrolyte  (glycollic  aldehyde).  At  first  in  solu- 
tion the  ions  are  certainly  two,  that  is,  COOH-(OH)C:C(OH)COO  and  H. 
Let  3/„,, ,  and  y^j,,,,?  be  the  concentrations  of  these  ions ;  *  and  if  we 
attribute  to  the  positive  hydrogen  ion  a  catalytic  action  as  it  has  in 
the  case  of  the  inversion  of  cane-sugar  by  strong  acids,  then 


At 


'^llncf)    "^    Vpos 


where  c  is  a  constant  and  t  the  time,  and  since,  thei'e  exists  an  equal 
number  of  positive  and  negative  ions,  we  may  write 

-^  =  0,/-. 

By  integration, 

-  =  constant -t- ci.     (1). 

y 

The  conductivity  of  the   cell  at  any  moment  is  proportional  to  the 
degree  of  ionisation,  so  that 

fx  varies  as  —  and  as  y 
R 

or  • 

1  oc  i?  cc  -       (2). 

M  y 

Therefore  from  (1)  and  (2)  i?  cc  -  oc  a  constant  +  ct. 

y 

That  is,  the  resistance  must  increase  linearly  with  the  time,  which 
has  been  observed  for  the  stronger  solutions.  In  the  more  dilute 
solutions,  at  the  later  stages  of  the  reaction,  the  law  will  no  longer 
hold,  for  then  we  are  probably  dealing  with  three  ions. 

This  explanation  is  not  the  only  one  which  will  give  a  linear  I'esult ; 
one  based  on  the  view  that  the  un-ionised  portion  of  the  acid  is  that 

*  lu  the  case  of  this  acid,  the  ionisation  is  nearly  complete  (92  per  cent. )  for  a- 
solution  of  the  strength  1  mol.  in  128  litres. 

K    K    2 
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which  undergoes  decomposition  leads  to  a  similar  conclusion  so  long  as 
only  two  ions  are  formed.  Again,  certain  reactions  of  the  acid  indi- 
cate that  hypothetical  trihydroxysuccinic  acid  is  formed  at  first,  and 
that  this  breaks  up  into  carbon  dioxide  and  gly collie  aldehyde. 


(2)  D {hydroxy fumaric  acid,  C^H^Og  +  2H20. 

/S-Modification,  (Fenton,  Trans.,  1896,  69,  560). 
M  64  at  25-2°,  0-2875  gram  in  100  c.c. 


Minutes  alter  mak- 
ing solution. 
15 

Resistance  in  Legal 
ohms. 
201-6 

Minutes  after  mak- 
ing solution. 
31 

Eesistance  in  Legal 
ohms. 
230-6 

16 

201-2 

36 

241-6 

18-5 

203-6 

42 

255-6 

21 

209-8 

46 

265-2 

26 

219-2 

51 

276-2 

Plotted  on  squared  paper,  these  results  give   161-0  ohms  for  the 
resistance  of  the  cell  at  the  moment  the  solution  was  made. 

Dilution.  nv.  ni.  k. 

M/64  306  0-860  0-082. 

For  calculating  k,  fj.^  has  been  taken  as  356.      The  value  of  K—  100^ 

is  8-2,  a  number  slightly  larger  than  that   for  dihydroxymaleic  acid, 

which  is  7-2.     Only  sufficient  acid  for  a  single  solution  was  available, 

and  the  specimen  was  slightly  coloured.     Not  so  much  weight  can  be 

given  to  this  value  as  that  of   7-2  for  the  maleinoid  form,  and  perhaps 

the  best  conclusion  is  to  regard  both  acids  as  having  the  same  value 

for  K. 

7..Z  ^        .    ,     '    A   '1  C(OHVCOOH     ,Q„ 
Dihydroxyta/rtaric  Acid,  (J.  qjj(" .(jqqjj  =  ^^2. 


0-5688  gram  dissolved  in  50  c.c.  solution, 

M/16,  at  10  hr.  47  m 

Temperature  25°. 

Time. 

Dilution.               //,. 

m. 

k. 

11  hr.    6  m. 

M/16             126-7 

0-358 

0-0124 

1 1  hr.  24  m. 

M/32             162 

0-458 

0-0121 

11  hr.  40  m. 

M/64             198 

0-557 

0-0109 

11  hr.  56  m. 

M/128           233 

0-659 

0-0100 

12  hr.  17  m 

M/256           267 

0-754 

0-00902 

12  hr.  37  m. 

M/512           293 

0-830 

0-00791 

12  hr.  49  m. 

M/1024         322 

0-909 

0-0088 

For  calculating  711  = /xvlfj.^,  ^i^has  been  taken  as  354. 
Probable  value  of  A'=  1-24. 
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This  acid,  in  aqueous  solution,  decomposes  slowly  into  tartronic  acid 
and  carbon  dioxide,  and  in  order  to  determine  how  far  the  above 
results  were  vitiated  by  this  change,  a  solution  of  dihydroxytartaric 
acid  was  made,  M/32,  and  its  resistance,  measured  at  25°,  was 
154  ohms,  62  minutes  later  it  was  175  ohms,  so  that  in  1  hour  it 
had  changed  about  12  per  cent.  The  value  of  A'  for  tartronic  acid 
given  in  the  following  section  is  0"5.  This  slow  change  of  the 
dihydroxytartaric  acid  must,  therefoi'e,  result  in  a  decrease  in  the 
value  of  its  apparent  K  with  time,  and  this  is  what  has  been  observed. 
The  value  of  K,  obtained  as  soon  as  possible  after  making  the  solution, 
must,  therefore,  be  taken  as  the  most  probable  value  for  this  acid. 


Tartronic 

acid,  C 

H(OH)(COO] 

a).3=120. 

/^:o  = 

=  358. 

Temperature 

25°. 

Dihition. 

M<'- 

in. 

k. 

M/11-08 

74-8 

0-209 

0-00502 

M/22-16 

101-8 

0-284 

0-00510 

M/44-32 

1320 

0-3688 

0-00487 

M/88-64 

167-5 

0-468 

0-00464 

/i=0-5. 

This  acid  was  examined  partly  because  a  knowledge  of  its  constant 
was  necessary  for  the  discussion  of  the  constant  of  the  previous  acid, 
and  partly  because  Ostwald  had  assigned  to  it  a  constant  smaller  than 
that  of  malonic  acid,  of  which  it  is  regarded  as  the  monhydroxyl 
derivative.  The  value  for  malonic  acid  given  by  the  same  author  is 
0-158  ;  and  the  value  0-5,  given  above,  is  greater,  as  it  should  be, 
according  to  theory.  The  reaction  by  which  the  sample  of  acid  was 
prepared,  namely,  by  heating  in  a  water  bath  a  strong  solution  of 
dihydroxytartaric  acid,  is  so  direct  that  it  seems  probable  the  sample 
of  acid  used  by  Ostwald  contained  some  impurity.  The  melting  point 
of  the  acid  was  158 — 159°. 

The  following  table  gives  the  newly  determined  constants  and  those 
of  the  nearly  related  acids  taken  from  Ostwald' s  list  {Zeit.  physik.  Chem., 
188,  3,  418). 


Malonic  acid,  0-158 
Tartronic  acid,  0  5 


Succinic  acid,  0-00665 
Malic  acid,  0-0395 

Dextro-and  Isevo-tartaric 
acids,  0-097 

Dihydroxytartaric  acid, 
1-24 


Fumaric  acid,  0093 
Maleic  acid,  1-17 

/  Dihydroxyf  umaric 
j  acid,  (7-2) 

\  Dihydroxymaleic 

V  acid,  7  2 
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The  table  shows. 

1.  The  gradual    increase   of  the  constant   on  the   introduction   of 
hydroxyl  groups. 

2.  The  greater  value  of  the  constant  for  the  lower  members  of  the 
dibasic  acids. 

3.  The  greater  value  of  the  constant  for  the  unsaturated  acids  in 
regard  to  their  saturated  homologues. 

Cavendish  Labokatory, 
Cambridge. 


LII. — Hydrolysis  of  Starch  by  Acids. 

By  Harold  Johnson. 

It  has  been  generally  accepted  that  the  hydrolysis  of  starch,  due  to 
acid  conversion,  is  similar  in  character  to  that  brought  about  by  the 
action  of  diastase ;  except,  of  course,  in  that  the  maltose,  the  final  pro- 
duct of  the  diastase  conversion,  is  transformed  by  acids  into  dextrose. 
The  products  of  the  hydrolysis  by  acids,  should,  therefore,  consist  of 
amyloins  (maltodextrins),  maltose,  dextrose,  and  perhaps  an  unreducing 
dextrin  (C^gHooOjf,),;.  Brown,  Morris  and  Millar  (Trans.,  1896,  69, 
121)  evidently  incline  to  this  view,  for  they  have  shown  that  some 
fractions  obtained  by  Lintner  and  Dlill  from  conversions  with  dilute 
oxalic  acid,  after  separation  of  the  dextrose,  would  obey  the  laws  of 
diastatic  conversions,  on  the  assumption  that  these  fractions  contained 
2v  per  cent,  of  moisture.  However,  Soxhlet  {Zeitschrift  S^nrit.  In- 
dustrie,  1884,  No.  11)  stated  that  the  dextrins  produced  by  the  action 
of  acids  on  starch  were  quite  different  from  those  produced  by  the 
action  of  diastase.  Rolfe  and  Defren  (J.  Amer.  Chem.  Soc,  1896,  18, 
869),  in  "  An  Analytical  Investigation  of  the  Hydrolysis  of  Starch  by 
Acids,"  found  that  starch  when  hydrolysed  by  dilute  acids,  even  under 
varying  conditions,  obeyed  certain  laws.  The  fall  in  the  specific  rota- 
tion is  constant  throughout  the  action,  and  bears  a  certain  relation  to 
the  cupric-reducing  power,  so  that,  given  the  one,  the  other  may  be 
calculated.  Rolfe  and  Defren  also  stated  that  there  are  only  three 
carbohydrates  present  at  any  time  during  the  action,  namely,  maltose, 
dextrose,  and  dextrin,  existing  possibly  in  molecular  aggregates ; 
these  authors  calculated  the  relative  quantities  of  maltose,  dextrin, 
and  dextrose  present  at  any  time  of  the  conversion  by  means  of  curves^ 
the  percentage  of  tbesc  carbohydrates  being  represented  by  ordinates, 
and  the  specific  rotatory  powers  as  abscissae  in  the  same  ordinate 
system.  It  is  apparent  from  this  communication  that  Eolfe  and 
Defren  also  suppose  the  conversions  by  acids  to  be  similar  in  character 
to  conversions  by  diastase,  except  that,  of  course,  as  before  stated,  the 
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maltose   of    the   diastase   conversion   is   transformed   by    acids   into 
dextrose. 

The  object  of  the  present  paper  is  to  show  that  these  conclusions  are 
en'oneons,  and  that  the  intermediate  products  of  acid  hydrolysis  are 
not  identical  with  those  ofj  diastase  hydrolysis.  These  differences 
probably  form  the  starting  point  of  the  controversies  relative  to  starch 
hydrolysis  which  have  arisen  between  the  English  and  the  German 
school ;  Brown  and  Morris  *  maintain  that  the  relation  is  constant 
between  the  cupric-reducing  powers  and  specific  rotations  of  the  pro- 
ducts of  diastase  hydrolysis,  and  can  be  expressed  in  terms  of  maltose 
and  dextrin.  Lintner  and  Dlill  have  denied  this  relation,  but  as  these 
authors  {Ber.,  1895,  28,  1522)  work  indiscriminately  on  products 
from  acid  hydrolysis  (after  elimination  of  the  dextrose),  or  from  the 
products  of  diastase  hydrolysis,  it  is  not  difficult]  to  see  how  these 
differences  may  have  arisen. 

When  the  products  of  diastase  conversions  are  fractionated  by  means 
of  alcohol,  the  precipitated  portions  have  specific  rotations  which  may 
vary  from  about  [aJoa-gG  150°  to  about  190°.  These  fractions  present 
the  following  peculiarities  :  they  are  unfermentable  by  Saaz  yeast,  and 
their  cupric  reducing  powers  and  specific  rotations  can  be  expressed  in 
tei'ms  of  dextrin  and  maltose.  Dextrin  has  a  specific  rotation  of 
[a]D3-86  195°,  and  maltose  [ajoj.gg  135*4°,  so  that  no  substance  result- 
ing from  diastase  hydrolysis  can  have  a  special  rotation  of  less  than 
135  "4°.  When,  however,  we  separate  fractions  from  the  products  of 
acid  hydrolysis,  the  specific  rotations  vary  between  about  [ajn  190°, 
and  [aju  80°  These  fractions  contain  no  free  dextrose,  because  they 
are  unfermentable  by  Saaz  yeast ;  moreover,  they  cannot  be  molecular 
aggregates  of  maltose  and  dextrin,  since  the  specific  rotation  of  a 
maltodextrin  cannot  fall  much  below  [aj^  150°,  and  we  are  in  presence 
here  of  fractions  whose  rotations  can  fall  as  low  as  80°  ;  we  have, 
therefore,  intermediate  substances  present  which  do  not  exist  in 
diastase  conversions. 

Before  beginning  an  account  of  the  work  which  follows,  it  is  neces- 
sary to  say  a  few  words  concerning  the  methods  employed  in  the 
investigation.  The  directions  given  by  Bi'own,  Morris,  and  Millar 
(Trans.,  1897,  71,  72)  were  followed  closely.  The  polarimeter  used  was 
a  half-shade  instrument,  the  readings  being  very  accurate  to  0*1°.  As 
regards  the  determination  of  the  cupric-reducing  powers,  at  first 
the  Soxhlet  tube  was  used,  the  precipitated  CugO  being  reduced  to 
metallic  copper.  However,  a  series  of  duplicate  experiments,  in  which 
the  CugO  was  collected  simply  on  a  strong,  double  filter  paper,  and 
then  dried  and  ignited  in  a  platinum  dish,  showed  that  the  latter 

*  "Products  of  Starch  Hydrolysis,"  Brown  and  Morris,  Trans.,  1889,  55, 
449—462  ;  Brown,  Morris  and  Millar,  Trans.,  1897,  71,  73,  123. 
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method  was  the  more   accurate,    and    towards    the    end    of    the  ex- 
periments this  was  alone  used. 

The  Soxhlet  tube  presents  the  following  inconveniences.  The 
asbestos  is  extremely  hygroscopic,  holding  water  with  the  greatest 
tenacity,  and  even  when  dried  in  an  oil  bath  at  150^,  still  retains 
water.  This  is  a  first  cause  of  error  ;  of  course  it  may  be  reduced  to 
a  minimum  by  careful  manipulation,  but,  when  many  determinations 
have  to  be  made,  it  is  impossible  to  devote  all  the  time  necessary  to 
ensure  accurate  results.  Secondly,  the  asbestos  invariably  loses  weight 
during  the  collection  of  the  CugO,  however  carefully  it  may  have  been 
previously  washed  with  acids  and  alkalis  ;  perhaps  this  is  due  to  the 
decomposition  of  the  asbestos,  or  perhaps  small  portions  of  it  are 
carried  away  in  the  washing.  I  had  some  tubes  made  expressly  for 
me,  with  platinum  cones  fitting  them  exactly,  but  found  that,  how- 
ever carefully  the  apparatus  may  be  constructed,  small  difficulties 
will  invariably  present  themselves.  In  dealing  with  the  difficult 
problem  of  determining  cupric-reducing  powers,  it  is  useless  to 
complicate  the  apparatus  ;  the  simplest  and  most  practical  methods 
give  the  best  results. 

When  the  CiigO  is  collected  on  a  filter  paper,  the  following  condi- 
tions must  be  observed  to  ensure  accuracy.  The  filter  with  the  pre- 
cipitate, when  completely  washed,  should  be  transferred  to  a  wide, 
open  platinum  capsule,  and  dried  in  a  water  bath,  the  capsule  being 
then  heated  over  a  low  flame,  preferably  an  argand  burner,  until  the 
filter  is  completely  burned,  after  which  the  contents  of  the  dish  are 
pounded  with  a  small  platinum  pestle,  which  can  be  left  in  the  capsule 
and  weighed  with  it.  The  capsule  is  then  placed  over  a  Bunsen  burner, 
heated  to  a  dull  red  heat,  and,  when  cold,  the  contents  are  again 
pounded.  Finally,  the  capsule  and  contents  are  heated  to  a  bright  red 
heat,  either  over  a  very  powerful  Bunsen  or  in  a  muffle.  The  capsule 
is  then  cooled,  and  the  contents  weighed  as  CuO.  The  object  of  these 
manipulations  is  to  ensure  a  thorough  oxidation  of  the  Cu._,0,  which  is 
incomplete  if  the  heating  is  too  vigorous  at  first. 

If  the  two  methods  are  carried  out  with  all  the  care  necessary  the 
results  coincide  very  closely,  but  of  the  two  the  method  of  weighing  as 
CuO  is  the  simplest  to  perform,  and  open  to  less  error  than  the  pro- 
cess carried  out  in  the  Soxhlet  tubes.  It  will  be  found  impossible  to 
wash  the  filter  paper  entirely  free  from  the  Fehling  solution  ;  this 
error  should  always  be  allowed  for,  and  it  differs  with  the  kind  of 
paper  employed ;  the  (juantity  was  0'003  gram  for  the  paper  which  was 
vised  in  these  experiments.  I  have  accepted  as  the  cupric-reducing 
powers  of  dextrose  the  figm-es  given  by  Brown,  Morris  and  Millar 
(Trans.,  1897,71,  279);  that  these  figures  may  be  regarded  as  suf- 
ficiently accurate,  is  proved  incidentally  from  the  work  which  follows. 
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All  values  are  expressed  in  terms  of  the  factor  3 '86  (for  explanation 
see  papers,  Brown,  Millar  and  Morris,  already  refei'red  to).  The  specific 
rotation  of  soluble  starch  or  dextrin  has  been  taken  as  [a]D3st;  195°, 
and  that  of  dextrose  as  [aj^j-se  52 "8°.  The  starch  was  hydrolj'sed 
by  means  of  dilute  sulphuric  or  oxalic  acid,  and  neutralised,  after  the 
conversion,  respectively  by  barium  or  calcium  carbonate ;  here  there  is 
another  source  of  error  which  needs  correction,  and  1  have  not  any- 
where observed  that  reference  has  been  made  to  it.  Barium  and 
calcium  carbonate  are  relatively  very  soluble  in  the  saccharine  solution 
resulting  from  the  inversion,  especially  if  the  solution  is  fairly 
concentrated. 

The  calcium  carbonate  must  be  got  rid  of  by  careful  precipitation 
with  a  weak  solution  of  oxalic  acid,  and  the  barium  carbonate  by  means 
of  sulphuric  acid.  The  solubility  of  these  carbonates  is  in  no  way  due 
to  the  presence  of  the  carbonic  acid  resulting  from  the  neutralisation  of 
the  acids,  for  after  boiling  a  solution  neutralised  by  barium  carbonate, 
and  leaving  it  for  a  week  (of  course,  under  aseptic  conditions),  a 
copious  precipitate  was  produced  on  the  addition  of  a  few  drops  of 
sulphuric  acid.  In  effecting  this  precipitation,  it  is,  of  course, 
necessary  to  carefully  avoid  the  slightest  excess  of  acid.  The  solubility 
of  the  calcium  carbonate  is  even  greater  than  that  of  barium  carbon- 
ate, and  leads  to  gross  errors  in  the  calculation  of  the  solid  matter, 
unless  got  rid  of  in  the  manner  indicated.  A  pure  starch  is,  of  course, 
also  necessary  ;  this  was  obtained  by  washing  good  potato  starch,  fii-st 
with  O'O  per  cent,  caustic  soda  to  remove  traces  of  proteid  matter,  and 
then  with  3  per  cent.  HCl,  finally  washing  with  distilled  water.  The 
starch  was  saccharified  at  the  boiling  point  of  water,  no  pressure  being 
exerted.  The  conversions  wei-e  carried  out  in  open  beakers  placed  in 
a  large  water  bath,  the  quantity  of  starch  per  100  c.c.  of  water  varying 
in  the  different  trials  from  about  5  to  25  grams  at  the  commencement 
of  the  hydrolysis,  and  the  acid  from  about  3  to  8  grams  per  100  c.c. 
i^s  the  beakers  were  not  covered,  the  solutions  became  more  concen- 
trated as  the  hydrolysis  proceeded,  owing  to  the  evaporation  of  the 
water,  the  solutions  in  some  cases  being  reduced  to  one-half,  or  even 
one-third  of  their  original  volume  ;  if  any  darkening  of  the  solution 
was  observed  (this  was  the  case  when  the  sulphuric  acid  became  too 
concentrated),  a  little  distilled  water  was  added.  50  to  80  grams  of 
.starch  were  taken  for  each  experiment,  and  hydrolysed  under  vai'ying 
degrees  of  concentration.  Table  A  (p.  494)  gives  the  results  obtained 
from  the  hydi-olysis  of  16  different  lots  of  starch. 

The  time  taken  for  the  hydrolysis  varied  according  to  the  conditions 
of  concentration  and  the  point  to  which  the  hydrolysis  was  carried. 
A  high  percentage  of  starch  retards  the  conversion,  whilst  a  high 
percentage  of  acid  has  the  opposite  effect.     As  extremes  for  the  times 
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taken  to  effect  the  conversions  described  in  Table  A,  12  minutes  and  5 
hours  may  be  mentioned.  The  progress  of  the  hydrolysis  was  followed 
by  withdrawing  the  beaker  from  the  water  bath  from  time  to  time 
and  determining  the  specific  rotation  of  the  solution.  "When  the 
hydrolysis  had  reached  the  point  desired,  the  acid  was  carefully 
eliminated,  and  the  cupric-reducing  power,  the  specific  rotation,  and 
the  solids  (by  the  factor  3'86)  were  carefully  estimated. 

Table  A  gives  the  results  found  for  a  series  of  conversions  carried 
to  different  degrees.  These  results  record  the  striking  fact  which 
seems  to  have  escaped  most  observers  up  to  the  present,  that  the 
cupric-reducing  powers  and  specific  rotations  of  the  products  resulting 
from  the  action  of  acids  on  starch  can  be  estimated  in  terms  of  dex- 
trose and  dextrin  or  soluble  starch.  (This  is  a  verification  of  a  state- 
ment made  by  M.  Pellet  {Compt.  rend.,  2,  450)  in  a  communication 
on  commercial  glucose  read  before  the  International  Congress  of 
Chemistry  at  Paris  in  1896  ;  M.  Pellet,  however,  brought  forward 
no  experimental  evidence  to  prove  his  assertion.)  To  render  the 
results,  as  tabulated  below,  quite  clear,  a  few  explanations  are  necessary. 
Column  A  gives  the  cupric-reducing  power  expressed  as  dextrose  on 
100  grams  of  3'86  solids. 

Column  B,  the  dextx-in  by  difference. 

Column  C,  the  specific   rotation  calculated  from  these  percentages 
of  dextrose  and  dextrin. 

Column  D  gives  the  specific  rotation  found. 

Column  E,   the  difference   between  the  specific  rotation  found  and 
calculated. 

Table  A. 

C. 

175-2 

166-0 

165-5 

148-9 

147-1 

138-1 

137-8 

134-4 

118-9 

113-1 

100-5 

95-2 

82-4 

80-6 

73-5 

59-2 


A. 

B. 

13-90 

86-10 

20-38 

79-62 

20-72 

79-28 

32-44 

67-56 

33-70 

66-30 

40-03 

59-97 

40-24 

59-76 

42-61 

57-39 

53-50 

46-50 

57-55 

42-45 

66-44 

33-56 

70-18 

29-82 

79-14 

20-86 

80-43 

19-57 

85-40 

14-60 

95-52 

4-48 

D. 

E. 

174-4 

+  0-8 

166-6 

-0-6 

165-5 

0 

148-2 

-t-0-7 

147-7 

-0-6 

137-9 

+  0-2 

138-4 

-0-6 

134-9 

-0-5 

118-5 

+  0-4 

112-6 

+  0-5 

100-4 

+  0-1 

95-4 

-0-2 

81-9 

-0-5 

80-3 

+  0-3 

73-8 

-0-3 

59-7 

-0-5 
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The  figures  of  this  table  need  little  comment,  being  sufficiently 
striking  in  themselves.  It  will  be  seen  that  the  differences  beween 
the  specific  rotations,  found  and  calculated,  do  not  exceed  in  any  case 
more  than  0"8°.  If  we  take  the  mean  of  the  differences,  we  find  it 
only  0"05°,  the  j^lus  differences  and  the  minus  diffei-ences  being  about 
equal ;  we  can  therefore  consider  them  as  errors  of  experiment. 

Before  proceeding  farther,  however,  let  us  see  what  would  be  the 
error  involved  supposing  there  was  a  small  amount  of  maltose  present 
which  had  been  calculated  in  terms  of  dextrose.  Let  us  consider  a 
case  whei'e  we  find  in  this  manner  50  per  cent,  of  dextrose  and  50  per 
cent,  of  dextrin.  The  specific  rotation  of  this  conversion  would  be 
123'9.  Supposing  6'2  parts  of  the  dextrose  should  be  in  reality 
calculated  in  terms  of  maltose,  we  should  have  10  per  cent,  of  maltose 
to  substitute  in  its  place  ;  (maltose  having  a  Z"  of  62).  We  should 
then  have  a  mixture  containing  43  "8  per  cent,  of  dextrose,  10  per  cent. 
of  maltose,  and  46*2  per  cent,  of  dextrin,  the  specific  rotation  of  which 
would  be  126'75  in  place  of  123"9  as  formerly.  From  this  we  see  that, 
supposing  there  should  be  10  per  cent,  of  maltose  present,  and  it  has 
been  estimated  as  dextrose,  the  rotation  calculated  would  fall  2 "85° 
short  of  the  rotation  found.  An  examination  of  the  above  table 
shows  that  the  calculated  rotation  in  no  case  falls  below  more  than 
0"6°  that  of  the  rotation  found,  and  as  we  have  pointed  out,  this  small 
difference  can  be  safely  put  down  to  experimental  error.  Rolfe  and 
Defren  (in  the  paper  already  referred  to)  asserted  that  a  specific  rota- 
tion of  [a]o  129°  corresponded  with  the  maximum  percentage  of  maltose, 
namely,  44'1  per  cent.,  the  dextrin  and  the  dextrose  being  present  in 
equal  quantities  at  this  stage  of  the  conversion.  The  conversion  in 
the  above  table  nearest  to  [a]  129°  is  one  with  a  rotation  of  [a]  134'9, 
and  should  contain  about  40  per  cent,  of  maltose  according  to  Rolfe 
and  Defren.  If  this  were  so,  the  rotation  calculated  as  above  would 
fall  about  11°  lower  than  that  found.  The  rotations  found  and  calcu- 
lated agree,  however,  almost  exactly,  and,  therefore,  there  can  be  no 
ground  for  the  supposition  that  any  maltose  is  present. 

A  number  of  fractions  precipitated  by  alcohol  from  the  pi'oducts  of 
acid  conversion  were  next  carefully  examined.  The  cupric-reducing 
powers  and  specific  rotations  of  these  fractions,  in  a  similar  manner  to 
the  total  products  of  conversion,  can  be  expressed  exactly  in  terms  of 
dextrose  and  dextrin.     These  results  are  set  out  in  Table  B. 

Column  A  contains  the  cupric-reducing  powers  expressed  as  dextrose 
on  100  grams  of  3*S6  solids. 

Column  B,  the  dextrin  by  difference. 

Column  C,  the  specific  rotation  calculated. 

Column  D,  the  specific  rotation  found. 

Column  E,  fermentative  action  of  Saaz  yeast  on  the  fraction. 

Column  F,  Fermentative  action  of  Saccharomyces  apiculatus. 
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A. 

B. 

C. 

D. 

E. 

F. 

19-50 

80-50 

167-2 

167-5 

Nil. 

Nil 

36-41 

63-59 

143-2 

144-0 

Nil. 

Nil 

56-63 

43-37 

114-5 

114-0 

Nil. 

Nil 

62-27 

37-73 

106-4 

106-9 

Nil. 

Nil 

63-41 

36-59 

104-8 

104-3 

Nil. 

Nil 

70-24  29-76  95-1  95-4  Nil.  Nil. 

73-36  26-64  90-7  90-2  Nil.  Nil. 

79-60  20-40  81-8  82-2  Nil.  Nil. 

In  order  to  show  that  these  fractions  were  not  merely  mixtures  of 
dextrose  and  other  carbohydrates,  they  were  put  to  ferment  with  Saaz 
yeast  and  ^S*.  apiculatus,  some  carefully  prepared  yeast  water  or  a  small 
portion  of  a  nutrient  solution  containing  asparagine  and  all  the  salts 
necessary  for  yeast  development  being  added  to  afford  nutriment 
for  the  yeast  cells.  All  the  necessary  aseptic  conditions  were,  of  course, 
observed  in  carrying  out  these  experiments.  Nevertheless,  as  will  be 
seen  fi'om  Table  B,  these  yeasts  were  quite  powerless  to  set  up  the 
smallest  fermentation.  However,  the  type  of  yeast  known  as  "  logos," 
with  which  experiments  were  also  made,  produced  a  ^;ar<<«^  fermenta- 
tion of  the  fractions,  those  with  the  lowest  rotations  yielding  most 
readily  to  the  action  of  this  yeast. 

Another  proof  that  these  fractions  are  de6nite  compounds  and  not 
mixtures  of  dextrose  and  other  carbohydrates  is  to  be  found  in  their 
behaviour  when  submitted  to  dialysis,  the  purified  fractions,  after 
being  several  times  redissolved  in  water  and  again  precipitated  by 
alcohol,  dialysing  without  undergoing  material  change  in  specific 
rotation.  When  a  mixed  fraction  (that  is  to  say,  the  precipitates  re- 
sulting from  a  conversion  thrown  down  by  alcohol  of  increasing 
strength)  is  submitted  to  dialysis,  the  products  that  pass  through  the 
dialyser  possess  rotations  lower  than  those  of  the  substances  remaining 
in  the  dialyser  ;  however,  the  substances  which  i)ass  through  contain 
no  free  dextrose,  as  may  be  ascertained  by  putting  them  in  presence  of 
Saaz  yeast,  which  will  be  found  to  fail  to  set  up  any  fermentation. 

The  fractions,  when  submitted  to  a  further  treatment  by  acids,  nre 
completely  transformed  into  dextrose,  which  is  the  final  and  only  pro- 
duct of  the  convei'sion  ;  the  specific  rotation  remaining  stationary  at 
about  [ajostje  52°  to  53°,  the  dextrose  is  not  affected  by  the  acid,  even 
when  the  concentration  of  the  latter  is  as  high  as  15  per  cent. 

A  point  worthy  of  interest  with  regard  to  these  fractions  is  the 
large  range  presented  by  their  specific  rotations,  which  vary  from 
[a]i,;,.8fi  80°  to  [a]D38.i  170°.  No  attempt  has  been  made  to  separate 
fractions  with  rotations  higher  than  170°,  since  they  present  no  interest 
here,  but  that  it  is  possible  to  separate  them  with  higher  rotations  is 
shown  by  Lintner  {Ber.,  1895,  28,  1522).     It  will  be  observed  that  the 
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lowest  rotation  presented  by  a  fraction  was  82-2  ;  this  corresponds  very 
closely  with  20  per  cent,  of  dextrin  and  80  per  cent,  of  dextrose.  This 
fraction  dialysed  without  change.  A  substance  of  the  same  composi- 
tion was  also  obtained  by  fermenting  a  conversion  with  a  rotation  of 
["■]d3-86  60°  with  Saaz  yeast.  The  residue,  after  fermentation,  con- 
tained 79-80  percent,  of  dextrose  and  20"2  per  cent,  of  dextrin,  and 
was  evidently  identical  in  composition  with  the  fraction  obtained  by 
precipitation  with  alcohol. 

A  further  proof  that  the  substances  from  starch  conversion  by  acids 
intermediate  between  stai'ch  and  dextrose  are  not  identical  with  those 
produced  by  diastase,  is  to  be  found  in  their  behaviour  towards  diastase 
or  malt  extract.  Soxhlet,  as  already  mentioned,  stated  that  diastase 
had  no  action  on  the  dextrins  from  acid  conversion.  A  careful  ex- 
amination has  shown,  however,  that  diastase  does  possess  a  slight 
action,  but  that,  even  on  high  conversions,  its  degrading  power  is  very 
limited.  This  will  be  apparent  on  looking  at  Table  C,  where  the  results 
obtained  by  the  action  of  malt  extract  on  a  number  of  conversions  are 
tabulated. 

Column  A  gives  original  rotation  of  the  conversion. 

Column  B,  the  rotation  after  one  hour's  digestion  with  malt  extract. 

Column  C,  the  rotation  after  two  hours'  digestion. 

Column  E,  the  fall  in  rotation. 

The  malt  extract,  obtained  by  digesting  malt  at  30°  with  distilled 
water,  was  added  in  quantities  varying  from  10  to  25  c.c.  to  each  10 
grams  of  solids.     The  temperature  employed  was  60°. 


Table 

C. 

A. 

B. 

c. 

E. 

177-5° 

165-9° 

165-4° 

12-r 

166-6 

159-8 

159-4 

7-2 

U7-0 

142-1 

142-1 

4-9 

138-4 

134-6 

134-6 

3-8 

134-1 

127-8 

127-8 

6-3 

112-6 

112-4 

112-4 

0-2 

94-5 

94-5 

94-5 

0 

Fractions  from  Alcohol. 


A. 

B. 

C. 

E. 

167-5° 

158-8° 

158-8° 

8-7< 

144-0 

142-8 

142-8 

1-2 

114-0 

114-0 

114-0 

0 

95-4 

95-4 

95-4 

0 

82-2 

82-2 

82-2 

0 
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It  is  rather  difficult  to  account  for  this  slight  action  which  diastase 
has  on  the  products  of  starch  conversion  by  acids.  The  explana- 
tion that  seems  the  most  feasible  is  that  the  diastase  attacks  only  the 
starch  which  has  not  been  touched  by  the  acid.  As  a  rule  the  last 
traces  of  the  blue  colour*  produced  by  iodine  do  not  disappear  vintil  the 
specific  rotation  has  fallen  to  about  [a]u  140^  or  even  lower.  The  point 
at  which  the  blue  coloration  disappears  depends  a  good  deal  on  the 
concentrations  of  the  acid  and  the  starch  ;  when  the  latter  exi.sts  in 
concentrations  of  about  25  per  cent,  and  the  acid  is  very  dilute  (2  per 
cent )  a  blue  coloration  will  still  be  produced  with  iodine  at  a  rotation 
of  [aju  115°.  The  stronger  the  acid,  the  more  quickly  does  the  blue 
coloration  disappear,  thus,  with  a  solution  of  starch  at  5  per  cent,  and 
acid  at  12  per  cent,,  the  blue  coloration  will  disappear  at  a  rotation  of 
[aJD  150°. 

However,  it  must  be  stated  that  diastase  has  a  slight  action  on  con- 
versions which  give  no  blue  coloration  with  iodine  ;  perhaps  in  the 
splitting  up  of  the  molecule  of  starch  there  may  be  produced,  as  Brown 
and  Morris  have  suggested,  an  unreducing  dextrin,  (Ci2H.,qOj^qVi  ;  the 
slight  fall  in  the  rotation  under  the  influence  of  diastase  would  then 
be  due  to  degradation  of  this  dextrin.  It  is,  however,  impossible  to 
•say  anything  for  certain,  except  that  diastase  does  possess  a  slight 
action  on  the  products  of  starch  hydrolysis  by  acids.  It  will  be  noticed 
that  diastase  has  no  action  on  fractions  with  rotations  of  114°  and 
lower ;  this  is  another  proof  that  these  are  not  mixtures  of  dextrose 
and  amyloins. 

From  the  above  data,  we  can  now  resume  as  follows  the  properties 
of  the  substances  intermediate  between  starch  and  dextrose,  produced 
by  the  action  of  dilute  acids  on  starch ;  the  specific  rotations  of  these 
substances  vary  between  [a]i,3.3g80°  and  190°  ;  their  cupric-reducing 
powers  and  specific  rotations  can  be  expressed  in  values  of  dextrose 
and  the  amylin  group  (CjjHjqOjq),!.  This  relation  is  shown  by  the 
following  equation,  in  which  /iTg.gg  =  the  cupric-reducing  power  in  terms 
of  dexti"ose  on  100  parts  of  the  substance,  and  [ajoa-se  "^'^  ~  specific 
rotation.     Then,  given  one  of  these  values,  the  other  can  be  calculated. 

[a],3.soX^=  195-1-1^^11^  71:3.3, 

*  With  regard  to  the  various  colours  such  as  red,  bro\vn,  &c.,  produced  bj'  iodine 
at  varying  stages  of  the  conversion,  the  author  finds  that  the}'  arc  of  no  value  whatever, 
being  produced  by  an  intimate  mixture  of  starch  with  other  substances.  This  may  be 
shown  by  taking  a  drop  of  the  mixture  giving  the  cherry  red  colour  with  iodine,  and 
leaving  it  to  dry  for  24  hours  on  a  white  porcelain  tile  ;  at  the  end  of  this  time,  the 
starch  will  have  separated  out  in  the  form  of  a  number  of  little  bhie  specks  and  the  rest 
of  the  mass  will  be  j'ellow,  the  red  colour  having  quite  disappeared.  A  micro- 
scopical examination  of  a  drop  left  to  dry  on  a  glass  slide  will  render  this  phenomenon 
still  more  apparent. 
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(The  values  given  in  this   equation,    of  course,   hold  good  for  the 
total  products  of  conversion,  as  •well  as  the  intermediate  compounds.) 

On  simplification  of  the  equation,  we  have 

[a]i,3.3,A-=  195^- 1-422  A-3.3,. 

"When  further  treated  by  acids,  these  substances  are  completely 
transformed  into  dextrose.  When  treated  by  diastase,  they  undergo  a 
slight  fall  in  rotation  when  this  value  is  not  lower  than  about 
[ajos-ss  120°.  They  are  unfermentable  by  Saaz  and  apiculatus 
yeasts,  being  partially  fermented  by  logos.  On  purification,  they 
dialyse  without  change.  A  precipitate  thrown  down  by  alcohol  con- 
tains a  mixture  of  these  substances,  whose  solubility  in  alcohol  decreases 
in  proportion  as  their  specific  rotations  rise.  It  should  also  be  added 
that,  when  treated  with  phenylhydrazine  acetate,  they  yield  gummy  pre- 
cipitates. These  precipitates  were  not  further  examined,  owing  to  the 
difficulty  experienced  in  attempting  their  purification ;  moreover, 
phenylhydrazine,  as  the  histoiy  of  starch  hydrolysis  has  shown,  is  not 
a  reagent  on  which  much  reliance  can  be  placed  for  isolating  the  divers 
products  of  conversion.  It  is  thus  apparent  fi'om  their  character  that 
these  intermediate  compounds  are  molecular  aggregates  of  dextrose 
and  the  amylin  group,  (C^,Ho(|O^Q)ij,  and,  therefore,  the  author  ventures 
to  call  them  glucoamylins,  which  name  accurately  describes  their  com- 
position. Moreover,  in  starch  conversion  by  acids,  there  is  no  ground  for 
supposing  that  at  any  time  during  the  reaction  is  there  formation  of 
maltose  or  amyloins  (molecular  aggregates  of  maltose  and  the  amylin 
group,  CjoH^qOj,^),  the  sole  products  of  the  hydrolysis  being  dextrose 
and  glucoamylins. t 

Glucoamylins  with  low  rotations  can  be  easily  obtained  by  fermenting 
with  Saaz  yeast  a  commercial  glucose  or  a  conversion  made  in  the 
laboratory  whose  rotation  is  about  [ajog.gg  60 — 70°.  The  residue 
after  fermentation  will  have  a  rotation  of  [ajoo-se  ^0 — 90°,  and  will 
consist  of  glucoamylins.  The  existence  in  commercial  glucose  of  an 
unfermentable  reducing  substance  with  a  rotation  of  about  80°  to  90° 
has  been  known  of  for  a  long  time,  and  has  received  the  name  of 
gallasin.  If  we  examine  the  properties  usually  attributed  to  gallasin, 
we  shall  see  that  it  is  nothing  but  a  mixture  of  glucoamylins.  Thus 
according  to  the  various  authors,  the  specific  rotation  of  gallasin  varies 
from  [ajo^.gg  80°  to  100°,  its  cupric-reducing  power  is  equal  to  about 
half  that  of  dextrose,  it  is  insoluble  in  strong  alcohol,  and  on  treatment 
with  dilute  acids  is  transformed  completely  into  dextrose.  These 
characters  clearly  show  that  gallasin  is  composed  of  a  mixture  of  gluco- 
amylins, but  up  to  the  present  its  real  nature  has  escaped  observation. 

On  first  consideration,  it  seems  strange  that  the  intermediate  com- 
pounds produced    by  the  action  of  acids  on  starch  should  differ  in 

t  The  question  of  the  existence  of  an  unreducing  dextrin,  (CiaHaoOjo),!,  is  left  aside. 
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character  from  those  produced  by  diastase ;  however,  on  carefully 
looking  into  the  matter  we  shall  see  that  it  is  very  easy  to  account  for 
this  diflPerence.  Dilute  acids  beiog  able  to  hydrolyse  free  maltose, 
would  also  exercise  this  action  on  maltose  combined  in  a  molecular 
aggregate  with  the  amylin  group,  (CjoHoijOj^),;,  and  therefore  amyloins 
at  the  moment  of  their  formation  are  transformed  into  glucoamylins 
and  glucose  (dextrose). 

Maltose  can  be  regarded  as  a  simple  anhydride  of  dexti'ose,  being 
due  to  condensation  of  2  molecules  of  the  latter  with  loss  of  water. 
In  the  same  way,  starch  may  be  regarded  as  an  anhydride  of  maltose, 
being  due  to  the  condensation  of  at  least  100  molecules  of  this  carbo- 
hydrate, for,  as  Brown  and  Morris  have  shown,  the  molecular  weight  of 
soluble  starch  cannot  be  less  than  32400,  5(CjoHoyOj(,)2o.  The  anhy- 
drous group  in  the  amylin  aggregates  cannot,  however,  have  the  same 
structure  as  the  anhydrous  group  in  the  maltose  molecule,  because 
diastase  is  only  capable  of  hydrolysing  one  of  these  groups,  with  pro- 
duction of  maltose  and  amyloins,  whereas  dilute  acids  hydrolyse  both 
with  production  of  dextrose  and  glucoamylins.  The  aldehyde  groups 
of  maltose  and  dextrose  are  probably  formed  at  the  moment  of  the 
hydration  of  the  amylin  aggregates  by  intramolecular  rearrangement. 
Whether  or  not  a  dextrin  with  the  formula  (CjoHooOjo),!  is  formed  in 
the  splitting  up  of  the  starch  molecule  there  is  no  evidence  to  show, 
excepting  the  fact  that  diastase  has  a  slight  action  on  the  products  of 
conversion  whose  specific  rotations  lie  between  [aju  135°  and  115°,  and 
which  give  no  blue  coloration  with  iodine. 

As  diastase  has  no  action  on  the  products  of  conversion  whose 
rotations  are  less  than  115°,  the  dextrin,  if  produced,  does  not  offer 
much  resistance  to  the  hydrating  action  of  acids,  and  must  be  modified 
at  an  early  period  of  the  reaction. 

For  the  present,  however,  it  will  be  better  to  leave  aside  the  possible 
existence  of  an  unreducing  dextrin,  and  to  consider  the  reaction  in  its 
simplest  form,  which  can  be  expressed  by  the  following  equations. 

(C,,H,oO,o)n  +  2(H,0),„=  {  |c^^^^f)^if  "-"  +  (CeH,A)- 

f  {C,,U   OoU-n.^ (CoH, A)«  +  2(H20)„_,.  =  2(CeHj A)- 

As  a  o-x^/^a  for  the  formula  of  starch,  the  following  figure  is 
suggested. 
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Starch  (T)(r]ixa. 

As  will  be  seen  on  looking  at  the  figure,  each  amylin  group  (between 
the  large  brackets)  is  composed  of  two  maltose  molecules  (sepai'ated  by 
the  dotted  lines)  each  of  the  latter  being  composed  of  two  dextrose 
molecules.  To  show  the  points  where  the  dextrose  molecules  condense 
to  maltose  and  the  latter  to  amylin  groups,  the  H.,0  molecules  are  in- 
closed in  brackets.     As  is  seen,  the  two  dextrose  molecules  condense  in 


a  secondary  group  (HC*0  H  HO-ICH),  whilst  the  maltose  molecules 
condense  in  the  primary  group  (HgC'OH  HO'ICH^),  the  former  be- 
coming HC-O-CH  and  the  latter  H2C-0-CH2.  The  two  aldehyde 
groups  of  the  original  dextrose  molecules  condense  in  the  amylin  group 
as  is  shown  above.  This  explains  the  non-reducing  character  of 
starch.  According  to  the  above  o-x^/Aa,  the  molecular  weight  of  starch 
can  be  any  multiple  of  ((JqH-^^O-J^. 

This  figure  is  only  intended  to  convey,  in  a  figurative  manner,  the 
probable  nature  of  the  starch  molecule,  and  is  suggested  by  the 
behaviour  of  .starch  when  submitted  to  the  action  of  diastase  or  dilute 
acids.  No  claim  is  made  that  this  represents  the  absolute  formula  of 
starch.  The  question  of  the  possible  formula3  of  the  glucoamylins 
presents  too  many  difficulties  to  be  dealt  with  here  ;  however,  I  hope  to 
return  to  it  in  a  subsequent  communication  to  the  Society. 


LI  11. — Determination  of  Molecular   Weights — 
Modification  of  Landsherger-'s  Boiling  Point  Method. 

By  James  Walker  and  John  tS.  Lumsden. 

In  determining  the  boiling  point  of  the  .solution  of  a  non-volatile 
substance,  that  is,  the  temperature  at  which  the  solution  is  in  equi- 
librium with  the  vapour  of  the  solvent,  attention  mu.st  be  paid  to  the 
following  points.  The  vapour  and  the  solution  must  be  intimately 
mixed  in  order  that  a  proper  equilibi-ium  may  be  established,  regular 
boiling  must  be  ensured,  and  the  heat  exchange  with  the  environment 
must  be  reduced  to  a  minimum,  as  otherwise  the  temperature  observed 
is  not  the  temperature  of  equilibrium.  The  first  condition  is  easily 
secured,  for  the  .solution  when  boiling  bi-iskly  is  continually  .agitated, 
and  is  always  in  intimate  contact  with  the  bubbles  of  vapour  passing 
upwards.  The  others  are  more  troublesome.  It  is  necessary  in  the 
first  place  to  reduce  the  radiation  and  conduction  towards  tlie  exterior 
to    a    minimum    by  jackettiug   tlie   solution   with  the  vapour  of  the 
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boiling  solvent.  In  the  second  place,  when  the  source  of  heat  employed 
is  of  a  temperature  much  above  the  boiling  point  to  be  measured,  as  is 
the  case  when  the  solution  is  boiled  by  an  external  flame  alone, 
irregular  boiling  and  superheating  can  only  be  avoided  by  the  use  of 
such  devices  as  are  given  by  Beckmann  {Zeit.  physikal.  Chem.,  1889, 
4,  543;  1891,  8,  223  ;  1894,  15,  656) ;  Sakurai  (Trans.,  1892,  61,  989) 
employs  an  external  flame,  but  in  addition  passes  the  vapour  of  the 
solvent  through  the  solution,  thereby  securing  regular  ebullition 
and  thorough  mixing. 

Landsberger  has  recently  described  {Ber.,  1898,  31,  458)  a  method 
adapted  for  the  determination  of  the  molecular  weight  of  substances 
in  solution,  in  which  the  external  flame  is  discarded  altogether,  the 
solution  being  kept  at  its  boiling  point  by  the  passage  through  it  of 
the  solvent  vapour  alone,  so  that  superheating  is  entirely  prevented. 
His  method  is  extremely  simple  and  rapid,  and,  as  we  can  testify, 
yields  very  satisfactory  results.  In  this  paper,  we  describe  a  slight 
modification  of  his  apparatus,  by  means  of  which  a  further  saving 
of  time  is  effected,  and  several  successive  readings  with  the  same 
portion  of  dissolved  substance  are  rendered  possible,  the  error  not 
exceeding  that  of  a  Victor  Meyer  vapour  density  determination. 
The  method  we  propose  is  adapted  to  obtaining  values  easily  and 
rapidly  in  the  course  of  ordinary  organic  or  inorganic  research  work, 
and  not  to  obtaining  accurate  values  for  physico-chemical  purposes. 

The  modification  consists  in  reading  the  volume  of  the  solution  after 
equilibrium  has  been  attained,  instead  of  ascertaining  its  weight.  It 
is  usual  to  calculate  the  molecular  weight  of  a  substance  in  solution 
by  expressing  the  strength  of  the  solution  in  grams  per  100  grams 
of  solvent ;  Arrhenius  pointed  out,  however,  that  it  was  equally 
feasible  to  calculate  the  molecular  weight  of  dissolved  substances  by 
expressing  the  strength  of  the  solution  in  grams  per  100  cubic 
centimetres.  Arrhenius'  method  gives  lower  results  for  the  molecular 
weight  than  the  other,  but  the  difference  between  the  two  is  only 
great  in  strong  solutions.  The  theory  on  which  the  calculation  of  mole- 
cular weights  by  the  boiling  point  method  is  based  holds  good  for  dilute 
solutions  only,  and  affords  no  clue  as  to  which  mode  of  calculation 
should  be  preferred  when  the  solutions  are  concentrated.  It  is  there- 
fore a  matter  for  our  convenience  which  of  the  two  we  select ;  and 
Beckmann  has  shown  that  in  some  cases  the  one  method  gives  numbers 
more  in  accordance  with  the  molecular  weight  corresponding  with  the 
usual  chemical  formula,  and  in  some  cases  the  other.  The  only 
difference  in  the  actual  calculation  is  that  a  different  constant  has  to 
be  employed  for  each  solvent  when  volumes  are  measured  instead  of 
weights. 

The  apparatus  we  have  used  is  shown  in  the  accompanying  figure. 

L  L   2 
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[t  consists  of  the  flask  F,  the  inner  tube  N,  which  contains  the  solution, 
and  the  outer  tube  E,  which  is  connected  with  the  condenser.  The 
vapour  is  generated  in  F,  passes  through  the  solution  in  N,  from  which 
it  issues  through  the  hole  H,  to  form  a  vapour  jacket  between  the 
two  tubes,  and  finally  passes  into  the  condenser.    We  find  it  expedient 


Fig.  1, 
Q 


to  have  the  tube  B  6 — 7  mm.  in  bore,  bent  obtusely,  as  shown  in  the 
figure,  and  drawn  out  so  as  to  be  connected  with  R  by  a  piece  of 
rubber  tubing.  The  lower  end  of  R,  where  the  vapour  passes  into  the 
solution,  is  perforated  witli  a  rose  of  four  horizontal  holes  and  one 
terminal  hole.  The  bubbles  of  vapour  are  by  this  means  better  dis- 
tributed through  the  liquid  than  when  the  tube  is  cut  off  square,  and 
there  is  less  tendency  to  excessive  frothing.  The  inner  tube,  which  is 
graduated  in  cubic  centimetres  up  to  30  c.c,  is  provided  with  a  bulb 
above  the  highest  graduation ;  this  bulb  prevents  portions  of  the 
solution  being  projected  through  H  when  the  amouut  of  licpiid  in  the 
tube  is  great  and  the  boiling  vigorous. 
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The  mode  of  conductiug  an  experiment  is  as  follows :  First,  the 
boiling  point  of  the  solvent  is  determined.  This  is  done  by  placing 
about  12  c.e.  of  the  liquid  in  the  boiling  tube  N,  and  passing  the 
vapour  generated  in  the  flask  through  it  until  drops  fall  from  the  con- 
denser at  the  I'ate  of,  at  least,  one  every  two  seconds  ;  the  thermometer 
is  then  read  and  the  boiling  interrupted.  The  thermometer  and  the 
tube  R  are  now  removed,  and  the  graduated  tube  transferred  with  its 
cork  to  an  upright  cylinder  of  just  sufficient  diameter  to  admit  the  grad- 
uated portion  easily.  This  ensures  that  the  tube  is  vertical,  so  that  the 
volume  of  liquid  in  it  may  be  read  accurately.  A  knowledge  of  the 
volume  of  the  solvent  alone  is  not  necessaiy  for  the  calculation,  but 
is  of  service  in  forming  an  estimate  of  the  accui-acy  of  the  results. 

The  bulk  of  the  liquid  is  next  poured  out  of  the  tube  so  that  only 
about  5 — -7  c.c.  remains,  then  from  half  a  gram  to  a  gram  of  the 
substance  to  be  investigated  is  added  and  the  tube  replaced  in  the 
apparatus.  The  vapour  is  again  passed  through  the  liquid  until  drops 
come  from  the  condenser  at  the  same  rate  as  before ;  the  thermometer 
is  I'ead  and  the  boiling  flask  immediately-  after  disconnected  at  R. 
If  the  solvent  is  inflammable,  the  flame  beneath  the  flask  should  be 
previously  extinguished  or  removed  to  a  safe  distance.  The  tube  N  is 
again  disconnected,  introduced  into  the  upright  cylinder,  and  the 
volume  of  liquid  again  ascertained.  With  as  little  delay  as  possible, 
the  parts  of  the  apparatus  are  replaced,  vapour  once  more  passed 
through  it,  and  the  determinations  of  the  temperature  and  the  volume 
of  the  solution  repeated.  This  series  of  operations  may  go  on  until 
half  a  dozen  determinations  at  different  dilutions  have  been  obtained, 
for  at  each  successive  reading  not  more  than  2  or  3  c.c.  of  the  solvent 
will  have  condensed  in  the  solution. 

The  chief  saving  of  time  is  effected  by  there  being  only  a  single 
weighing  necessary  for  all  the  determinations,  if  the  substance  is  in 
the  form  of  a  compressed  pellet,  or  two  if  the  weighing  is  made  by 
difference.  The  reading  of  the  volume  is  quite  accurate  enough, 
although  the  tube  is  only  graduated  in  single  cubic  centimetres ;  for 
tenths  of  a  c.c.  can  be  easily  estimated  and  the  total  volume  to  be  read 
is  not  less  than  10  c.c,  so  that  the  error  from  this  source  does  not 
exceed  1  per  cent.  If  the  apparatus  is  once  in  working  order,  it  is 
possible  to  make  five  or  six  determinations  with  the  same  quantity  of 
substance  in  half  an  hour,  although,  as  a  rule,  three  will  suffice  for  all 
practical  purposes. 

For  calculating  the  molecular  weight,  use  is  made  of  the  following 
formula,  the  weights  being  given  in  grams  and  the  volumes  in  cubic 
centimetres. 

Constant  x  Weight  of  substance 


Mol.  wt.= 


Elevation  x  Volume  of  solution 
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The  constants  for  the  various  solvents  are  given  in  the  subjoined 
table.  They  are  equal  to  the  oi'dinary  constants  divided  by  the 
specific  gravity  of  the  solvent  at  its  boiling  point  (compare  Beckmann, 
Zeit.  physikal.  Chem.,  1890,  6,  472.) 

Alcohol    1560  Acetone    2220 

Ether  3030  Chloroform 2600 

Water 540  Benzene  3280 

With  regard  to  the  practical  carrying  out  of  the  process,  several 
points  have  to  be  noted.  It  is  necessary,  as  Landsberger  states,  to 
add  a  fresh  piece  of  poi'ous  tile  to  the  liquid  in  the  boiling  flask  each 
time  the  flask  is  disconnected  and  the  boiling  interrupted.  If  this  is 
not  attended  to,  the  boiling  is  irregular,  and  the  results  untrust- 
worthy. The  choice  of  a  solvent  is  also  a  matter  of  considerable 
practical  importance ;  when  possible  alcohol  or  ether  should  be  used. 
Acetone,  if  pure,  gives  very  good  results,  but  that  usually  employed 
as  a  solvent  is  useless  for  repeated  determinations,  as  the  composition 
of  the  solvent  changes  as  the  distillation  progresses.  Benzene,  water, 
and  chloroform  have  all  special  disadvantages.  Benzene,  owing  to 
the  combination  of  comparatively  high  boiling  point  and  small  heat 
of  vaporisation,  condenses  very  rapidly  within  the  apparatus,  so  that 
it  is  not  possible  (even  when  no  liquid  is  introduced  into  the  tube  N 
from  the  beginning,  and  when  the  outer  tube  is  protected  by  a  non- 
conducting coat)  to  obtain  more  than  two  successive  readings  under 
favourable  circumstances  for  accuracy.  There  is  also  the  drawback 
in  the  case  of  benzene  that  it  is  a  solvent  in  which  the  dissolved 
molecules  have  a  great  tendency  to  associate,  with  the  result  that  the 
molecular  weight  thus  determined  is  frequently  double  the  molecular 
weight  determined  by  the  method  of  vapour  density ;  this  applies 
especially  to  compounds  containing  the  hydroxyl  group,  and  in 
their  case  benzene  should  never  be  used  as  solvent.  Water  is  a 
solvent  which  for  a  given  strength  of  solution  gives  a  very  small 
elevation  of  the  boiling  point,  and  is  therefore  to  be  discarded  when 
ether  or  alcohol  can  be  employed.  The  high  specific  gravity  of  chloro- 
form renders  it  unsuitable  for  molecular  weight  determinations  by  the 
method  above  described.  The  bulb  of  the  thermometer  and  the  point 
at  which  the  vapour  enters  the  solution  ai'e  at  the  lowest  part  of  the 
tube  N,  and  it  is  here  that  the  temperature  of  equilibrium  between 
vapour  and  solution  is  measured,  but  it  is  obvious  that  this  tempera- 
ture is  not  measured  under  exactly  tlie  same  conditions  in  the  succes- 
sive readings  at  dilTerent  volumes.  When  tlie  volume  is  gi-eat,  the 
pressure  at  the  bottom  of  tlio  tube  N  is  greater  than  when  tlie  volume 
is  small,  and  consequently  the  observed  temperature  is  higher  in  the 
first  case  than   in   the   second,  even   when   the  solvent  alone  is  used ; 
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moreover,  the  difference  of  pressure  is  greater  as  the  liquid  in  the 
tube  is  denser,  so  that  liquids  of  low  specific  gravity  are  to  be  pre- 
ferred as  solvents.  It  is  to  reduce  the  error  from  this  source  to  a 
minimum  that  the  boiling  point  of  the  solvent  is  determined  with  a 
considerable  quantity  of  the  liquid  in  the  inner  tube ;  the  conditions 
are  then  the  same  as  those  for  the  most  dilute  solutions,  that  is,  for 
those  that  show  the  smallest  elevation  of  the  boiling  point.  When 
the  volume  of  the  solution  is  small,  the  difference  between  its  boiling 
point  and  that  of  the  solvent  is  great,  and  an  error  on  the  difference 
has  a  comparatively  small  effect.  If  the  boiling  point  were  deter- 
mined with  only  a  small  quantity  of  the  solvent,  the  error  would  be 
greatest  when  the  diffei'ence  measured  was  least  and  would  thus  lead 
to  a  serious  error  in  the  molecular  weight. 

The  thermometer  used  should  have,  as  Landsberger  recommends,  a 
small  bulb  and  as  light  a  stem  as  possible.  As  the  accuracy  to  be 
aimed  at  in  actual  laboratory  determinations  of  molecular  weights 
need  not  be  great,  it  is  unnecessary  to  have  a  thermometer  graduated 
more  finely  than  in  tenths  of  a  degree,  indeed  a  thermometer  graduated 
in  fifths  will  serve  most  everyday  purposes.  If  the  scale  of  the  ther- 
mometer is  a  good  one,  it  is  then  easy  by  means  of  a  lens  to  estimate 
fiftieths,  or  even  hundredths,  of  a  degree,  and  this  degree  of  accuracy 
does  not  lead  to  an  error  of  more  than  four  or  five  per  cent,  at  most 
in  the  molecular  weight,  since  the  elevation  measured  is  not  often  less 
than  half  a  degree,  except  in  the  case  of  water. 

The  following  numbers  were  obtained  with  a  thermometer  graduated 
in  fifths,  and  will  give  an  idea  of  the  accuracy  of  the  method. 

Acetone  as  Solvent. 


0"829  gram  Camplior. 

]\rol. 

wt.  152. 

Elevation. 

Volume. 

Mol.  wt. 

1-47 

8-1  c.c. 

154 

1-09 

10-7 

159 

0-71 

16-7 

155 

0-64 

19-0 

151 

0*662  gram  Resorcinol. 

Mo] 

L  wt.  110. 

1-77 

8-7  c.c. 

95 

1-05 

16-0 

88 

0-85 

18-0 

96 

The   number  obtained   by  Landsberger  for   the  molecular  weight  of 
x-esoi-cinol  is  98  with  acetone  as  solvent. 
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0-672  gram  Naphthalene. 

Mol.  wt.  128. 

Elevation. 

Volume. 

Mol.  wt 

0-97 

12-1  CO. 

128 

Ofi7 

17-8 

126 

0-52 

24-6 

117 

0-512  gram  Benzoic  acid. 

Mol.  wt.  122. 

0-80 

11-6  c.c. 

12.1 

0-54 

KvS 

126 

Chloroform  as  Solvent. 
0-552  gram  Naphthalene.     Mol.  wt.  128. 


1-20 

9-5  c.c. 

126 

0-65 

17-7 

125 

Benzoic  Acid. 

Mol.  wt.  122. 

0-87 

11-5  c.c. 

208 

0-55 

17-8 

209 

0-45 

23-5 

193 

There   is   here  a  considerable  association  of  the  simple  molecule?,  as 
other  observers  have  found  with  this  solvent. 


Ether  as  Solvent. 
1*536  grams  Paratoluidine.     Mol.  wt.  107. 


3-75 

11-2  c.c. 

111 

315 

13-8 

107 

2-37 

18-8 

104 

1-79 

26-0 

100 

1-60 

29-0 

99 

ResorcinoL 

Mol.  wt.  110. 

1-92 

11-3  c.c. 

128 

1-27 

19-0 

115 

M7 

21-4 

111 

0-90 

28-0 

111 

Benzoic  acid. 

.     Mol.  wt.  122. 

1-08 

12-0  c.c. 

130 

0-85 

15-0 

133 

0-66 

20-8 

123 
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Alcohol  as  Holvent. 
1'057  grams  Naphthalene.     Mol.  wt.  128, 


jvation. 

Volume. 

Mol.  wt. 

1-08 

9-7  c.c. 

157 

0-75 

15-0 

147 

0-55 

19-4 

154 

Beckmann  finds  148  and  155. 

0-835  gram  Mercuric  chloride.     Mol.  wt.  271. 

0-49  10-1  c.c.  263 

0-32  15-6  261 

Beckmann  found  264,  and  Landsberger  275. 
0-345  gram  Urea.     Mol.  wt.  60. 

0-83  9-4  c.c.  70 

0-57  14-1  67 

0-43  19-0  66 

Landsberger  found  65,  Beckmann  63. 
0-544  gram  Benzoic  acid.     Mol.  wt.  122. 


0-71 

9.8  c.c. 

122 

0-33 

20-2 

127 

0  72  gram  Salicylic  acid. 

Mol.  wt.  138. 

0-84 

9-7  c.c. 

138 

0-62 

14-3 

127 

0-46 

19-5 

125 

Water  as  Solvent. 

0-522  gram  Potassium  nitrate.     Mol.  wt.  101. 

0-60  8-8  c.c.  53 

0-40  13-3  53 

0-718  gram  Sodium  chloride.     Mol.  wt.  58-5. 

0-88  13-9  c.c.  32 

0-72  17-0  32 

In  the  case  of   these  salts,   the  molecular  weight  is  reduced  to  little 
more  than  half  by  electrolytic  dissociation. 
1-169  grams  Urea.     Mol.  wt.  60. 

1-24  8-1  c.c.  63 

0-64  15-0  66 

Landsberger  found  62-6  and  65-4. 
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Benzene  as  Solvent. 

0668  gram  Xaphthalene.     Mol.  wt.  128. 

Elevation.  Volume.  Mol.  wt. 

1-40  11-3  c.c.  139 

0-70  22-2  141 

Landsberger  found  144,  and  Beckmann  144. 
0'487  gram  Anthracene.     Mol.  wt.  178. 

0-81  10-0  c.c.  197 

0-53  160  188 

0-41  21-2  184 

Landsberger  found  190,  Beckmann  192. 
0911  gram  Benzoic  acid.     Mol.  wt.  122. 

0-90  13-2  c.c.  252 

0-57  23-4  224 

Landsberger  found  232,  Beckmann  244. 


Wc  are  indebted  to  Mr.  W.  A.  Fyffe,  who  had  no  previous  experi- 
ence in  the  determinations  of  molecular  weights  by  the  boiling  point 
method,  for  the  following  experiments. 

1'33  grams  Potassium  bromide  in  water  as  solvent.     Mol.  wt,  119. 

1-20  9-5  c.c.  63 

0-98  11-5  63 

0-88  13-5  60 

0-82  150  58 

1*04  grams  PhthaUc  anhydride  in  alcohol.     IMol.  wt.  148. 

1-50  7-0  c.c.  154 

0-96  10-8  156 

0-70  14-8  156 

0-60  18-0  150 

1"4G  grapQS  Dijihenylamine  in  alcohol.     Mol.  wt.  169. 

1-02  13-0  c.c.  172 

0-80  16-5  172 

072  19-0  167 

I -46  grams  Dij)henylaimne  in  ether.  Mol.  wt.  169. 

2-72                           9-3  175 

2-42                          10-5  174 

2-20                          11-8  171 

1-82                         14-5  168 

1-80                         15-3  161 
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These  results  are  sufficient  to  indicate  that,  even  by  using  a  single 
thermometer  with  a  scale  reaching  to  102^^,  and  graduated  in  fifths  of 
a  degree,  numbers  for  the  molecular  weights  are  rapidly  obtained  by 
this  method,  which  are  accurate  enough  for  pi-eparatory  or  research 
work  in  organic  or  inorganic  chemistry.  For  such  purposes,  the  more 
exact  methods,  indispensable  for  physico-chemical  work,  entail  a  com- 
plexity of  apparatus,  and  an  expenditure  of  time  and  trouble  out  of 
all  proportion  to  the  actual  value  of  the  accuracy  attained.  The  points 
in  which  the  above  method  differs  from  Landsberger's  are,  first,  that 
a  series  of  determinations  can  be  made  with  the  same  quantity  of  mate- 
rial ;  and  second,  that  only  one  weighing  is  necessary  for  the  whole 
series,  whereby  a  great  saving  of  time  is  effected. 

University  College, 
Dundee. 


LIV. — Rate  of  Escape  of  Ammonia  from  Aqueous 
Solution. 

By  Edgar  Philip  Perman,  D.Sc. 
In  a  recent  paper  on  "  Eate  of  Escape  of  Gases  from  Solutions  of 
varying  Concentration"  (Trans.,  1895,  67,  pp.  868  and  983),  the 
author  has  shown  that,  if  a  current  of  air  is  aspirated  at  a  uniform  rate 
through  an  aqueous  solution  of  ammonia,  the  amount  of  ammonia  in 
solution  at  any  time  t  mins.  from  the  beginning  of  aspiration  is  accu- 
rately represented  by  the  equation  log  q  —  a  +  ht,  where  5^  =  amount  of 
ammonia  in  solution  ;  a  and  b  are  constants. 

It  was  suggested  by  Mr.  Vernon  Harcourt  that  it  would  be  better 
to  measure  the  volume  of  air  passing  through  the  solution  by  means  of 
a  meter,  instead  of  measuring  the  time  of  aspiration.  A  meter  pro- 
cured from  Messrs.  Alexander  Wright  and  Co.  was  tested  by  aspirating 
measured  volumes  of  air  through  it  at  varying  rates,  and  also  by  forcing 
air  through  it.  The  results  of  these  experiments  proved  the  probable 
error  of  the  meter  to  be  less  than  1  per  cent. 

Some  experiments  were  then  made  to  discover  whether  the  formula 
log  q  =  a  +  bt  could  be  replaced  by  log  q  =  a  +  bV,  F=vol.  of  air  (in 
litres)  aspirated  through  the  solution.  The  apparatus  was  similar  to 
that  used  in  the  previous  research,  except  in  the  following  particulars ; 
two  sets  of  absorption  flasks  were  used,  so  that  the  air-current  could 
be  passed  through  either  set  by  means  of  two  T-pieces  and  four  clips. 
Fig.  1,  p.  512.  A  thermometer,  T,  divided  to  0-1°  was  fixed  into  the 
aspiration  flask  B  by  means  of  a  cement  of  litharge  and  glycerol.  The 
air  passed  first  through  the  meter  M,  then  through  a  lead  pipe  K,  coiled 
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in  the  dish  of  water,  to  the  first  flask  A,  wliich  coutaiued  water  so 
as  to  saturate  the  air  with  aqueous  vapour,  and  to  make  up  for  loss 
of  water  by  evaporation  in  B.  B  contained  the  ammonia  solution  ; 
its  capacity  was  a  little  more  than  50  c.c,  thus  leaving  very  little 
spare  space,  50  c.c.  being  the  amount  of  the  solution  always  used.  C 
contained  a  measui'ed  quantity  of  standard  sulphuric  acid  solution, 
and  D  and  E  contained  distilled  water.  Nearly  the  whole  of  the 
ammonia  drawn  off  was  absorbed  by  the  acid  in  C,  only  traces  were 
found  in  D  and  E,  and  the  total  amount  of  ammonia  was  ascertained 
to  be  equal  to  that  taken  at  the  beginning  of  the  experiment. 

As  it  was  found  that  the  thermometer  fell  05°  or  more  in  a  few 
minutes  after  beginning  the  aspiration,  the  first  portion  of  ammonia 
was  not  estimated ;  as  soon,  however,  as  the  temperature  became  con- 
stant, the  air  current  was  directed  through  the  other  set  of  flasks, 
and  the  ammonia  absorbed  was  afterwards  estimated.  In  some 
of  the  experiments,  a  barrel  was  used  as  an  aspirator,  but  the  water 
pump  and  the  regulator  were  always  used  with  a  quick  air  current. 
The  following  numbers  were  obtained  with  a  current  of  air  of  I'lSO 
litres  per  min. 

Temp,  of  solution  13  4°. 

Vol.  of  air  aspirated.  *     1 
0  litre 
7 

15 
24 
31 
40 

a  =  0-5666,  h=  -0-004765. 

This  was  one  of  the  quickest  currents  used,  and  the  experiment  was 
a  difficult  one,  owing  to  the  short  time  available  for  recharging  the 
flasks  with  acid  solution.  The  aspiration  was  continuous  throughout 
the  experiment ;  while  the  absorption  of  ammonia  was  going  on  in 
one  set  of  flasks,  the  other  set  was  being  recharged. 

These  results  show  that  the  values  of  log  q  are  accurately  given  by 
the  equation  log  5"  =  a  +  6  r  under  the  conditions  of  the  experiment, 
or  it  maybe  written  log  q  =  a-hV,  when  b  becomes  positive.  The 
conditions  were  varied  in  several  different  ways  in  order  to  discover 
the  relation  between  them  and  the  rate  of  escape  of  the  ammonia. 

"  The  volumes  given  .ire  those  read  on  the  meter. 

t  The  numbers  in  brackets  were  taken  as  data  for  finding  the  value  of  b,  and 
from  this  tlie  other  values  of  log  q  were  calculated. 


Vi/3  in  solution 

Uj). 

Log  q  {ohservcd). 

Loq  q  {cal. ). 

3-686  grams 

0-5666 

(0'-5666)t 

3-406 

0-5322 

0-5332 

3-117 

0-4937 

0-4951 

2-823 

0-4507 

0-4522 

2-619 

0-4181 

0-4179 

2-377 

0-3760 

(0-3760) 

514  PERMAN:    RATE   OF    ESCAPE   OF 


Variation  of  Concentration. 

lu  order  to  obtain  the  greatest  possible  variation  in  the  concentra- 
tion of  the  ammonia  solution,  50  c.c.  of  strong  solution  were  taken, 
and  the  ammonia  drawn  off  until  only  about  1  gram  remained  ;  although 
it  was  found  impossible  to  keep  the  temperature  very  constant,  owing 
to  the  rapid  loss  of  heat  caused  by  the  evaporation  of  the  ammonia,  it 
was  maintained  as  nearly  as  possible  at  20°  by  adding  hot  water  when 
necessary.     The  results  obtained  are  here  given. 

Concentrated  Ammonia  Solution. 

Temperature  of  solution,  19-9°,  Bar.,  766  m.m.  Rate  of  air  current, 
about  0"3  litre  per  minute.  Temperature  of  air  passing  through  the 
meter,  15° 


Vol.  of  air  aspirated. 

NH^  in  solution  {q) 

Log  q. 

Alog  q/A  V 

0  litres 

14-207  grams 

1-1525 

0-0414 

2 

11-742 

1-0697 

00263 

5-5 

9-496 

0-9775 

00186 

11-5 

7-345 

0-8660 

0-0141 

22 

5-218 

0-7175 

0-01101 

42 

3-138 

0-4966 

0-00019 

62 

2-055 

0-3128 

\J    \J\J  U  X  \J 

0-00851 

89 

1-211 

0-0831 

If  the  equation  log  q  =  a-bV  held  for  all  concentrations  of  tlie 
solution,  the  values  of  A  log  rj/^V  would  be  constant,  but  the  value 
is  seen  to  increase  largely  with  tlie  concentration.  No  simple  formula 
has  been  found  which  will  express  the  relation  between  q  and  V  in  the 
case  of  concentrated  solutions.  The  experimental  results  are  prob;\bly 
not  very  accurate,  owing  to  the  difficulty  in  keeping  the  temperature 
of  the  .solution  constant. 

The  ammonia  solution  used  for  further  experiments  contained  about 
70  grams  of  ammonia  per  litre  at  a  temperature  of  15°.  No  ;\ttempt 
was  made  to  preserve  the  solution  at  exact!)/  the  same  concentration, 
as  small  alterations  make  no  difference  in  the  value  of  b  found  from 
the  experiments.  It  has  already  been  shown  tliat,  with  such  a  solution, 
more  than  1  gram  of  ammonia  may  be  removed  without  causing  any 
di.screpancy  in  the  results  calculated  from  the  logarithmic  formula, 
and  this  will  be  confirmed  by  many  more  results  given  later  on. 

Variation  in  the  Bate  of  Air-current. 

The  two  foHowing  experiments  were  carried  out  at  a  temperature  of 
13-4°  with  very  different  rates  of  air-current.     The  numbers  calculated 
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from  the  logarithmic  formula  are  seen  to  express  well  the  experimental 
results. 

Rate  of  air-current,  0-637  litre  per  miuuto.    Temperature  of  ammonia 
solution,  13-4'^.     Pressure  in  aspiration  flask,  758  mm. 


Fol.  of  air  aspirated. 
0  litres 
6 

NIT^  in  sol. 
3-678, 
3-439 

{q). 
grams 

log  q  {observe 
0-5656 
0-5364 

;rf). 

log  q  {cal. ). 

(0-5656) 

0-5368 

12 

3-217 

0-5075 

0-5081 

18 

3-010 

0-4786 

0-4793 

24 

2-819 

0-4501 

0-4506 

30 

2-641 

0-4218 

(0'4218) 

Rate  of  air-current,  0-20  litre  per  min.  Temp,  of  ammonia  solution, 
13-4°.     Pressure  in  aspiration  flask,  750  mm. 

Vol.  of  air  aspirated.  JVIT3  in  sol.  {q).  log  q  {observed).  log  q  {cal.). 

0      litres  3-649  grams  0-5622  (05622) 

6-05  3-413  0-5331  0-5325 

12-10  3-194  0-5043  0-5027 

18-15  2-980  0-4742  0-4730 

24-20  2-781  0-4442  0-4433 

30-25  2-591  0-4135  (0-4135) 

The  rate  of  escape  of  the  ammonia,  when  any  definite  amount  q 
grams  of  ammonia  is  in  solution,  is  found  by  differentiation  of  the 
expression  log  5  =  a  —  SF  to  be  hq  ;  that  is,  the  amount  of  ammonia 
that  would  be  removed  by  passing  1  litre  of  air  through  the  solution, 
supposing  the  strength  of  the  solution  to  remain  constant,  is  hq  grams ; 
b  is  therefore  a  measure  of  the  rate  of  escape  of  the  gas  from  any  solution  as 
long  as  the  logarithmic  law  holds  good ;  it  is,  in  fact,  the  amount  of 
ammonia  that  would  be  drawn  off  by  1  litre  of  air,  supposing  the 
solution  to  always  contain  1  gram  of  ammonia. 

A  number  of  experiments  were  carried  out  under  conditions  simihar 
to  those  already  described,  and  the  process  was  simplified  by  making 
one  continuous  aspii-ation  after  the  temperature  of  the  solution  had 
become  constant ;  b  was  found  at  once  from  the  expression 
h  =  (a  — log  q)-rV,  a  being  the  logarithm  of  the  amount  of  ammonia  in 
the  solution  when  the  aspiration  commences,  and  q  the  amount  at  the 
end.  The  pressure  of  the  gases  in  the  aspiration  flask  was  read  by 
means  of  a  pressure-gauge  G,  Fig.  1,  (p.  512),  combined  with  the  reading 
of  the  barometer.  The  volume  of  air  passed  through  the  solution  was  in 
every  case  reduced  to  the  pressure  in  the  aspiration  flask  and  the 
temperature  of  the  solution  before  calculating  the  value  of  b.  The 
air  was  assumed  to  become  saturated  with  aqueous  vapour  on  passing 
through  the  meter ;  that  this   is  the   case  was  proved  by  testing  the 
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meter  with  air  passing  in  from  a  dry  room,  and  again  with  air  saturated 
with  aqueous  vapour  by  bubbling  through  three  flasks  containing 
water.     The  results  show  no  difference  in  the  two  cases. 


Barrel. 

Meter. 

5  litres 

4*97  litres,  dry 

5 

4  "9  9      ,,      saturated 

5 

4-93      „      dry 

5 

4  "93      ,,      saturated 

In  calculating  b,  the  volume  read  on  the  meter  was  corrected  to  the 
corresponding  volume  of  dry  air,  and  then  reduced  to  the  temperature 
and  pressure  of  the  solution.  It  may  be  said  that  the  volume  of  air 
at  its  partial  jn'^ssure  in  the  aspiration  flask  should  be  reckoned  ;  but 
the  partial  pressure  is  not  constant,  owing  to  the  escape  of  the 
ammonia,  and,  moreovei",  if  it  could  be  calculated  in  that  way,  equal 
volumes  read  on  the  meter  would  not  represent  equal  volumes  in  the 
aspiration  flask,  and  the  logarithmic  equation  would  not  hold  at  all. 
To  take  an  example,  the  amount  of  ammonia  drawn  off  by  20  litres  of 
air  in  an  experiment  at  20°  was  0'89  gram,  which  at  the  temperatui'e 
of  the  solution  would  occupy  as  a  gas  a  volume  of  1'26  litres;  this 
gives  as  the  mean  pressure  of  the  ammonia  present  in  the  mixture  of 
ammonia  and  air  (neglecting  the  aqueous  vapour)  1 '26/20  =  0'063 
atmosphere ;  the  actual  pressure  of  the  ammonia  will,  however,  decrease 
as  the  ammonia  is  drawn  off,  and  will  be  roughly  proportional  to  the 
strength  of  the  solution,  as  shown  by  the  experiments  of  Roscoe  and 
Dittmar  on  the  solubility  of  ammonia  at  different  pressures.  The 
strength  of  the  ammonia  solution  varies  about  one-fourth  ;  therefore, 
the  pressure  of  the  ammonia  in  the  gaseous  mixture  will  vary  about 
0"063/4  =  0'016  atmosphere,  an  amount  which  would  affect  the  experi- 
mental results  to  a  very  appreciable  extent.  It  would  seem  that  the 
molecules  of  air  only  are  effective  in  carrying  off  the  ammonia.  How- 
ever this  may  be,  the  method  of  calculating  the  volumes  adopted  is  the 
most  convenient  for  obtaining  comparable  results  under  various  con- 
ditions. 

For  the  temperature,  13*4'^,  the  following  values  of  b  were  obtained  ; 
the  experimental  data  are  given  in  the  Appendix  (p.  526). 


Rate  of  air  current. 

b. 

Barometer. 

1-271  litres 

per  min. 

0-00477 

750  mm. 

M40 

0-00480 

— 

0-918 

0-00478 

771 

0-850 

0-00484 

742-5 

0-653 

000490 

766 

0-637 

000490 

758 
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f  air  cicrrent. 

b. 

Barometer. 

0-400  litres 

per 

min.         0-00470 

761  ram, 

0-394 

0-00483 

743 

0-200 

0-00499 

752 

0-180 

0-00498 

758 

0-138 

0-00475 
Mean  0-00484 

761 

Individual  results  show  considerable  variation,  but  no  connection 
can  he  traced  between  the  values  of  b  and  the  rates  of  air  current,  or 
between  the  values  of  h  and  barometic  pressure. 

In  order  to  make  certain  of  the  latter  point,  a  series  of  experi- 
ments was  carried  out  with  the  ammonia  solution  under  various 
pressures. 

Variation  of  Pressure. 

In  order  to  aspirate  air  at  less  than  atmosphei-ic  pressure  through 
the  ammonia  solution,  another  regulator  containing  mercury  was 
substituted  for  the  water  I'egulator ;  it  was  made  of  a  long,  wide  glass 
tube.  A  stopcock  was  placed  between  the  flask  A  (Fig.  1)  and  the  meter 
in  order  to  regulate  the  air  cui-rent,  and  at  the  same  time  the  pressure 
in  the  aspii'ation  flask.  Otherwise,  the  arrangement  of  the  apparatus 
was  exactly  as  before.  The  air  passing  through  was  measured  by  the 
meter  at  atmospheric  pressure.  Great  care  was  taken  to  avoid  any 
leak  between  the  aspiration  flask  and  the  meter.  The  following 
results  were  obtained  by  aspirating  in  stages. 

Pressure  in  aspiration  flasli,  623  tnm. 

Temperature  of  solution  19-9°.  Eate  of  air-current,  0-62  litre  at 
the  reduced  pressure. 

Vol.  of  air  aspirated, 


read  on  meter. 
0  litres 
5 

NH.^  in  solution  [q). 
3-224  grams 
2-936 

log  q. 
0-5084 
0-4678 

Calculated. 

(0-5084) 

0-4675 

10 

2-676 

0-4275 

0-4266 

15 

2  433 

0-3861 

0-3855 

20 

2-215 

0-3454 

0-3447 

25 

2013 

0-3038 

(0-3038) 
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Pressure  in  aspiration  flashy  429  mm. 

Temperature  of  solution,   19-9°.     Rate  of  air-current,  0-40  litre  per 
min. 

log  q  (cal.). 

(0-5339) 
0-4960 
0-4582 
0-4203 
0-3825 

(0-3446) 

The  logarithmic  law  was  thvis  proved  to  hold  for  large  variations  of 
pressure,  and  some  further  results  were  obtained  by  the  short  method. 

Temperature  of  the  solution,  19'9°. 


of  air  as^nratcd. 
0  litres 
3 
6 

Nff-i  in 
3-419 
3-131 

2-874 

solution  (q). 
grams 

log  q. 
0-5339 
0-4957 
0-4585 

9 

2-641 

0-4218 

12 

2-417 

0-3833 

15 

2-211 

0-3446 

Pressure  in  aspiration 
941  mm. 

JlnsJc. 

b. 
0-00642 

Hate  of  air-current. 
0-50  litre  per  min. 

623 

0-00666 

0-62 

591 

0-00655 

0-50 

513 

0-00666 

0-40 

435 

0-00685 

0-50 

429 

0-00702 

0-40 

The  first  result  on  the  table,  at  a  pressure  higher  than  atmospheric, 
was  obtained  by  forcing  air  through  the  solution  by  means  of  a  water- 
air  pump  used  as  a  condenser.  The  outlet  of  the  pump  was  connected 
with  a  stoneware  barrel,  and  the  water  was  run  out  by  a  tube  at  the 
bottom.  To  keep  the  pressure  constant,  the  excess  of  air  was  made 
to  bubble  through  a  tube  dipping  a  certain  depth  under  mercury. 
The  meter  was  connected  to  the  last  flask  in  the  series  with  a 
stopcock  between  them,  so  that  the  air  was  measured  by  the  meter 
at  atmospheric  pressure.  In  calculating  the  values  of  i,  the 
volumes  of  air  read  on  the  meter  (at  atmospheric  pressure)  wore  re- 
duced to  the  pressure  in  the  aspiration  flask  as  given  by  the  gauge 
and  the  barometer.  These  results  show  that  a  variation  of  50  mm.  in 
the  pressure  produces  an  inverse  variation  of  about  1  per  cent,  in  the 
value  of  b.  The  effect  of  variation  of  atmospheric  pressure  on  the 
value  of  b  may  therefore  be  neglected. 

Variation  of  Tetnperaturc. 

It  has  been  already  mentioned  that  the  temperature  of  the  solution 
was  noted  by  means  of  a  thermometer,  divided  into  tenths  of  a  degree, 
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cementediulo  the  aspiivaiiou  flask.  The  thermometer,  which  was  obtained 
from  Messi'S.  C  E.  Miiller  and  Co.,  was  carefully  tested  ;  the 
following  readings  were  obtained. 


Thermometer  reading. 
100-55° 
34-9 
0-13 


Eeal  temp. 
100-15°     (boiling  water) 
34-8        (       „       ether) 
0-0  (melting  ice) 


Some  time  after  the  experiments  in  which  this  thermometer  was 
used  had  been  completed,  it  was  compared  with  a  thermometer  which 
had  been  directly  compared  with  an  air  thermometer ;  the  zero  point 
was  then  0-3°;  allowing  for  this  alteration,  the  temperatures  agreed 
to  0-1°  up  to  50°.  The  real  temperatures  were  therefore  taken  as 
0-1°  lower  than  the  thermometer  reading,  up  to  40°;  above  this 
temperature,  another  thermometer  was  used.  The  latter  thermometer 
Avas  compared  with  a  simple  form  of  constant-volume  air-thermometer, 
and  also  with  the  boiling  points  of  carbon  bisulphide  and  water.  The 
numbers  obtained  are  as  follow. 


Ecctl  temp. 

Thermometer  reading 

[.  p.  of  ice 

0-0° 

0-2° 

Jr  thermometer 

11-3 

11-5 

^, 

16-6 

16-9 

5) 

16-4 

16-6 

)  J 

36-5 

36-6 

>> 

28-6 

28-8 

.  p.  of  CS2  at 

750  mm. 

45-85 

46-1 

5» 

757    „ 

46-1 

46-4 

.  p.  of  H.,0 

744    „ 

99-4 

99-95 

If  0-2°  is  subtracted  from   the  thermometer  reading  below  30"^,  and 
0-3°  between  30°  and  50°,  the  remaining 
error  is  never  more  than  0-1°.     At  60°, 
0-4°  was  subtracted. 

An  experiment  was  made  in  order  to 
determine  whether  the  air  and  other 
gases  leaving  the  solution  are  at  the 
same  temperature  as  the  solution  itself, 
the  operation  being  conducted  in  a 
flask,  Fig.  2,  furnished  with  two  thermo- 
meters, I  and  II,  one  to  register  the  tem- 
perature of  the  solution  and  the  other 
that  of  the  gas.  The  results  showed 
that  the  difference  between  the  tempera- 
ture of  the  solution  and  that  of  the  gases 
leaving  it  was  not  more  than  0-2°. 

M  M  2 
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Various  temperatures  up  to  4()"  were  employed  with  the  apparatus 
Fig.  1  ;  the  temperature  was  kept  constant  by  the  addition  of  hot 
water  wJien  necessary,  the  pan  being  surrounded  by  a  flannel  jacket 
for  the  higher  temperatures.  The  temperature  was  allowed  to  fall 
0-2°,  and  then  hot  water  was  added  until  it  rose  0*2°  aliove  the  stated 
temperature,  then  allowed  to  fall  to  0-2°  below  this  temperature,  and 
so  on.  The  logarithmic  law  was  found  to  hold  good  up  to  46°,  as 
shown  by  the  following  experiments. 

Temperature  of  ammonia  solution,  39-9°.  Kate  of  air-current,  0-4 
litre  per  min.     Pressure  in  aspiration  flask,  737  mm. 


VoL  of  air  asph 
0  litres 
3 

<-(Uc(i. 

NH^  in  solution  (q. ) 
3-273  grams 
2-889 

log  q. 
0-5149 
0-4607 

l0(J  q    (cah). 

(0-5149) 
0-4616 

3 

2-555 

0-4074 

0-4083 

3 

2-256 

0-3533 

0-3550 

3 

2-004 

0-3018 

(0-3018) 

Temperature  of  ammonia  solution,  46-1°.  Rate  of  air-current,  0-4 
litres  per  min.     Pressure  in  aspiration  flask,  769  mm. 

Vol.  of  air  aspirated.  NH^in  sohotion{q.)  log  q.  lo<j  q.  (cat.) 

0  litres  1-1651  grams  0-0663  (0-0663) 

3  08626  1-9358  1-9324 

3  0-6394  T-8058  1-7985 

3  0-4666  T-6689  1-6646 

3  0-3393  T-5306  (1-5306) 

This  last  experiment  was  carried  out  with  different  apparatus  from 
that  previously  used  ;  the  aspiration  flask  B.  contained  only  about  25  c.c, 
aud  both  it  and  the  flask  A  containing  water  were  jacketted  by  means 
of  carbon  bisulphide  vapour,  Fig.  3.  The  carbon  bisulphide  was 
boiled  in  the  bulb  C,  and  condensed  at  D.  This  arrangement  did  not 
give  such  accurate  results  as  the  other,  for  two  reasons,  namely  (1), 
only  half  the  amount  of  ammonia  solution  was  used  ;  (2),  the  tem- 
perature could  not  be  maintained  quite  constant ;  it  rose  slowly  during 
the  experiment,  owing  to  the  decrease  in  the  rate  of  evaporation  of  the 
ammonia ;  in  the  exijeriment  of  which  the  results  are  given  above,  the 
temperature  rose  0-4°  ;  the  mean  temperature  is  given. 

Similar  experirifients  were  made  at  a  higher  temperature,  using 
chloroform  instead  of  carbon  bisulphide,  but  in  that  case  the 
logarithmic  law  did  not  hold  even  with  considerably  more  dilute 
solutions.     This  is  proved  by  the  following  results. 

Temperature  of  the  solution,  60-1°.  Rate  of  air-current,  005  litre 
per  min.     Pressure  in  aspiration  flask,  758  mm. 
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A  loij  q. 

0-0673 
0-0618 
0-0033 
0-0479 


The  values  of  dlog  q  decrease  rapidly,  instead  of  remaining  constant 
as  at  lower  temperatures. 

Fia.  3. 


Vul.  uf  air 

aspi 

•alcd. 

NH.^  in  Sb 

hUion 

('/)■ 

hxj  q. 

0 

litr 

es 

1-645 

grams 

0-2162 

0-5 

1-409 

01489 

1-0 

1-222 

0-0871 

1-5 

1-081 

00338 

2-0 

0-9G8 

1-9859 

The  following  experiment  was  carried  out  with  a  much  more  dilute 
solution,  but  with  a  similar  result. 

Temperature  of  the  solution,  60-2°.  Rate  of  air-current,  0-1  litre 
per  min.     Pressure  in  aspiration  flask,  759  mm. 

A  log  q, 

0-0422 
0-0381 
0-0361 


Vol.  of  air  aspirated. 

NH^  in  solution  {q). 

log  q. 

0     litres 

0-5998  gram 

1-7780 

0-5 

0-5442 

1-7358 

1-0 

0-4985 

T-6977 

1-5 

0-4588 

T-6616 
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Using  a  still  more  dilute  solution,  A  log  q  became  more  regular,  but 
there  is  evidently  a  large  experimental  error. 

Tempeiature  of  the  solution,  59'7°.  Rate  of  air-current,  01  litre 
per  min.     Pressure  in  aspiration  flask,  745  mm. 

A  log  q.  log  q  {cal. ). 

(1-5276) 

0-0650  j.3sg^ 

0-0724  j.3j3g 

00718  j.2^92 

0-0762  ^^.^^gg^ 

A  dilute  solution  of  ammonia,  at  a  high  temperature,  behaves  in  a 
similar  way  to  a  concentrated  solution  at  a  lower  temperature  ;  the 
pressure  of  the  ammonia  becomes  so  great,  that  the  air  passing  through 
the  solution  takes  up  far  more  ammonia  than  would  be  required  by  the 
logarithmic  formula.  This  formula  has  been  proved  to  hold,  for  solu- 
tions of  moderate  concentration,  between  0°  and  46° ;  between  these 
limits,  therefore,  the  simplified  method  of  finding  the  value  of  h,  des- 
cribed on  page  515,  may  be  used  ;  a  large  number  of  experiments  were 
carried  out  in  that  way  at  different  temperatures. 

The  following  are  the  results  obtained  both  by  the  full  and  the 
short  methods  (those  at  13-4°  have  already  been  given). 

Temperature,  0°. 


Vol.  of  air 
aspirated. 

0  litres 

NH^  in 
solution  (q). 

0-3370  gram 

loq  q. 

T-5276 

1 

0-2919 

T-4652 

2 

0-2513 

T-4002 

3 

0-2127 

1-3278 

4 

0-1803 

T-2560 

5 

0-1513 

1-1798 

Eate  of  air-current  per 

minute.           h. 

Preasure  in  aspiration  Jlask. 

0-825  litre 

0-00243 

741  mm. 

0-605 

0-00258 

753 

0-370 

0-00258 

747 

0-179 

0-00270 
Meu,n  0-00261-5. 

745 

Temperature,  13-4° 

(see  page  516). 

Temperature,  19-9° 

Eate  of  air-current  per 

minute,           h. 

Pressure  in  aspiration  ftiisl: 

0-879  litre 

0-00643 

760  mm. 

0-616 

0-00648 

759 

0-500 

0-00650 

770 

0-421 

0-00665 

— 

0-400 

0-00655 

766 

0-319 

0-00645 

760 

0-220 

0-00666 

764 

0-180 

0-00660 
Mean  0-00654 

748 
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Temperature,  29-9°. 


Rate  of  air-carrcnt  per  minute.  h. 

0-860  litre  001023 

0-433  0-01043 

0295  0-01034 

Mecm  001033 


Pressure  in  aspiration  JlasJc. 
761  mm. 
755 
758 


Tem2Jerature,  39-9°. 


Rate  of  air-current  per 
0-822  litre 

minute. 

b. 
0-01622 

Pressjire  in  aspiration  flask. 
754  mm. 

0-460 

0-01612 

766 

0-400 

001670 

740 

0-292 

0-01650 

765 

Mean  0-01638 

Temperature,  about  iQ^ 


Rate  of  air -current 


Temperature. 
45-9° 

per  minute. 
0-10  litre 

b. 
0-02198 

Pressicre. 
758  mm. 

45-5 

0-40 

0-02227 

767 

46-0 

0-40 

0-02026 

769 

Mean  48-8 

Mean  0-02150 

The  values  of  h  in  the  last  series  do  not  vary  regularly  with  the  tem- 
perature, and  so  the  mean  of  the  temperatures  and  the  mean  of  the 
pressui'es  have  been  taken,  in  order  to  obtain  as  accurate  a  result  as 
possible.  The  mass  of  water  present  in  the  ammonia  solution  in  the 
aspiration  flask  in  these  experiments  was  only  half  that  in  the  experi- 
ments at  lower  temperatures.  It  has  been  shown  that,  if  the  mass  of 
water  remains  constant,  the  rate  of  escape  of  the  ammonia  is  propor- 
tional, within  certain  limits,  to  the  amount  of  ammonia  present.  It 
may  be  inferred  from  this  that,  if  the  amount  of  water  is  altered, 
within  certain  limits,  the  rate  of  escape  of  the  ammonia  will  be 
inversely  proportional  to  the  amount  of  water  present,  supposing  the 
quantity  of  ammonia  to  remain  constant.  The  following  are  the 
results  of  experiments  made  to  prove  this  point. 

b  corrected  b  found  when 

to  50  c.c.  50  c.c. were  used. 

0-00660  0-00654 

0-00498  0-00485 

0-00500  0-00485 

The  agreement  is  veiy  good  with  the  25  c.c.  experiment,  but  not  so 
good  with  the  smaller  volume  when  the  experimental  error  was  greater 


19-9° 

Vol.  of  solution 
taken  (15°). 
25  c.c. 

b. 

0-01321 

13-4 

20 

0-01245 

13-4 

20 

0-01251 

624 
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The  value  of  h  obtained  wit4i  the  small  flask  iu  carbon  bisulphide 
vapour  was  corrected  in  the  same  way,  that  is,  it  was  halved. 

At  each  temperature  various  rates  of  air-current  were  employed, 
but  no  certain  connection  has  been  traced  between  the  rate  of  air- 
current  and  the  value  of  S,  although  there  appears  to  be  a  tendency  for 
the  latter  to  increase  as  the  former  decreases. 

Attempts  were  made  to  discover  some  simple  connection  between 
the  rate  of  escape  of  the  ammonia,  measured  by  h,  and  the  temperature 
of  the  solution.  After  several  trials,  it  was  found  that  the  relation 
is  accurately  represented  by  the  equation  log  6  =  a  -t-  (it,  where  a  is  a 
constant  (namely,  log  h  at  0°),  /S  a  constant, and  t  the  number  of  degrees 
in  the  temperature  on  the  centigrade  scale.  The  value  of  /3,  calculated 
between  0°  and  39-9°,  is  001997  ;  the  experiments  at  46°  are  not  so 
accurate,  and  are  therefore  not  employed  for  this  purpose.  The 
results  are  given  in  the  following  table. 


t". 

h. 

log  h. 

loq  h  {cal.) 

0° 

0-002615 

3-4172 

(3-4175) 

13-4 

0-00485 

3-6857 

3-6851 

19-9 

0-00654 

3-8156 

3-8149 

29-9 

0-01033 

2-0141 

2-0146 

39-9 

0-01638 

2-2143 

(2-2143) 

45-8 

0-02150 

2-3324 

2-3321 

It  will  be  seen  that  the  agreement  between  the  observed  and  calculated 
values  is  extremely  close.  There  is  no  reason  (except  that  of  conve- 
nience) for  reckoning  the  temperatures  from  zero  ;  if  absolute  tempe- 
ratures are  taken,  an  exactly  similar  expression  can  be  found. 

It  should  be  mentioned  that  no  correction  has  been  applied  for  the 
expansion  of  the  ammonia  solution  on  heating.  The  amount  of  ex- 
pansion was,  however,  proved  to  be  very  small.  The  density  of  the 
solution  made  use  of  was  found  at  different  temperatures  by  weighing 
in  a  .specific  gravity  bottle. 


Temp. 

JFeigJd  o/50  c.c. 

Vol.  of  1  gram. 

0° 

48-801  grams 

1-025  c.c. 

20-2 

48-594 

1-029 

30-1 

48-437 

1-032 

39-6 

48-264 

1-036 

The  total  amount  of  expansion  between  0°  and  40°  is  thus  only 
about  1  per  cent.,  very  little  more  than  that  of  pure  water.  The  mass 
of  the  water  was  the  same  in  the  experiments  at  different  tempera- 
tures, and  it  is  difficult  to  say  what  would  be  the  nature  of  a  correc- 
tion for  alteration  in  volume  only.  It  appears,  however,  to  be 
unnecessary. 
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It  will  be  interesting  to  combino  the  two  equations,  log  q  -a-h V, 
and  log  h  =  a  +  (St.     Let  a  =  log  a  ,  and  a  =  log  a, 

thus  q  =  a'  (10) -^^  and  &  =  a'  (10)^«. 

Therefore  q  =  rt'.lO""'^'-^"^',  or  log  q  =  a-  y,  if  log  y  =  a  +  log    r+  [Si. 

If  a  certain  volume  of  air  is  aspirated  through  an  aqueous  ammonia, 
solution  at  a  constant  temperature  (between  0°  and  46"),  the  amount  of 
ammonia  left  in  solution  can  be  at  once  calculated  from  the  above 
expression. 

5'  =  amount  of  ammonia  left  in  solution. 

a  =  log  of  amount  of  ammonia  in  the  solution  at  the  beginning  of 
the  aspiration. 

a  =  log  of  value  of  b  at  0'^. 

F=  volume  of  air  aspirated  through  the  solution,  reckoned  as  dry  air 
at  the  temperature  and  pressure  (by  gauge)  of  the  solution.  Before 
passing  into  the  solution,  the  air  is  saturated  with  moisture  at  the 
tempei'ature  of  the  solution. 

y8  =  a  constant. 

t  =  temperature  of  the  solution  in  degrees  centigrade. 

In  woi'king  out  this  expression,  the  mass  of  water  has  been  assumed 
to  be  constant.  If  it  varies,  the  equation  log  q  =  a  -  bV  will  become 
log  q  =  a—  Vbjm  where  m  =  mass  of  water  present.  It  will  only  hold, 
however,  within  certain  limits. 

The  final  equation  then  becomes  log  q  =  a-  y,  where  log 
y  =  a-  log  m  +  (3t  +  log  V. 

If  the  ammonia  solution  were  simply  a  mechanical  mixture  of  water 
and  ammonia  molecules,  the  ammonia  would  be  carried  off  according 
to  the  logarithmic  equation,  log  q  =  a-bV,  just  as  if,  for  example, 
10  c.c.  of  water  were  added  to  and  mixed  with  a  litre  of  ammonia 
solution,  and  then  10  c.c.  of  the  solution  were  withdrawn,  10  c.c.  more 
of  water  were  added,  another  10  c.c.  of  the  solution  withdrawn,  and 
so  on  ;  then  the  amount  q  of  ammonia  present  would  be  represented  by 
the  same  expression,  log  q  =  a-bV,  F  being  the  volume  of  water  that 
had  been  added  to  (or  withdrawn  from)  the  solution.  The  ammonia  is 
actually  carried  off  by  a  current  of  air  in  this  way  from  dilute  solu- 
tions, but  the  rate  of  escape  from  a  concentrated  solution  is  far  greater 
than  required  by  this  equation,  probably  owing  to  the  less  attraction 
(in  proportion  to  the  amount  of  ammonia  present)  between  the  water 
and  the  ammonia  in  concentrated  solutions.  The  author  is  at  present 
engaged  in  further  experiments,  the  object  of  which  is  to  discover  the 
effect  of  the  addition  of  various  substances  to  the  solution  on  the  rate 
of  escape  of  the  ammonia.  He  is  also  investigating  the  vapour- 
pressure  of  ammonia  solution  by  a  statical  method.     In  conclusion,  he 
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Appendix. 


Temperature  of  solution,  0°. 


Vol.  of 

Rate 

air  in 

of  air- 

litres 

current 

Press,  in 

read  on 

in 

Temp. 

aspiration 

*q-i  in 

*q.2  in 

meter. 

litres. 

of  air. 

flask.      Bar. 

grams. 

gravis. 

b. 

27 

0-825 

13° 

752  mm.  752 

3-643 

3-153 

0-00247 

19 

0-605 

15 

766    766 

3-436 

3-087 

0-00262 

20 

0-370 

15 

—     — 

3-666 

3-275 

0-00262 

13-5 

0-171) 

15 

758    758 

3-731 

3-445 

0-00275 

Temperature  of  solution,  13-4°. 


25 

1-271 

14 

750 

750 

3-566 

2-724 

0-00477 

40 

1-140 

12 

— 

— 

3-686 

2-377 

0-00480 

34 

0-918 

11 

771 

771 

3-707 

2-549 

0-00478 

17 

0-850 

12 

742-5 

742-5 

3-597 

2-981 

000484 

19 

0-653 

16 

766 

766 

3-537 

2-870 

0-00490 

30 

0-637 

15 

758 

758 

3-678 

2-641 

0-00490 

21 

0-400 

15 

761 

761 

3-492 

2-788 

0-00470 

20-5 

0-394 

14 

743 

743 

3-620 

2-894 

0-00483 

30 

0-200 

14 

752 

760-5 

3-649 

2-591 

000499 

19 

0-180 

16 

751 

758 

3-509 

2-833 

0-00498 

12-8 

0-138 

15 

761 

761 

3-648 

3-175 

0-00475 

Tcinperatnre  of  sohUion,  19-9°. 


25 

0-879 

17 

760 

760 

3-558 

2-465 

000643 

20 

0-616 

16 

759 

759 

3-465 

2-576 

0-00648 

24 

0-500 

14 

770 

770 

3-620 

2-523 

000650 

17 

0-421 

17 

— 

— 

3-614 

2-792 

0-00665 

20 

0-400 

17 

766 

766 

3-328 

2-467 

0-00655 

20 

0-319 

21 

760 

760 

3-319 

2-484 

0-00645 

18 

0-220 

17 

764 

764 

3-738 

2-844 

000666 

18 

0-180 

17-5 

748 

755 

3-323 

2-529 

0-00660 

*  qj  and  rjo  tire  the  quantitios  of  ainnionia  in  tlie  aspiration  llask  at  the  begin- 
ning and  end,  respectively,  of  each  experiment. 
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I'uL  of 

air  ill 

litres 

read  on 

meter. 

22 

17-8 

21 


12 


Rate 
of  air- 
current 
in 

litre. 

0-860 
0-433 
0-295 


Temperature  of  solution,  29-9". 


Tepip. 
of  air. 

'l8° 
19 
18 


Press,  in 
aspiration 
flask.       Bar. 

761mm.  761 

755  755 

758  758 


{/rams. 
3-241 
3-450 
3-661 


q«  in 
grams. 

1-910 

2-235 

2-198 


12 

0-822 

13 

0-460 

12 

0-400 

14 

0-292 

Temperature  of  sohdion,  39-9°. 

16  754  754  2-562  1-591 

17  766  766  2-996  1-797 
19  740  740  3-273  2-004 
16  765  765  3-208  1-823 


0-01023 
0-01043 
0-01034 


0-01622 
001612 
0-01670 
0-01650 


Small  aspiration  Jlask.      Temperature  of  solution,  45-9^ 


4         0-10       16°     758  mm.   766  1-682       1-079       0-02198 

Temperature  of  solution,  45-5°. 
4         0-40       13       767  772  1-613       1-025       0-02227 


0-40 


Temperature  of  solution,  46-0°. 
14       769  774  M65       0-339 


0-02026 


Tem,perature  of  solution,  19-9°. 
12         0-40       16       744  744  1-719       1-192      0-00660 


18       0-360       15        — 
18       0-314       18       758 


Temperature  of  solution,  13-4° 
758 


2 

5& 


1-729   1-043   0-00498 
1-760   1-067   0-00500 


Variation  ofp'essu.re.     Temperature  of  solution,  19-9^^ 


26 

0-50 

18 

941 

769 

3-349 

2-457 

0-00642 

25 

0-62 

14-5 

623 

762 

3-224 

2-013 

0-00666 

18 

0-50 

16 

591 

763 

3-339 

2-356 

0-00655 

14 

0-40 

15 

513 

753 

3-314 

2-426 

0-00666 

11 

0-50 

13 

435 

760 

3-336 

2-457 

0-00685 

15 

0-40 

15 

429 

772 

3-419 

2-211 

0-00702 
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LV. — Note  on    The    Liquefaction  of  Hydrogen  and 

Helium. 

By  Prof.   Jamks  Dewak. 

In  a  paper  entitled  "  The  Liquefaction  of  Air  and  Pteseai'cli  at  Low 
Temperatures,"  read  before  the  Ohemical  Society  and  pul)lished  in  the 
Proceedings,  No.  158,  an  account  is  given  of  the  history  of  the  liquid 
hydrogen  problem  and  the  result  of  my  own  experiments  up  to  the 
end  of  the  year  1895.     The  facts  are  substantially  as  follows. 

Wroblewski  made  the  first  conclusive  experiments  on  the  liquefac- 
tion of  li3'drogen  in  January,  1884.  He  found  that  the  gas  cooled  in 
a  capillary  glass  tube  to  the  boiling  point  of  oxygen,  and  expanded 
quickly  from  100  to  1  atmos.,  showed  the  same  appearance  of  sudden 
ebullition,  lasting  for  a  fraction  of  a  second,  as  Cailletet  had  seen 
in  his  early  oxygen  experiments.  No  sooner  had  the  announcement 
been  made,  than  Olszewski  confirmed  the  result  by  expanding  hydrogen 
from  190  atmos.,  previously  cooled  to  the  temperature  given  by  liquid 
oxygen  and  nitrogen  evaporating  under  diminished  pressure.  Olszewski, 
however,  declared  in  1884  that  he  saw  colourless  drops,  and  by  partial 
expansion  to  40  atmos.  the  liquid  hydrogen  was  seen  by  him  running 
down  the  tube.  Wroblewski  could  not  confirm  Olszewski's  results, 
his  hydrogen  being  always  obtained  in  the  form  of  what  he  called  a 
"  liquide  dynamique,"  or  the  appearance  of  an  instantaneous  froth. 
The  following  extract  from  Wroblewski's  paper  (Comjit.  rend.,  1885, 
100,  981)  states  very  clearly  the  results  of  his  work  on  hydrogen  : — 
"  L'hydrogene  soumis  k  la  pression  de  180  atm.  jusqu'i  190  atm. 
refroidi  par  I'azote  bouillant  dans  la  vide  [k  la  temperature  de  sa 
solidification)  et  d^tendu  brusquement  sous  la  pression  atmospherique 
presente  une  mousse  bien  visible.  De  la  couleur  griso  de  cette  mousse, 
oil  I'ceil  ne  pent  distinguer  des  gouttelettes  incolores,  on  ne  pent  pas 
encore  deviner  quelle  apparence  aurait  l'hydrogene  a  I'^tat  de  liquide 
statique  et  Ton  est  encore  moins  autoi-is6  k  pr^ciser  s'il  a  ou  non  une 
apparence  metallique. 

"  J'ai  pu  placer  dans  cette  mousse  ma  pile  thermo-electrique  et 
j'obtenu  suivant  les  pressions  employees  des  temperatures  de  -208° 
jusqu'a -211°  C.  Je  ne  peux  pa.s  encore  dire  dans  quelle  relation  se 
trouvent  ces  nombres  avec  la  temperature  r<5ele  de  la  mousse 
et  la  temperature  d'ebuUition  de  I'iiydrogene  sous  la  pression 
atmospherique,  puisque  je  n'ai  pas  encore  la  certitude  que  la 
faible  duree  de  ce  ph^nomune  ait  permis  <i  la  pile  de  se  refroidir 
completement.  N6anmoins,  je  crois  aujourd'hui  de  mon  devoir  de 
publier  ces    resultats,  afin    de   pi-eciser   I'tjtat   actuel  de    la  (juestion 
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de  Jii  liqu(ifacLiou  de  I'hydrogene."  It  is  well  to  note  that 
the  lowest  thermo-electric  temperature  recorded  by  Wroblewski 
during  the  adiabatic  expansion  of  the  hydrogen,  namely,  -211°  is 
really  equivalent  to  a  much  lower  temperature  on  the  gas  thermometer 
scale.  The  most  probable  value  is  -  230°,  and  this  must  be  re- 
garded as  the  highest  temperature  of  the  liquid  state,  or  the  critical 
point  of  hydrogen  according  to  his  observations.  The  above  methods 
having  failed  to  produce  "  static  "  hydrogen,  Wi'oblewski  suggested  that 
the  result  might  be  attained  by  the  use  of  hydrogen  gas  as  a  cooling 
agent.  From  this  time  until  his  death  in  the  year  1888,  "Wroblewski 
devoted  his  time  to  a  laborious  research  on  the  isothermals  of  hydrogen 
at  low  temperatures.  The  data  thus  arrived  at  enabled  him,  by  the 
use  of  Van  der  Waal's  formula?,  to  calculate  the  critical  constants  and 
boliing  point  of  liquid  hydrogen. 

Olszewski  returned  to  the  subject  in  1891,  repeating  and  correcting 
his  old  experiments  of  1884,  which  Wrobleski  had  failed  to  confirm,  in 
a  glass  tube  7  mm.  in  diameter  instead  of  one  of  2  mm.,  as  in  the  early 
trials.  He  says,  "  On  repeating  my  former  experiments,  I  had  no  hope 
of  obtaining  a  lower  temperature  by  means  of  any  cooling  agent,  but  I 
hoped  that  the  expansion  of  hydrogen  would  be  more  efiicacious,  on 
account  of  the  larger  scale  on  which  the  experiment  was  made."  The 
result  of  these  experiments  Olszewski  describes  as  follows,  "  The 
phenomenon  of  hydrogen  ebullition,  which  was  then  observed,  was 
much  more  marked  and  much  longer  than  during  my  former  investiga- 
tions in  the  .^ame  direction.  But  even  then  I  could  not  ^;ercerve  any 
meniscus  of  liquid  hydrogen.'^  Further,  "  The  reason  for  which  it  has 
not  been  hitherto  possible  to  liquefy  hydrogen  in  a  static  state,  is  that 
there  exists  no  gas  having  a  density  between  those  of  hydrogen  and 
of  nitrogen,  and  which  might  be  for  instance  7 — 10  (H  1).  Such  a  gas 
could  be  liquefied  by  means  of  liquid  oxygen  or  air  as  cooling  agent, 
and  be  afterwards  used  as  a  frigorific  menstruum  in  the  liquefaction  of 
hydrogen." 

Professor  Olszewski,  in  1895,  determined  the  temperature  reached  in 
the  momentary  adiabatic  expansion  of  hydrogen  at  low  temperatures ; 
just  as  "Wroblewski  had  done  in  1885,  only  he  employed  a  platinum 
resistance  thermometer  instead  of  a  thermo-j unction. 

For  this  purpose,  he  used  a  small  steel  bottle  of  20  or  30  c.c.  capacity, 
containing  a  platinum  resistance  thermometer ;  in  this  way,  tempera- 
tures were  x^egistered  which  were  regarded  as  those  of  the  critical  and 
boiling  points  of  liquid  hydrogen,  a  substance  which  could  not  be  seen 
under  the  circumstances,  and  was  only  assumed  at  the  most  to  exist  for 
a  second  or  two  during  the  expansion  of  the  gaseous  hydi^ogen  in  the 
small  steel  bottle. 
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The  results  arrived  at   hy  Wroblewski  and  Olszewski  are  given  in 

the  following  table. 

Wroljlewski,  1885.  Olszewski,  1895. 

Critical  temperature...      -240^  .     -234° 

Boiling  point -250°  -243° 

Critical  pressure  13 At.  20 At. 

The  moment  the  critical  point  is  approximately  defined,  the  boiling 
point  is  roughly  known,  and  the  critical  pressure  can  be  inferred  from 
analogy  with  the  behaviour  of  other  substances. 

In  a  paper  published  in  the  Phil.   Mag.,  September,  1884,  "On  the 
Liquefaction   of    Oxygen   and   the   Critical  Volumes  of    Fluids,"  the 
suggestion  was  made  that  the  critical  pressure  of  hydrogen  was  wrong, 
and   that  instead   of    being   99   atmos.  (as   deduced   by  Sarrau   from 
Amagat's  isothermals),  the  gas  had  probably  an  abnormally  low  value 
for  this  constant.    This  view  was  substantially  confirmed  by  Wroblewski 
finding  a  critical  pressure  of  13 '3  atoms.,  or  about  one-fourth  of  that 
of  oxygen.      The  Chemical  News  (September    7,   1894)  contains   an 
account  of  the  stage  the  author's  hydrogen  experiments  had  reached 
at  that  date.     The  object  was  to  collect  liquid  hydrogen  at  its  boiling 
point,  in  an  open  vacuum  vessel,  which  is  a  much  more  difficult  problem 
than  seeing  the  liquid  in  a  glass  tube  under  pi'essure  and  at  a  higher 
temperature.     In  order   to  raise  the   critical   point  of    hydrogen    to 
about  -  200°,  from  2  to  5  per  cent,  of  nitrogen  or  air  was  mixed  with  it. 
This  is  simply  making  an  artificial  gas  containing  a  large  proportion 
of  hydrogen  which  is  capable  of  liquefaction  by  the  use  of  liquid  air. 
The  results  are  summed  up  in  the   following  extract  fi*om   the  paper. 
"  One  thing  can,  however,  be  proved  by  the  use  of  the  gaseous  mixture 
of  hydrogen  and  nitrogen,  namely,  that  by  subjecting  it  to  a  high  com- 
pression at  a  temperature  of  -  200°  and  expanding  the  resulting  liquid 
into  air,   a   much  lower  temperature  than  anything   that    has    been 
recorded  up  to  the  present  time  can  be  reached.     This  is  proved  by 
the  fact  that  such  a  mixed  gas  gives,  under  the  conditions,  a  paste  or 
jelly  of  solid  niti-ogen,  evidently  giving  off  hydrogen,  because  the  gas 
coming  off  burns  fiercely.     Even  when  hydrogen  containing  only  some 
2  to  5  per  cent,  of  air  is  similarly  treated,  the  result   is  a  white,  solid 
matter  (solid  air)  along  with  a  clear  liquid  of  low  density,  which  is 
so  exceedingly  volatile  that  no  known  device  for  collecting  has  been 
successful." 

The  report  of  a  Friday  Evening  Lecture  on  **  New  Researches  on 
Liquid  Air"  (Proc.  Koij.  Inst.,  1896)  contains  a  drawing  of  the  appa- 
ratus employed  for  the  production  of  a  jet  of  hydrogen  containing 
visible  liquid.  This  is  reproduced  in  the  figure.  A  represents  one  cf 
the  hydrogen  cylinders  ;  B  and  C,  vacuum  vessels  contaiuiug  carbonic 
acid  under  exhaustion  and  liquid  air  respectively ;  D  is  the  coil,  G  the 
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pin-hole  nozzle,  and  F  the  valve.  By  means  of  this  jot,  liquiil  air  can 
be  (juickly  transformed  into  a  hard  solid.  It  was  shown  that  such  a 
jet  could  be  used  to  cool  bodies  below  the  temperature  that  it  is 
possible  to  reach  by  the  use  of  liquid  air,  but  all  attempts  to 
collect  the  liquid  hydrogen  from  the  jet  in  vacuum  vessels  failed, 
No  other  investigator  has,  so  far,  improved  on  the  results  the  author 
described  in  the  Proceedings  of  the  Chemical  Society  (No.  158), 
1895,   or,   indeed,   touched  the  subject  since  that  date.     The  type  of 


Apparatus  used  in  the  production  of  the  Liquid  Hydrogen  Jet. 


apparatus  used  in  these  experiments  worked  well,  so  it  was  re- 
solved to  construct  a  much  larger  liquid  air  plant,  and  to  combine 
with  it  circuits  and  arrangements  for  the  liquefaction  of  hydrogen, 
which  will  be  described  in  a  subsequent  paper.  This  apparatus  took 
a  year  to  build  up,  and  many  months  have  been  occupied  in  testing 
and  making  preliminary  trials.  The  many  failui-es  and  defeats  need 
not  be  detailed. 

On  May  10th  of  this  year,  starting  with  hydrogen  cooled  to  -  205°, 
and  under  a  pressure  of  180  atmospheres,  escaping  continuously  from 
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the  nozzle  of  a  coil  of  pipe  at  the  rate  of  about  10  to  15  cub.  ft. 
per  minute,  in  a  vacuum  vessel  doubly  silvered  and  of  special  con- 
struction, all  surrounded  -with  a  space  kept  below  -  200",  liquid 
hydrogen  commenced  to  drop  from  this  vacuum  vessel  into  another 
doubly  isolated  by  being  surrounded  with  a  third  vacuum  vessel. 
In  about  5  minutes,  20  cubic  centimetres  of  liquid  hydrogen  were 
collected,  when  the  hydrogen  jet  froze  up,  from  the  accumulation  of 
air  in  the  pipes  frozen  out  from  the  impure  hydrogen.  The  yield  of 
liquid  was  about  1  per  cent,  of  the  gas.  The  hydrogen  in  the  liquid 
condition  is  clear  and  colourless,  showing  no  absorption  spectrum,  and 
the  meniscus  is  as  well  defined  as  in  the  case  of  liquid  air.  The  liquid 
must  have  a  relatively  high  refractive  index  and  dispersion,  and  the 
density  appeal's  also  to  be  in  excess  of  the  theoretical  density,  namely, 
0"18  to  0*12,  which  we  deduce  I'espectively  from  the  atomic  volume  of 
organic  compounds,  and  the  limiting  density  found  by  Amagat  for 
hydrogen  gas  under  infinite  compression.  Yet  this  may  be  a  delusion 
due  to  its  high  dispersion.  A  preliminary  attempt  to  weigh  a  small 
glass  bulb  in  the  liquid  made  ?  the  density  about  0"08.  My  old 
experiments  on  the  density  of  hydrogen  in  palladium  gave  a  value  for 
the  combined  element  of  0*62,  and  it  will  be  interesting  to  find  the 
accurate  density  of  the  liquid  substance  at  its  boiling  point.  Not 
having  arrangements  at  hand  to  determine  the  boiling  point,  other 
than  a  thermo-junction  which  gave  entirely  fallacious  results,  experi- 
ments were  made  to  pi'ove  the  excessively  low  temperature  of  the 
boiling  fluid.  In  the  fii'st  place,  if  a  long  piece  of  glass  tubing,  sealed 
at  one  end  and  open  to  the  air  at  the  other,  is  cooled  by  immersing 
the  closed  end  in  the  liquid  hydrogen,  the  tube  immediately  fills, 
where  it  is  cooled,  with  solid  air  ;  a  small  tube  containing  liquid 
oxygen  became  a  bluish  solid.  A  first  trial  of  putting  the  liquid 
hydrogen  under  exhaustion  gave  no  appearance  of  transition  into  the 
solid  state.  The  liquid  hydi'ogen  in  its  vacuum  tube,  which  is  immersed 
in  liquid  air  so  that  the  external  wall  of  the  vacuum  vessel  is  maintained 
at  about  — 190°,  is  found  to  evaporate  at  a  rate  not  far  removed  from 
that  of  liquid  air  from  a  similar  vacuum  vessel  under  the  ordinary 
conditions  of  storage.  This  leads  me  to  the  conclusion  that,  tvith 
proper  isolation,  it  will  be  possible  to  manipulate  with  liquid  hydrogen 
as  easily  as  with  liquid  air.  The  second  experiment  was  made  with  a 
tube  containing  helivim. 

The  Cracow  Academy  Bulletin  for  1896  contains  a  paper  by  Professor 
Olszewski,  entitled,  "  A  Research  on  the  Liquefaction  of  Helium,"  in 
which  he  states,  "  As  far  as  my  experiments  go,  helium  remains  a  per- 
manent gas  and  apparently  is  much  more  diflicult  to  liquefy  than 
hydrogen."     In  a  paper  of  my  own  in  the  Proceedings  of  the  Chemical 
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Society,  No.  183  (1896 — 7),  in  which  the  separation  of  helium  from 
Bath  gas  was  effected  by  a  liquefaction  method,  the  suggestion  was 
made  that  the  volatility  of  hydrogen  and  helium  would  probably  be 
found  close  together,  just  like  those  of  fluorine  and  oxygen.  Having 
a  specimen  of  purified  helium,  which  had  been  extracted  from  Bath  gas, 
sealed  up  in  a  bulb  with  a  narrow  tube  attached,  the  latter  was  placed 
in  liquid  hydrogen,  when  a  distinct  liquid  was  seen  to  condense.  The 
same  experiment  repeated,  only  using  liquid  air  evaporating  in  a 
vacuum  gave  no  trace  of  condensation.  From  this  result,  it  would 
appear  that  there  cannot  be  any  great  diiference  between  the  boiling 
points  of  helium  and  hydrogen. 

All  known  gases  have  now  been  condensed  into  liquids  which  can 
be  manipulated  at  their  boiling  points  under  atmospheric  pressui-e  in 
suitably  arranged  vacuum  vessels  With  hydrogen  as  a  cooling  agent, 
we  shall  get  within  20  or  30  of  the  zero  of  absolute  temperature  and 
its  use  will  open  up  an  entirely  new  field  of  scientific  inquiry.  Even 
as  great  a  man  as  James  Clerk  Maxwell  had  doubts  as  to  the  possibility 
of  ever  liquefying  hydrogen,  see  Scientific  Papers,  2,  412.  In  con- 
cluding his  lectures  on  the  non-metallic  elements,  delivered  at  the 
Royal  Institution  in  1852  and  published  the  following  year,  Faraday  said 
(See  Faraday's  "Lectures  on  the  Non-metallic  Elements"  p.  292 — 3), 
"  There  is  reason  to  believe  we  should  derive  much  information  as  to 
the  intimate  nature  of  these  non-metallic  elements,  if  we  could  succeed 
in  obtaining  hydrogen  and  nitrogen  in  the  liquid  or  solid  form.  Many 
gases  have  been  liquefied ;  the  carbonic  acid  gas  has  been  solidified, 
but  hydrogen  and  nitrogen  have  resisted  all  our  efforts  of  the  kind. 
Hydrogen  in  many  of  its  relations  acts  as  though  it  were  a  metal ; 
could  it  be  obtained  in  a  liquid  or  solid  condition,  the  doubt  might  be 
settled.  This  great  problem,  however,  has  yet  to  be  solved  ;  nor  should 
we  look  with  hopelessness  on  this  solution  when  we  reflect  with  wonder 
— and  as  I  do  almost  with  fear  and  trembling — on  the  powers  of  in- 
vestigating the  hidden  qualities  of  these  elements — of  questioning 
them,  making  them  disclose  their  secrets  and  tell  their  tales — given 
by  the  Almighty  to  man." 

Faraday's  expressed  faith  in  the  potentialities  of  experimental  in- 
quiry in  1852  has  been  justified  forty- six  years  afterwards  by  the 
production  of  liquid  hydrogen  in  the  very  laboratory  in  which  all  his 
epoch-making  researches  were  executed.  The  "  doubt  "  has  now  been 
settled,  hydrogen  does  not  possess  in  the  liquid  state  the  characteristics 
of  a  metal.  No  one  can  predict  the  proper-ties  of  matter  near  the 
zero  of  tempei-ature.  Faraday  liquefied  chlorine  in  the  year  1823. 
Sixty  years  afterwards,  Wroblewski  and  Olszewski  produced  liquid  air, 
and  now,  after  a  fifteen  years'  interval,  the  remaining  gases,  hydrogen 
and  helium,  appear  as  static  liquids.  Considering  the  step  from  the 
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liquefaction  of  air  to  that  of  hydrogen  is  relatively  as  great  in  the 
thermodynamic  sense  as  that  from  liquid  chlorine  to  liquid  air,  the 
fact  that  the  former  result  has  been  achieved  in  one-fourth  the  time 
needed  to  accomplish  the  latter  proves  the  greatly  accelerated  race  of 
scientific  progress  in  our  time. 

The  efficient  cultivation  of  this  field  of  research  depends  upon  com- 
bination and  assistance  of  an  exceptional  kind,  but  in  the  first  instance 
money  must  be  available,  and  the  members  of  the  Royal  Institution 
deserve  my  especial  gratitude  for  their  handsome  donations  to  the 
conduct  of  this  research.  Unfortunately,  its  prosecution  will  demand 
a  further  large  expenditure.  It  is  my  duty  also  to  acknowledge  that  at 
an  early  stage  of  the  enquiry  the  Hon.  Company  of  Goldsmiths  helped 
low  temperatures  investigation  by  a  generous  donation  to  the  Research 
Fund. 

During  the  whole  course  of  the  low  temperature  work,  carried  out 
at  the  Royal  Institution,  the  invaluable  aid  of  Mr.  Robert  Lennox 
has  been  at  my  disposal,  and  it  is  not  too  much  to  say  that,  but  for 
his  engineering  skill,  manipulative  ability,  and  loyal  perseverance,  the 
present  successful  issue  might  have  been  indefinitely  delayed.  My 
thanks  are  also  due  to  Mr.  J.  W.  Heath  for  valuable  assistance  in  the 
conduct  of  these  experiments. 

Addendum. 

Since  the  above  paper  was  «-ritten,  both  the  boiling  point  and 
specific  gravity  of  hydrogen  have  been  determined.  The  boiling  point 
in  the  meantime  given  by  the  use  of  a  platinum  resistance  ther- 
mometer involves,  however,  extrapolation  of  the  curve  correlating 
temperature  and  resistance ;  the  result  is  that  the  boiling  point 
of  hydrogen  is  -  238°  C.  or  35°  absolute.  At  this  temperature, 
the  tension  of  liquid  air  (which,  of  course,  becomes  solid)  is  less 
than  0002  mm.  The  re.sistance  of  the  thermometer  used  was  5"338 
ohm  at  the  melting  point  of  ice,  and  this  was  reduced  to  0'129 
ohms  when  placed  in  boiling  hydrogen.  The  absolute  zero  in 
platinum  degrees  of  this  thermometer  was  -  263"27,  and  the  tem- 
perature measured  on  this  scale  is  -  256"29°  or  6'38°  from  the 
point  where  the  conductivity  of  the  platinum  would  become  infinite. 
The  re.si.stance  of  the  platinum  in  the  liquid  hydrogen  is  reduced  to 
nearly  j\th  of  what  it  is  in  liquid  oxygen.  It  will  be  necessary  to  find 
out  the  electric  conductivity  of  the  fluid  itself,  and  to  repeat  the  obser- 
vations with  other  thermometers,  before  we  can  arrive  at  more  definite 
conclusions.  The  vapour  of  hydrogen  at  its  boiling  point  is  about 
eight  times  denser  than  the  gas  at  ordinary  temperatures,  or  it  has 
about  half  the  density  of  air,  whilst  the  vapour  coming  off  from  liquid 
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air  at  its  boiling  point  is  somewhat  less  than  four  times  the  density  of 
air  at  the  ordinary  temperature.  By  evaporation  in  a  vacuum,  the 
temperature  of  liquid  hydrogen  will  be  lowered  from  10°  to  15°,  but  it 
will  be  practically  impossible  (so  far  as  we  can  anticipate  the  results 
of  experiment)  to  reach  a  lower  tempei*ature  than  -  250°  C  or  20° 
absolute  by  this  means.  At  present,  we  can  see  no  way  of  bridging 
over  the  last  20  to  25  degrees,  and  therefore  the  approach  to  the 
zero  of  absolute  temperatux-e  and  the  study  of  matter  and  energy  under 
such  conditions  must  be  confined  to  temperatures  above  25°  absolute. 

The  density  of  liquid  hydrogen  has  been  approximately  determined  by 
evaporating  some  10  c.c.  of  the  liquid,  and  collecting  and  measuring 
the  gas  produced,  thereby  ascertaining  its  weight.  In  this  way,  8*15 
litres  at  14°  C.  and  753  mm.  were  collected  over  water  from  between 
9  and  10  c.c.  of  liquid  hydrogen.  It  appears,  therefore,  that  the  density 
of  the  liquid  is  about  0*07,  using  whole  numbers  as  the  calculation 
works  out  to  0"068  nearly.  Liquid  hydi'ogen  is,  therefore,  a  very 
deceptive  fluid  so  far  as  appearance  goes.  The  fact  of  its  collecting  so 
easily,  dropping  so  well,  and  having  such  a  well  defined  meniscus  induced 
me  to  believe  that  the  density  might  be  about  half  that  of  liquid 
air.  It  was  a  great  surprise  to  find  the  density  only  Yj-th  of  water. 
Liquid  marsn  gas  was  the  lightest  known  liquid,  the  density  at  its  boiling 
point  being  0*417,  but  liquid  hydrogen  has  only  |-th  the  density  of  this 
substance.  The  density  of  occluded  hydrogen  in  palladium  being  0"62, 
it  is  eight  times  denser  than  the  liquid. 

Hydrogen  in  the  liquid  state  is  100  times  denser  than  the  vapour 
it  is  giving  off  at  its  boiling  point,  whereas  liquid  oxygen  is  255  times 
denser  than  its  vapour.  It  appears,  therefore,  that  the  atomic  volume 
of  liquid  hydrogen  at  its  boiling  point  is  14-3,  as  compared  with  13'7 
for  oxygen  under  similar  circumstances.  In  other  words,  they  are 
nearly  identical.  From  this  we  can  infer  that  the  critical  pressure  need 
not  exceed  15  atmospheres.  The  extraordinary  properties  theory 
requires  hydrogen  should  possess,  especially  as  regards  specific  and 
latent  heat,  become  more  intelligible  from  the  moment  we  know  that  the 
density  is'  so  small.  In  other  words,  when  we  compare  the  properties 
of  equal  volumes  of  liquid  hydrogen  and  air  under  similar  corresponding 
temperatures,  they  do  not  differ  more  than  might  be  anticipated. 
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LVI. — Action  of  Formaldehyde  on  Amines  of  the 
Nai^hthalene  Series.  Part  I. 

By  Gilbert  Thomas  Morgan,  B.Sc. 

The  interaction  of  formaldehyde  and  the  amines  of  the  benzene 
series  has  been  extensively  studied  in  the  past,  especially  since  some 
of  the  compounds  formed  have  been  employed  in  the  synthetical 
production  of  colouring  matters.  The  production  of  the  acridine 
yellows  from  condensation  products  of  formaldehyde  with  certain  of 
the  benzenoid  metadiamines  and  the  synthesis  of  pararosaniline 
and  its  homologues  (Meister,  Lucius  and  Briining,  D.R.P.,  53937) 
may  be  quoted  in  illustration. 

When  formaldehyde  acts  on  the  primai-y  benzenoid  amines,  the 
initial  stage  of  the  reaction  gives  rise  to  a  series  of  unstable  com- 
pounds which  can  be  converted,  usually  by  the  action  of  acids,  into 
more  stable  derivatives.  Tollens  found  (Ber.,  1884,  17,  657,  and 
ibid.,  1885,  18,  3300)  that  when  formaldehyde  was  added  to  aniline 
suspended  in  water,  anhydro formaldehyde-aniline,  CgH.N!CHo,  was 
produced,  and  Eberhardt  and  Welter  (Ber.,  1894,  27,  1804),  by  the 
action  of  these  substances  in  alcoholic  potash,  obtained  methylene- 
diphenyldi-imide,  CH2(NH'CgH5)2.  These  two  compounds  are  very 
unstable;  on  boiling  with  solvents,  they  pass  into  oily,  uncrystallisable 
forms,  and  on  hydx'olysis  with  dilute  acids,  aniline  and  formaldehyde 
are  regenerated.  When  either  of  these  compounds  is  heated  with 
aniline  and  aniline  hydrochloride,  a  rearrangement  occurs  whereby  the 
methylene  group  becomes  attached  to  two  aromatic  nuclei,  and 
diamidodiphenylmethane  is  produced  (Meister,  Lucius,  and  Briining, 
loc.  c'lt.,  and  Eberhardt  and  Welter,  loc.  cit.).  This  attachment  may 
take  place  in  two  stages,  for  Meister,  Lucius,  and  Briining  (D.R.P., 
87934)  found  that  the  intermediate  compound,  paramidobenzylaniline, 
is  capable  of  existence,  and  on  warming  with  dilute  acids  passes  into 
the  diphenylmethane  derivative. 

Orthotoluidine  and  formaldehyde  give  rise  to  a  precisely  similar 
series  of  compounds  (Eberhardt  and  Welter,  loc.  cit.,  and  Meister, 
Lucius,  and  Briining,  D.R.P.,  55565,  1890). 

Paratoluidine  yields  an  anhydro-base,  C-H^NICHg  (Tollens,  Ber., 
1895,  18,  3302),  and  also  methylenediparatolyldi-imide  (Eberhardt 
and  Welter,  loc.  cit.) ;  the  latter,  when  warmed  with  paratoluidine  and 
its  hydrochloride,  yields  a  small  quantity  of  diamidodiparatolylmethane 
in  which  tlie  methylene  group  probably  occupies  the  ortho-position  in  each 
of  the  aromatic  nuclei,  Troger,  by  the  action  of  methylal  on  paratolu- 
idine hydrochloride,  obtained  a  base,  Cj^H^gNj,  to  which  he  ascribed  the 
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constitution  C^H^-N:  CH-  CH^-  CHIN-CyHy  {J.  jyr.  Chem. ,1887,  36, 226). 
In  the  case  of  dimethylaniline,  a  preliminary  attachment  of  methylene 
to  the  side  chain  is  impossible,  and  accordingly  tetramethyldiamido- 
diphenylmethane  is  the  first  pi"oduct  of  the  action  of  formaldehyde  on 
the  tertiary  base  (Troger,  loc.  cit.).  These  examples  indicate  that,  in 
the  benzene  series,  formaldehyde  is  one  of  those  numerous  reagents 
which  first  attack  the  side  chain,  when,  by  rearrangement  under  the 
influence  of  acids,  the  methylene  group  enters  the  nucleus. 

The  action  of  formaldehyde  on  the  two  naphthylamines  and  their 
derivatives  has  been  far  less  extensively  studied.  Reed  (./.  ^;;'.  Chem., 
1886,  35,  314)  examined  the  products  of  reaction  between  methylal, 
acetone,  and  /S-naphthylamine  and  obtained  naphthacridine  and  a 
base,  Co^H.,||N.„  melting  at  202 — 203°,  besides  a  small  amount  of 
methyl-yS-naphthoquinoline.  By  acting  with  methylal  alone  on 
y8-naphthylamine,  he  obtained  nothing  but  naphthacridine.  0.  Fischer 
prepared  a  series  of  naphthimidazoles  from  formaldehyde  and  sub- 
stituted 1  : 2-naphthylene  diamines  {Ber.,  1894,  27,  2773),  and  in 
this  case  the  methylene  group  remained  attached  to  the  side  chains. 
Formaldehyde  and  1  :  2-aminonaphthalenesulphonic  acid  produce 
diamidodinaphthylmethanedisulphonic  acid,  in  which  the  methylene 
group  has  entered  the  ring  in  a  para-position  relatively  to  the  amido- 
groups  (Meister,  Lucius,  and  Briining  (D.R.P.,  84379,  1894). 

In  the  following  experiments,  ^-naphthylamine  was  treated  with 
formaldehyde  under  various  conditions,  in  order  to  see  how  far  the 
course  of  the  reaction  is  comparable  with  that  obtaining  in  the 
benzene  series.  It  will  be  seen  that  condensation  between  the 
aldehyde  and  the  base  may  be  accompanied  by  the  elimination  of 
ammonia  and  hydrogen.  The  tendency  to  form  compounds  in  which 
the  elimination  of  water  is  accompanied  by  the  removal  of  hydrogen 
has  already  been  noted  in  the  formation  of  alkyl  naphthocinchonic 
acids  by  the  action  of  aldehydes  (other  than  formaldehyde)  and  pyruvic 
acid  on  /3-naphthylamine  (Doebner,  Ber.,  1894,  27,  2020).  Reed 
{^OG.  cit.)  found  that  methylal  acting  on /5-naphthylamine  hydrochloride 
in  excess  of  acid  produced  naphthacridine  melting  at  216°. 

(1 .)  2C,oH,-NH,  +  CH2(OCH3).,  =  C,oH6<^^~>CioH6 


CH 


+  2CH3-OH  +  NH3  +  H2 


Troger  (loc.  cit.),  performing  a  similar  experiment  on  paratoluidine 
obtained  a  compound  which  indicated  that  a  simple  condensation  had 
occurred  between  three  molecules  of  the  aldehyde  and  two  of  the  base. 

(2.)  2C7H7-NH2  +  3CH2(OCH3),  =  {Ci,H,.3No3CH._,}  +  eCHg-OH. 

In  my  experiments,  naphthylamine  not  only  reacts  according  to 
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Reed's  equation,  but  also  in  a  manner  analogous  to  that  of  para- 
toluidine. 

A  third  mode  of  reaction  occurs,  giving  rise  to  a  small  quantity 
of  product  in  which  hydrogen  alone  is  eliminated,  probably  owing  to 
the  oxidising  action  of  some  of  the  other  substances  present. 

Besides  Reed's  naphthacridine  (m.  p.  216^),  another  substance 
of  like  composition,  Cg^H^gN,  is  produced  according  to  the  first 
equation ;  this  crystallises  in  orange-coloured  needles,  melts  at 
225 — 226°,  and  behaves  in  a  peculiar  manner  with  hydrogen  chloride. 
When  triturated  with  concentrated  hydrochloric  acid,  or  submitted  to 
the  action  of  the  dry  gas,  a  green  hydrochloride  is  produced,  from 
which  the  original  base  may  be  regenerated  by  the  action  of  aqueous 
alkalis ;  but  on  passing  hydrogen  chloride  into  a  solution  of  the  base  in 
glacial  acetic  acid,  or  in  benzene,  a  yellow  hydrochloride  is  precipitated 
which  yields  Reed's  naphthacridine  on  treatment  with  alkalis. 
The  same  change  is  brought  about  by  boiling  the  glacial  acetic  acid 
solution  of  the  orange-coloured  base  for  several  hours ;  and  also  by 
the  action  of  certain  solvents,  as,  for  example,  acetone.  When  the 
substance  is  boiled  for  some  days  with  acetone,  orange  needles  no 
longer  separate  on  cooling,  but  amber-coloured  prisms  of  naphthacridine 
are  produced  ;  the  conversion,  however,  when  induced  by  this  means  is 
slow  and  incomplete.  On  the  other  hand,  it  appears  that  naphthacridine 
itself  can  be  partially  reconverted  into  the  orange-coloured  base  by 
long  boiling  with  a  solution  of  sodium  amyl  oxide  in  amylic  alcohol, 
but  hitherto  only  about  30  per  cent,  of  the  naphthacridine  has  been 
changed  into  its  isomeride. 

The  relationship  between  the  constitution  of  these  two  bases  must 
be  a  simple  one,  and  it  is  quite  conceivable  that  the  orange  base  may 
be  a  quinonoid  form  of  naphthacridine. 

The  formulae  for  the  two  bases  would  be 

CioH6<|^>CioHo  and  CVHe<^^>C,oHc. 

the  former  corresponding  with  naphthacridine  and  the  latter  with  the 
oi-ange-coloured  base.  The  latter  will  be  referred  to  as  isonaphth- 
acridine. 

The  formation  of  green  salts  from  the  orange-coloured  isonaphth- 
acridine  is  a  remarkable  example  of  colour  change.  In  the  benzene 
series,  a  colour  change  in  the  opposite  sense  is  observed  in  the  produc- 
tion of  a  yellow  .salt  from  green  nitrosodimethylaniline.  A  remark- 
ably similar  case  presents  itself  in  the  naphthalene  series,  which,  even 
if  only  a  coincidence,  is  worthy  of  note.  a-Nitroso-/3-naphthol  is  a 
yellow  compound  of  admittedly  quinonoid  structure,  and  is  usually 
represented  by  the  formula  OICj^^HglNOH.     This  substance  is  acidic, 
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and  its  alkali  salts  are  green  (Ilinsky,  Ber.,  1884,  17,  2585).  The 
imido-compound  which  is  obtained  from  nitroso-^-naphthol  is  also 
green,  and  has  the  constitution  NHlCj^HglNOH  {Ber.,  1886,  19,  343). 
It  is  quite  possible  that  this  colour  change  is  characteristic  of  certain 
derivatives  of  ^-naphthaquinone. 

It  will  be  somewhat  difficult  to  obtain  direct  evidence  in  support  of 
the  two  formulae  suggested  for  the  naphthacridines,  for  in  the  case  of 
isonaphthacridine  it  is'  difficult  to  select  reagents  which  will  act  on 
it  without  first  converting  it  into  the  more  stable  naphthacridine. 
"When  isonaphthacridine  is  heated  with  methylic  or  ethylic  iodide  in 
sealed  tubes  at  150°,  a  yellow  methiodide  or  ethiodide  is  produced  ; 
both  these  substances,  on  treatment  with  alcoholic  ammonia,  give  rise 
to  naphthacridine,  and  are  identical  with  the  iodide  produced  by  the 
alkyl  iodides  and  this  base.  The  salts  of  naphthacridine  are  all  yellow, 
and  the  hydrochloride,  hydriodide,  methiodide  and  ethiodide  possess 
the  noteworthy  property  of  crystallising  from  aniline  without  decom- 
position. 

Reed  supposed  that  acetone  was  necessary  for  the  production  of  the 
base  melting  at  203°,  to  which  he  gave  the  formula  Co^H^QNg'  assum- 
ing it  to  be  formed  in  the  following  manner. 


C,rtII« 


.H 


.C 


N-  ■<■-■ 
H 

^CHg 


H 


CioHg/      "^CH  +H0O  +  H.,. 

H  \CH-C,oHg-NH2 

7-Metliyl-i3-amidonaphthj4hydronaplitlioquinoline. 

It  has  been  shown  conclusi  ely,  by  the  experiments  described  below, 
that  acetone  takes  no  part  in  the  formation  of  this  base,  and  that  it  is 
produced  simply  from  formaldehyde  and  /3-naphthylamine  according 
to  the  following  equation. 

(3.)  2CioH.-NH2  +  3H-C0H  =  C.23H13N2  +  3H2O. 

This  compound  is  one  of  the  products  of  the  action  of  methylal  on 
^-naphthylamine  hydrochloride,  and  is  also  obtained  when  form- 
aldehyde acts  on  the  base  in  alcoholic,  glacial  acetic,  or  ethereal  solu- 
tions.    The   percentage    of    carbon    required    by    the    two   formulae. 
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Co^H^qN^  and  CogH^gNg,  is  the  same,  namely,  85-71,  but  the  second 
contains  less  hydrogen  and  mox'e  nitrogen  than  the  former,  and  the 
analyses  given  below  agree  more  closely  with  the  latter  formula. 

Many  experiments  were  instituted  with  a  view  of  determining  more 
exactly  the  constitution  of  the  base.  From  the  above  equation  ex- 
pressing its  formation,  it  will  be  seen  that  the  compound  contains 
three  methylene  groups  associated  with  two  naphthylamine  residues, 
CjqH(.N(/3)  ;  the  problem  was  to  trace  the  distribution  of  these  radicles. 
The  substance  is  very  feebly  basic,  crystallises  from  glacial  acetic 
acid  in  the  free  state,  and  does  not  form  salts  with  acids  in  aqueous 
solutions.  When  nitrous  acid  acts  on  it  in  glacial  acetic  acid,  a  nitrite 
is  produced  which  is  easily  decomposed  by  aqueous  alkalis  regenerat- 
ing the  base.  It  appears  to  be  a  base  containing  only  tertiary  nitro- 
gen. This  condition  would  be  satisfied  if  each  nitrogen  atom  were 
attached  to  a  methylene  radicle.  When  the  base  is  heated  with 
hydriodic  acid  and  red  phosphorus  in  sealed  tubes  at  180°,  it  is  found 
that  two  methylene  radicles  and  one  atom  of  nitrogen  are  eliminated,  and 
that  naphthacridine  is  produced.  This  indicates  that  the  third  methyl- 
ene group  was  directly  attached  to  both  the  naphthalene  nuclei,  and 
accordingly  the  formula  of  the  original  base  is  best  expressed  in  the 
following  manner. 


-CH 


The  first  action  in  the  sealed  tube  experiment  is  probably  one  of 
hydrolysis, 

^ ' Vio^e     =       ■,oH6<™  ^~^>CioH6  +  2CH20. 

H^i i     OH^ 

This  diamine  is  not  isolated  as  such,  but  undergoes  condensation  in 
accordance  with  the  following  equation. 

CioHc<j^^^^~>C,,H,   =     C,oH,<?5>C,oHe-hNH3-^H2, 

The  ammonia  is  eliminated  in  theoretical  quantity,  and  the  yield  of 
naphthacridine  is  not  less  than  69  per  cent.  The  formaldehyde  which 
should  be  formed  could  not  be  detected,  but  it  was  scarcely  to  be 
expected  that  it  would  remain  unchanged  under  the  conditions  of  the 
experiment. 

If  this  explanation  of  the  experimental  results  is  correct,  the  base 
CosHj^Nj  should  be  called  dimethylenediaminodinaphthylmethane. 

The  fourth  substance  obtained  by  the  action  of  formaldehyde  on 
)8-naphthylamine  is  formed  according  to  this  equation, 

(4.)        2CioH7-NH2  +  2H-  COH  =  CgaHioNg  +  2H2O  -H  H„ 
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but  has  hitherto  only  been  obtained  in  small  quantity,  the  yield  being 
about  2  or  3  per  cent.  Its  complete  analysis  gives  the  empirical 
formula  C^^HgN,  and  the  analysis  of  its  salts  indicates  that  it  is  a 
monacidic  base  having  the  molecular  formula  02.2Hj6-^2-  '^^^  nitrite, 
which  is  produced  by  adding  sodium  nitrite  to  its  glacial  acetic  acid 
solution,  has  the  formula  CooHjgNojHNO.,,  and  again  yields  the  base  on 
treatment  with  aqueous  alkalis.  It  appears,  therefore,  to  be  a  tertiary 
base,  but  a  more  detailed  investigation  of  its  constitution  will  only  be 
possible  when  a  larger  amount  of  the  substance  is  available. 

Experimental. 

Action  of  Formaldehyde  on  fi-Naphthylamine  in  Acidified  Alcoholic 

Solution. 

One  hundred  and  forty-tliree  grams  of  ^-naphthylamine  (1  mol.) 
"were  dissolved  in  400  grams  of  alcohol,  and  80  grams  of  40  per  cent, 
formaldehyde  (1  mol.)  were  added  to  the  warm  alcoholic  solution;  the 
liquid  became  turbid  and  a  heavy  brown  oil  separated.  On  adding 
37  grams  of  concentrated  hydrochloric  acid  (J  mol.)  slowly,  the  oily 
layer  disappeared,  and  the  clear  solution,  which  was  at  first  reddish- 
brown,  on  being  heated  on  the  water  bath,  changed  to  green.  After 
boiling  for  half  an  hour,  a  yellow,  granular  precipitate  appeared  and 
rapidly  increased  in  quantity  until  the  contents  of  the  flask  became 
almost  solid,  and  at  the  same  time  an  ammoniacal  gas  was  ev'olved. 
This  was  collected  in  hydrochloric  acid  and  the  platinochloride  pre- 
pared, which,  on  analysis,  proved  to  be  the  ammonium  salt. 

0-1334  gave  0-0582  Pt.     Pt  =  43-63. 
0-0982     „     0-0429  Pt.     Pt  =  43-68. 

(NH4)2PtCl6  requires  Pt  =  43-80  per  cent. 

The  yellow  precipitate,  after  being  collected  and  washed  four  times 
with  hot  alcohol  to  remove  some  tarry  impurity,  was  dissolved  in 
benzene  and  the  solution  allowed  to  crystallise,  when  orange-coloured 
needles  were  obtained.  A  portion  of  this  was  again  crystallised  from 
benzene,  and  then  twice  from  alcohol,  in  which  solvent  it  is  only 
sparingly  soluble  ;  it  then  melted  at  225 — 226°,  sintering  together  at 
about  221°. 

0-1387  gave  0-4598  COo  and  0-0618  HOg.     0  =  90-41;  H  =  4-94. 
0-2264     „     9-5  c.c.  moist  N"  at  20°  and  768-5  mm.     N  =  4-85. 
C21H13N  requires  0  =  90-32;  H  =  4-66;  N  =  5-02  per  cent. 

The  benzene  mother  liquor  gave  another  crop  of  orange-coloured 
needles  on  standing  for  several  days.  The  filtrate  was  then  consider- 
ably concentrated,  from  2  litres  to  about  250  c.c,  when  it  deposited 


542      MORGAN  :    ACTION    OF   FORMALDEHYDE   ON    AMINES    OF   THE 

a  mass  of  pale  yellow  crystals  melting  at  about  192^.  This  product, 
dissolved  in  ethylic  acetate  and  allowed  to  evaporate  spontaneously, 
yielded  successive  crops  of  mixed  crystals  containing  two  dissimilar 
kinds ;  the  predominant  substance  crystallised  in  irregular  clusters  of 
short,  colourless  prisms  melting  at  202 — 203%  whilst  the  substance 
occurring  in  smaller  quantity  crystallised  in  amber-coloured  prisms  of 
a  more  acicular  habit.  The  latter,  on  being  picked  out  and  recrystal- 
lised  from  alcohol,  finally  yielded  straw-coloui*ed  needles  melting  at 
216°.  These  properties  identified  the  substance  as  Reed's  naphth- 
acridine.  The  substance  melting  at  202^203°,  when  twice  recrystal- 
lised  from  ethylic  acetate,  was  obtained  in  well-defined,  colourless  prisms 
often  exhibiting  cruciform  twinning. 

0-1271  gave  0-3984  CO,  and  0-0664  HgO.     C  =  85-48  ;  H  =  5-80. 

0-3122  „  23-2  c.c.  moist  nitrogen  at"  18-6°  and  769  mm.  N  =  8-66. 
CggHjgNg  requires  0  =  85-71  ;  H  =  5-59;  N'-=8-70  per  cent. 

The  alcoholic  mother  liquor  from  the  original  yellow  precipitate, 
when  distilled  on  the  water  bath  as  long  as  alcohol  came  over,  left  a 
residue  which  separated  into  two  layers,  namely,  an  upper,  aqueous 
layer  which  was  found  to  contain  only  ammonium  chloride  and  a  little 
resinous  matter,  and  a  lower,  brown,  tarry  mass  which  partially  solidified 
on  cooling.  The  latter  was  boiled  with  aqueous  alkalis  to  decompose 
any  chlorides  which  might  be  present,  then  extracted  with  benzene, 
petroleum  carefully  added  to  the  benzene  solution,  and  the  clear  solu- 
tion decanted  from  the  tarry  substance  which  separated  \  on  now 
adding  more  petroleum,  a  substance  crystallising  in  rosettes  of  small, 
yellow  needles  appeai-ed  on  the  sides  of  the  beaker.  This,  after  being 
collected  and  freed  from  admixed  tar  by  washing  with  a  little  cold 
alcohol,  was  crystallised  from  the  latter  ;  when  pure,  it  is  only  sparingly 
soluble  in  alcohol.  For  the  purpose  of  analysis,  it  was  recrystallised 
repeatedly  from  ethylic  acetate,  from  which  it  separates  in  tufts  of 
woolly  needles  melting  at  186 — 187°. 

0-1297  gave  0-4055  CO.,  and  0-0617  H.,0.     C  =  85-27  ;  H  =  5-28. 
0-1639     „     0-5144  CO2    „    0-0766  H^O.     C  =  85-60 ;  H  =  5-19. 
0-1699     „     13-60  c.c.  moist  nitrogen  a*t  17-5°  and  768  mm.  N"  =  9-37. 
0-1342     „     10-6    c.c.      „         „  16°      „     755  mm.  N  =  9-15. 

(CuHsN).,  requires  C  =  85-71  ;  H  =  5-19  ;  N  =  9-05  per  cent. 

In  this  experiment,  the  total  weight  of  recrystallised  products  was 
about  86  grams,  and  was  made  up  as  follows:  Isonaphthacridine, 
orange  base,  35  grams  ;  naphthacridine,  7  grams ;  CijHjgNg,  41  grams ; 
and  3-5  of  CV.HjgNo. 

Another  series  of  experiments  was  made,  using  the  same  quantities 
as  in  the  one  described  above,  but  in  which  the  hydrochloric  acid  was 
added  before  the  formaldehyde.     The  reaction  in  this  case  was  more 
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violent,  no  separation  of  heavy  oil  occurred,  and  after  one-fourth  of 
the  aldehyde  had  been  added  the  whole  turned  green  and  became 
nearly  solid,  with  considerable  development  of  heat.  The  rest  of  the 
aldehyde  was  added  more  rapidly,  when  the  whole  mass  became  yellow, 
and  after  boiling  for  2  hours  the  precipitate  was  collected  and  re- 
crystallised  from  benzene  as  in  the  preceding  experiment.  The  yield 
of  isonaphthacridiue  obtained  by  this  method  was  larger  than  in  the 
previous  experiment,  70  to  80  grams  being  usually  obtained,  and  the 
amount  of  the  base,  CggH^igNg,  was  less,  usually  about  18  grams.  The 
amounts  of  naphthacridine  and  of  the  base,  C^^HioN^,  remain  about 
the  same. 

Lastly,  the  effect  of  using  a  larger  quantity  of  formaldehyde 
was  investigated.  One  hundred  and  forty-three  grams  of  /3-naphthyl- 
amine  wei-e  dissolved  in  500  grams  of  alcohol  and  120^grams(l2^  mols.) 
of  formaldehyde  were  gradually  added.  The  first  60  gi'ams  appeared 
to  react  energetically,  a  turbidity  was  produced,  and  a  large  quantity 
of  heavy  brown  oil  separated,  but  very  little  action  accompanied 
the  addition  of  the  remainder  of  the  aldehyde.  Sixty-three  grams  of  con- 
centrated hydrochloric  acid  were  now  slowly  added,  when  the  oily  layer 
disappeared,  the  solution  being  a  deep  reddish-brown.  After  heating 
on  the  water  bath  for  45  minutes,  a  yellowish-green  precipitate 
appeared ;  the  heating  Avas  continued  for  another  hour,  and  the  pre- 
cipitate was  collected  and  washed  with  hot  alcohol.  This  precipitate 
weighed  25  grams.  The  filtrate,  on  standing  2  days,  deposited  a 
brownish-yellow,  tarry  precipitate  which  weighed  about  47  grams. 
In  this  experiment,  therefore,  more  than  half  the  product  of  reaction 
remains  in  the  alcoholic  mother  liquor ;  this  was  distilled  until  all  the 
alcohol  was  driven  off.  The  aqueous  portion  of  the  residue  contained 
ammonium  chloride,  and  the  pitchy  residue,  separated  from  the  aqueous 
portion,  weighed  about  100  grams. 

The  first  precipitate,  which  owed  its  green  colour  to  the  presence  of 
a  small  quantity  of  isonaphthacridiue  hydrochloride,  was  boiled  with 
alcoholic  ammonia  to  decompose  any  hydrochlorides,  and  then  dis- 
solved in  alcohol.  The  solution  yielded  a  crop  of  crystals  melting  at 
176 — 177°,  but  these  were  found  to  consist  of  a  mixture  of  the  base, 
CooH^gNo,  crystallising  in  semi-opaque,  colourless  prisms  giving  the 
correct  melting  point  202 — 203°,  and  naphthacridine  crystallising  in 
amber-coloured  prisms  melting  at  214 — 215°.  A  mixture  of  the 
purified  substances  melted  at  169 — 170°,  which  is  nearly  the  same 
as  the  melting  point  of  the  mixed  crystals  obtained  in  this  ex- 
periment. 

The  second  precipitate  (47  grams)  was  extracted  successively  with 
hot  water,  hydrochloric  acid,  and  a  little  alcohol ;  the  residue  appeared 
to  consist  almost  entirely  of  the  base  Og  As^^'  ^^^  when  recrystallised 
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from  glacial  acetic  acid  melted  at  201— 202°  (correct  m.  p.,  202—203°), 
the  weight  obtained  being  22  grams. 

The  residue  (100  grams)  was  likewise  extracted  with  hot  water, 
hydrochloric  acid,  and  alcohol,  and  the  almost  white  product,  on  recrys- 
tallisation  from  acetic  acid,  gave  60  grams  of  the  base  CogHjgN.,. 

The  aqueous  and  hydrochloric  acid  extracts  were  mixed  and  neutra- 
lised with  sodium  carbonate,  and  the  pale  yellow  precipitate  collected, 
and  recrystallised  from  alcohol,  and  then  from  ethylic  acetate,  when 
it  separated  in  tufts  of  woolly  needles  melting  at  186 — 187°,  and  was 
identical  with  the  base,  Co2HjgN.„  obtained  in  the  former  experiment. 
When  formaldehyde  is  in  excess,  the  chief  product  is  the  substance 
CggHjgN,  and  in  this  experiment  100  grams  of  the  recrystallised  base 
were  obtained,  together  with  5  grams  of  naphthacridine,  a  small 
quantity  of  isonaphthacridine,  and  3  to  4  grams  of  the  base  CooH^gNg- 

About  20  grams  of  tarry  matter  were  also  formed,  from  which 
nothing  definite  could  be  extracted.  In  these  experiments,  great 
difficulty  was  experienced  in  separating  naphthacridine  from  the  base, 
CogHjgNg,  for  they  crystallise  together  from  their  solutions  in  alcohol, 
acetone,  ethylic  acetate,  and  benzene,  and  from  glacial  acetic  acid  the 
acetate  of  naphthacridine  separates  along  with  the  free  base,  C^gH^gNg. 
Further  experiments  have  shown  that  they  can  both  be  obtained  with 
great  ease  by  reactions  which  yield  them  as  the  sole  products. 

Isonaphthacridine,  C,,^  HjgN. 

The  analysis  of  the  orange  base,  Cg^H^gN  (page  541),  indicates  that  it 
is  isomeric  with  Eeed's  naphthacridine,  and  it  has  been  found  possible  to 
prepare  it  by  a  method  not  involving  the  use  of  acids,  or  of  any  solvent 
which  might  convert  any  portion  of  it  into  the  latter  base. 

Meister,  Lucius,  and  Bruning  (D.R.P.,  53937,  1889)  employ 
anhydroformaldehyde-paratoluidine  as  a  carrier  of  the  methylene 
gi'oup  in  the  formation  of  diphenylmethane  derivatives,  for  example, 
■when  aniline  is  heated  with  it,  diamidodiphenylmethane  is  produced 
and  paratoluidine  is  regenerated, 

^'Hg-CgH^-N  rCHg  +  20^B.,'  NH2  =  CH2(C6H4-NH2)2  +  CHg-  CeH,-  NH2  [1 : 4]. 

When  this  reagent  is  heated  with  )8-naphthylamine,  the  chief  product 
IS  isonaphthacridine ;  in  this  case,  ammonia  and  hydrogen  are 
eliminated. 

CyH/NICHa  +  SCjoHy-NH^  =  Co^HigN  +  C-H--NH.,  +  NH3  +  Hg. 

The  hydrogen  probably  acts  destructively  on  a  portion  of  the  reacting 
materials,  for  some  tarry  matter  is  always  produced,  and  the  yield  is 
only  about  44  per  cent,  of  the  theoretical. 

Seventy   grams   of   ^-naphthylamine  were   melted  with  35    grams 
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of  anhydroformaldehyde-paratoluidine,  and  the  fused  mass  kept  at 
170 — 180°  until  the  evolution  of  ammonia  had  ceased.  The  brownish- 
yellow  melt  aftei'  being  broken  up  into  small  pieces,  was  steam  distilled 
until  all  the  paratoluidine  and  some  of  the  /3-naphthylamine  had  passed 
over  into  the  distillate,  and  the  residue,  freed  from  the  remaining 
/3-naphthylamine  by  repeated  extractions  with  hot  water,  was  recrystal- 
lised  from  benenze;  the  weight  of  crystallised  isonaphthacridine  obtained 
was  30  grams.  The  filtrate,  on  concenti"ation,  deposited  nacreous  plates, 
which,  after  recrystallisation  fi'om  ethylic  acetate,  melted  at  169°.  A 
small  portion  mixed  with  a  little  pure  /8^-dinaphthylamine  also  gave 
this  melting  point,  thus  identifying  the  substance  with  this  base. 
The  mother  liquor  from  the  dinaphthylamine  deposited  a  brown  sub- 
stance, which,  on  crystallisation  from  alcohol,  melted  at  175°.  The 
addition  of  petroleum  to  the  benzene  filtrate  caused  the  separation  of 
a  tarry  oil,  and  on  adding  more  petroleum  to  the  clear  solution  a 
semi-solid,  brown  mass  separated  at  the  bottom  of  the  beaker,  and  after 
some  time  a  brownish-yellow  deposit  formed  on  the  sides  ;  on  recrys- 
tallisation from  alcohol,  this  yielded  a  substance  melting  at  about  175°, 
which  was  added  to  the  former  crop  melting  at  this  temperature,  and 
the  whole  recrystallised  several  times  from  alcohol,  when  1-8  grams 
of  a  pale  yellow  substance  melting  at  178 — 179°  were  obtained. 

This  compound  crystallises  well  from  alcohol  in  fine,  asbestos-like 
needles,  which  spread  through  the  whole  bulk  of  the  solution,  and  show 
no  tendency  to  cling  to  the  sides  of  the  crystallising  vessel.  When 
collected,  these  shrink  together,  forming  a  closely  felted  mass  of  a  pale 
yellow  colour.  The  solution  in  alcohol  exhibits  a  reddish-violet 
fluorescence  like  that  of  naphthacridine. 

0-1230  gave  0-3984  CO^  and  0-0590  HgO.     0  =  88-33  ;  H  =  5-33. 
0-1680     „     8-7  c.c.  moist  N  at  19°  and  775  mm.     ]Sr  =  6-08. 
C^gHigN  requires  0  =  88-88;  H  =  5-35;  N  =  5-76  per  cent. 

The  results  of  analysis  indicate  that  the  substance  is  probably  a 
tolyl  analogue  of  naphthacridine  of  the  formula, 

The  alcoholic  filtrates  from  the  recrystallisation  yielded  very  small 
quantities  of  naphthacridine  and  of  the  base  0^211^3X2.  A  quantity 
of  tarry  matter  was  also  produced  in  this  reaction,  from  which  nothing 
definite  could  be  extracted.  A  portion  of  the  isonaphthacridine,  after 
being  thrice  recrystallised  from  benzene,  melted  at  225 — 226°,  sintering 
together  before  melting  at  221°. 
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00987  gave  0-3254  COo  and  0-0442  R,0.     C- 89-92  ;  H  =  4-97. 

0-1907      „    0-6291  CO2    „    0-0873  H2O.     C  =  89-97 ;  H  =  5-09. 

01 495      „    7  c.c.  moist  nitrogen  at  24°  and  764  mm,     N  =  5-28. 

CgiHjgN  requires  C  =  9032  ;  H  =  4-66  ;  N  =  5-02  per  cent. 

The  remainder  of  the  30  grams  obtained  in  this  operation  were 
recrystallised  six  times  from  benzene,  but  no  alteration  in  the  melting 
point  or  in  the  colour  of  the  substance  was  noticeable.  It  crystallises 
from  benzene  in  beautiful,  orange  needles,  and  the  solution  exhibits  a 
reddish-violet  fluorescence.  When  a  portion  is  sealed  up  with  benzene 
and  heated  until  it  has  all  dissolved  and  the  solution  allowed  to  cool 
slowly,  lath-like,  orange  crystals  are  obtained  over  half  an  inch  long. 
The  compound  is  sparingly  soluble  in  alcohol,  one  part  dissolving  in 
about  300  of  the  hot  solvent,  but  it  is  almost  insoluble  in  the  cold. 
It  is  three  times  as  soluble  in  amylic  alcohol  as  in  ethylic  alcohol, 
and  separates  from  both  these  solvents  as  a  felted  mass  of  iine  orange 
needles. 

When  the  base  is  triturated  with  strong  hydrochloric  acid,  an  in- 
soluble green  hydrochloride  is  produced.  Some  of  the  hydrochloride 
prepared  in  this  way,  after  being  washed  with  cold  alcohol  and  ether, 
was  dried  over  quicklime  in  a  partially  exhausted  desiccator  and 
analysed ;  chlorine  determinations  made  with  this  specimen  indicated 
that  the  combination  with  hydrogen  chloride  in  aqueous  solution  was 
incomplete,  the  percentage  of  chlorine  being  lower  than  that  required 
for  the  monhydrochloride.  0-6035  gram  of  the  base  was  subjected  to 
the  action  of  the  dry  gas,  when  the  base  turned  green,  and  the  tube 
containing  it  became  perceptibly  warm ;  a  stream  of  dry  air  was  then 
drawn  through  the  tube  for  several  hours  to  remove  the  excess  of 
hydrogen  chloride,  and  the  weight  of  hydrochloride  then  obtained  was 
0-6754  gram.  This  corresponds  with  an  addition  of  10-64  per  cent, 
of  hydrogen  chloride,  the  value  calculated  for  the  monhydrochloride, 
C2iHj3N,HCl,  being  11-5, 


Conversion  of  Isonaphthacridine  into  Xaphthacridine. 

On  passing  dry  hydrogen  chloride  into  isonaphthacridine  dissolved 
in  dry  benzene,  a  yellow  hydrochloride  was  precipitated  which  was 
collected,  washed  with  dry  benzene  and  dry  ether,  dried  at  110°,  and 
analysed. 

0-2349  gave  0-1074  AgCl.     CI  =  11-31. 

0-2220     „     8-8  c.c.  moist  nitrogen  at  20°  and  760  mm.     N  =  4-53. 
CjiHigN.HCl,  requires  CI  =  11-25  ;  N  =  443  per  cent. 
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On  treating  this  salt  with  aqueous  alkalis,  naphthacridine  melting  at 
216°,  and  not  isonaphthacridine,  was  obtained,  which  on  treatment  with 
hydrochloric  acid  again  furnished  the  yellow  hydrochloride. 

1"2450  grams  of  isonaphthacridine,  recrystallised  six  times  from 
benzene,  were  dissolved  in  about  50  c.c.  of  glacial  acetic  acid,  and  dry 
hydrogen  chloride  passed  into  the  warm  solution  ;  the  hydrochloride 
which  came  down  at  first  had  a  green  tinge,  but  eventually  became 
yellow ;  it  was  collected  in  a  Gooch  crucible,  washed  with  glacial 
acetic  acid  and  dry  ether,  dried  at  110 — 120°,  and  weighed;  1*397 
grams  were  obtained,  the  theoretical  quantity  being  1*4086  grams. 
The  base,  liberated  by  warming  the  salt  with  ammonia,  was  pale 
yellow  and  melted  at  213 — 214°  (naphthacridine  melts  at  216°)  ; 
it  was  then  recrystallised  from  alcohol,  and  the  first  crop  of  crystals 
weighed  1"12  grams  and  melted  at  215°,  and  when  mixed  with  pure 
naphthacridine  there  was  no  depression  in  the  melting  point. 

0-1676  gave  05546  CO2  and  0*0723  HgO.     C  =  90*23  ;  H  =  4-79. 
C21H13N  requires  0  =  90*32  ;  H  =  4*66  per  cent. 

Action  of  Solvents  on  Isonaphthacridine. 

Isonaphthacridine  is  far  less  soluble  in  ordinary  solvents  than 
naphthacridine.  The  alcoholic  mother  liquors  from  the  recrystallisa- 
tion  of  isonaphthacridine  slowly  deposit  amber-coloured  prisms  of 
naphthacridine;  1*5  grams  of  recrystallised  isonaphthacridine,  heated 
with  acetone  for  several  hours,  on  cooling,  deposited  0  6  gram  of 
naphthaci'idine  (m.  p.  216°)  in  clear,  amber-coloured  pi*isms. 

One  gram  of  isonaphthacridine,  after  six  crystallisations  from  benzene, 
was  boiled  for  5  days  with  just  sufficient  acetone  to  keep  it  in  solution 
when  boiling ;  the  quantity  of  orange  needles  separating  was  less  each 
morning,  until  at  the  end  of  that  time  the  crystals  were  no  longer  of 
this  form,  but  appeared  as  amber-coloured  prisms.  The  acetone  was  dis- 
tilled off,  and  the  residue  recrystallised  from  alcohol,  when  0'65  gram  of 
naphthacridine  was  obtained  in  the  first  crop  of  crystals,  which  only 
gave  the  yellow  hydrochloi-ide  ;  the  filtrate,  on  evaporation,  gave  a 
residue  which  gave  a  greenish-yellow  hydrochloride,  indicating  that»the 
conversion  was  not  quite  complete. 

When  isonaphthacridine  is  dissolved  in  hot  glacial  acetic  acid,  and 
the  solution  quickly  cooled,  its  acetate  separates  in  rosettes  of  green 
needles,  but  when  the  solution  is  boiled  for  some  time,  the  yellow 
acetate  of  naphthacridine  crystallises  out  on  cooling. 

Isonaphthacridine  appears  to  be  a  tertiary  base ;  when  treated  with 
benzoic  chloride  by  the  Schotten-Baumann  method,  it  remains  unchanged, 
but  when  boiled  for  some  time  with  acetic  anhydride,  it  is  converted  into 
naphthacridine,  which  crystallises  out  in  amber-coloured  prisms.  When 
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sodium  nitrite  is  added  to  its  solution  in  glacial  acetic  acid,  a  brownish- 
yellow  substance  is  obtained  insoluble  in  the  ordinary  solvents,  but 
soluble  in  aniline,  from  which  it  crystallises  in  yellow  needles  ;  this 
is  an  unstable  nitrite  of  naphthacridine,  for  on  digesting  it  with  cold 
alcohol  (90  per  cent.)  it  is  decomposed,  yielding  naphthacridine.  As 
a  proof  that  all  the  nitrous  acid  had  been  removed  by  this  treatment,  the 
nitrogen  was  determined  in  the  naphthacridine  so  produced. 

0*2772  gave  11 '5  c.c.  moist  nitrogen  at  22°  and  764  mm.     N  =  4"72. 
CoiHjsN  requires  N  =  5"02  per  cent. 

Action  of  Alhjl  Iodides  on  Isonaiyhthacridine. 

Isonaphthacridine  was  heated  with  excess  of  methylic  iodide  in  sealed 
tubes  at  140°;  the  yellow  methiodide  produced  was  insoluble  in  the 
ordinary  solvents,  but  crystallised  from  aniline  in  small,  golden-yellow 
plates,  decomposing  somewhat  indefinitely  at  262 — 264°. 

oases  gave  0-0775  Agl.     I  =  30-60. 

C^iH^sNCH,,!  requires  I  =  30'08  per  cent. 

The  ethiodide  was  similarly  prepared,  and  crystallises  from  aniline 
in  short,  orange-yellow  prisms  melting  at  283 — 284°. 

0-1148  gave  0-0606  Agl.     1  =  28-52. 

CoiHjgN-CgH^I  requires  1  =  29-04  per  cent. 

Both  these  substances  are  derivatives  of  naphthacridine,  for  on 
treating  them  with  alcoholic  ammonia,  or  even  on  digesting  them  with 
undried  ethei-,  this  base  is  liberated. 

Naphthacridine. 

Reed's  method  of  preparation  was  repeated.  A  mixture  of  33  grams 
of  methylal  with  30  grams  of  acetone  was  saturated  with  hydrogen 
chloride  at  10°,  and  then  added  to  a  mixture  of  65  grams  of  ;8-naphthyl- 
amine  and  200  grams  of  concentrated  hydrochloric  acid ;  the  temperature 
rose  considerably,  and  the  mixture  at  once  became  brown.  After 
being  allowed  to  remain  overnight,  it  was  heated  for  5  hours  on  the 
water  bath,  and  then  poured  into  an  excess  of  caustic  soda  solution  ; 
ammonia  was  evolved,  and  a  brown,  tarry  mass  was  obtained,  which 
was  extracted  with  hot  water  to  remove  /?-naphthylamine,  and  then 
with  ether  to  remove  some  of  the  oily  impurity.  The  residue  was 
dissolved  in  acetone,  and  the  solution  treated  with  alcoholic  picric  acid 
solution  as  in  Reed's  experiment  {Joe.  cit.).  The  first  crop  of  picrate 
yielded  impure  naphthacridine  which  required  many  recrystallisations 
before  its  melting  point  remained  constant  at  216^  the  second  crop  of 
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picrate,  obtained  after  distilling  over  two-thirds  of  the  acetone,  yielded 
the  base  C^sHjgNg,  which  was  purified  by  recrystallisation  from  ethylic 
acetatp. 

In  Reed's  second  method,  naphthacridine  was  obtained  by  the  action 
of  methylal  alone  on  /8-naphthylamine  ;  this  experiment  was  repeated, 
using  the  proportions  employed  by  Reed.  As  the  mixture  of  methylal 
and  ^-naphthylamine  hydrochloride  in  excess  of  hydrochloric  acid  was 
heated  to  100°,  it  was  observed  that  at  a  certain  stage  it  became 
yellowish-green,  and  on  further  heating  changed  to  yellow ;  this 
change  indicates  the  formation  of  isonaphthacridine  as  an  intermediate 
product,  and  its  subsequent  conversion  into  naphthacridine.  The 
mixture  was  made  alkaline  with  caustic  soda,  the  /3-naphthylamine 
removed  by  hot  water,  and  the  residue  dissolved  in  alcohol ;  the  alco- 
holic solution  deposited  light  yellow  needles  mixed  with  a  brown  im- 
purity. The  whole  deposit  was  again  boiled  with  alcohol  until  the 
greater  portion  had  dissolved,  and  the  residue  crystallised  from  ethylic 
acetate,  when  the  base  CosH^gN^  was  obtained,  melting  at  203°  and 
crystallising  in  its  very  characteristic  manner,  in  colourless  prisms. 

The  alcoholic  mother  liquor  yielded  impure  naphthacridine  which 
was  only  obtained  pure  after  a  tedious  series  of  recrystallisations. 

Naphthacridine  is  most  easily  prepared  from  isonaphthacridine,  as 
the  latter  is  quantitatively  converted  into  it.  It  is  merely  necessary 
to  dissolve  isonaphthacridine  in  glacial  acetic  acid  heated  to  boiling 
for  6  or  7  hours,  and  allow  the  solution  to  cool,  when  brownish-yellow 
crystals  of  naphthacridine  acetate  separate.  These,  after  being  col- 
lected and  washed  with  acetic  acid  and  alcohol,  are  decomposed  by 
ammonia  solution  ;  the  naphthacridine  thus  obtained,  after  two  crys- 
tallisations from  alcohol,  is  quite  pure,  and  crystallises  in  beautiful, 
straw-coloured  needles  melting  at  216°. 

0-1384  gave  0-4568  00^  and  0  0585  H^.     C  =  90-03  ;  H  =  4-6S. 
C21H13N  requires  C  ==  9032  ;  H  =  4-66  per  cent. 

Naphthacridine  appeal's  to  crystallise  in  two  forms  ;  from  its  concen- 
trated solution  in  alcohol,  it  separates  quickly  as  straw-coloured  needles, 
but  when  allowed  to  crystallise  more  slowly  from  its  solution  in 
alcohol,  ethylic  acetate,  acetone,  or  benzene,  it  forms  clear,  amber- 
coloured  prisms,  which  become  opaque  on  drying  at  100°.  Both 
forms  have  the  same  melting  point,  and  give  the  yellow  hydi^ochloride. 

The  determination  of  the  molecular  weight  of  naphthacridine  was 
made  by  the  freezing  point  method. 

0  2155  in  17-46  benzene  gave  a  depression  of  0  226". 
M  =  280;  aiHi3N  =  279. 

The  molecular  weight  of  isonaphthacridine  could  not  be  obtained 
in  this  way,  owing  to  its  great  insolubility  in  cold  benzene. 
VOL.   LXXIII.  O   O 
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Naphtliacridine,  heated  with  methylic  iodide  in  sealed  tubes  at  140°, 
gives  a  yellow  methiodide  insoluble  in  all  low  boiling  point  solvents, 
which  crystallises  from  aniline  in  golden-yellow  scales  decomposing 
near  263^  and  is  identical  with  that  obtained  by  the  action  of  methylic 
iodide  on  isonaphthacridine. 

0-0973  gave  0*0550  Agl.     I  =  30-54. 

C21H13NCH3I  requires  I  -  30-08. 

The  ethiodide  prepared  in  a  similar  manner  is  identical  with  that 
from  isonaphthacridine  ;  it  crystallises  from  aniline  in  orange-yellow 
prisms,  and  decomposes  at  282 — 283°. 

0  1160  gave  0-0637  Agl.     1  =  29-66. 

CgiHisN'CaH.I  requires  1  =  29-04. 

In  studying  the  products  of  the  hydrogenation  of  isonaphthacridine 
and  naphthacridine  by  the  action  of  sodium  and  amylic  alcohol,  it  was 
noticed  that  both  compounds  yielded  a  substance  crystallising  in  red 
needles,  which  is  being  further  investigated  ;  isonaphthacridine  also 
appeared  to  remain  partly  unacted  on,  whilst  naphthacridine,  under 
similar  conditions,  gave  a  certain  quantity  of  isonaphthacridine.  An 
experiment  was  therefore  made  with  a  view  to  determine  whether 
naphthacridine  could  be  reconverted  into  isonaphthacridine  by  the 
action  of  sodium  amyloxide.  Five  grams  of  naphthacridine  were  dis- 
solved in  100  grams  of  amylic  alcohol,  mixed  with  60  grams  of 
amylic  alcohol  in  which  7  grams  of  sodium  had  been  dissolved,  and 
the  mixture  heated  for  24  hours.  The  amylic  alcohol  was  then 
driven  off  by  steam  distillation,  and  the  residue  dried  and  dissolved  in 
benzene.  A  crop  of  orange  needles  separated  which  weighed  2  grams  ; 
these  did  not  melt  at  216°,  but  at  225—226°,  and  yielded  the  green 
hydrochloride.  The  filtrate  contained  a  mixture  of  isonaphthacridine 
and  naphthacridine,  and  it  has  not  been  found  possible  to  make  this 
conversion  complete. 


The  Base  G^:^^^^. 

This  base  is  obtained  by  the  action  of  methylal  or  of  formaldehyde 
on  /3-naphthylamine  in  the  presence  of  hydrochloric  acid. 

Action  of  Formaldehyde  on  ^-NajMojlamine  in  Glacial  Acetic  Acid. 
— Seventy-two  grams  of  /3-naphthylamine  were  dissolved  in  250  grams 
of  glacial  acetic  acid,  the  solution  cooled  to  3°,  and  60  grams  of  40 
per  cent,   formaldehyde  solution*  (li  mols.)  slowly  added  with  con- 

*  Although  the  formaldehyde  solution  employed  in  these  experiments  gave  no  indi- 
cations of  acetone  when  submitted  to  the  tests  for  this  substance,  an  experiment  was 
made  with  a  sample  of  formaldehyde  solution  prepared  from  pure  methylic  alcohol 
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stant  stirring.  A  white,  amorphous  precipitate  separated  until  the 
mixture  acquired  a  pasty  consistency,  but,  on  standing  for  about  an 
hour,  the  precipitate  redissolved,  and  the  clear  liquid  was  decanted 
from  a  slight  amount  of  tar  which  remained  insoluble.  A  crystalline 
precipitate  then  gradually  separated  ;  this  was  filtered  off,  and  alcohol 
added  to  the  filtrate,  and  the  whole  heated  to  boiling;  on  cooling,  a 
second  crop  was  obtained ;  on  pouring  the  mother  liquor  into  a  large 
quantity  of  water,  a  resinous  mass  separated,  which,  after  being  ex- 
tracted with  a  little  alcohol,  became  granular  and  crystalline.  The 
entire  crystalline  product  weighed  68  grams,  and  was  purified  by  re- 
crystallisation  from  glacial  acetic  acid,  when  it  melted  at  202 — 203°. 
The  crystals  may  be  obtained  colourless  by  boiling  the  acetic  acid 
solution  with  a  little  zinc  dust. 

A  portion,  after  four  crystallisations  from  alcohol,  gave  the  following 
numbers  on  analysis. 

0-1364  gave  0-4312  CO2  and  0-0694  H,0.  0  =  86-21  ;  H  =  5-65. 
0-1409  „  0-4437  CO2  „  0-0721  H^O.  C  =  85-87 ;  H  =  5-68. 
0-1128  „  0-3549  CO^,  „  0-0576  H^O.  0  =  85-81 ;  H  =  5-67. 
0-2040     „     16-2  c.c.  m^oist  N  at  24-5°  and  766  mm.     :Nr  =  8-95. 

An  analysis  of  this  base  made  from  formaldehyde  and  /8-naphthyl- 
amine  in  alcoholic  solution  gave  the  following. 

0-1328  gave  0-4172  OO2  and  0-0691  H,0.  0  =  85-68;  H  =  5-80. 
0-3200     „     23-4  c.c.  moist  N  at  16-5°  and  768-5  mm..    N"  =  8-62. 

The  mean  of  these  analyses  including  those  of  page  542,  gave  the 
following  values. 

0  =  85-81;  H  =  5-72;  N  =  8-77  per  cent. 
OggH^sNo  requires  0  =  85-71;  H  =  5-59;  N  =  8-70. 
O24H20N2        „       0  =  85-71;  H  =  5-95;  N  =  8-33. 

A  molecular  weight  determination  by  the  freezing  point  method 
gave  the  following  results. 

0-4106  in  18-87  benzene  gave  a  depression  of  0-340°.     M  =  326. 
0-1660  „  26-84       „  „  „  0-099°.     M  =  320. 

023HisN2  =  322  ;  024H2oN2  =  336. 

In  preparing  the  base  by  the  method  just  described,  the  solution 
must  be  kept  quite  cold  during  the  addition  of  the  formaldehyde, 
otherwise  the  temperature  rises  very  rapidly  to  40°  or  50°,  the  solution 
turns  green,  and  a  large  amount  of  tarry  matter  is  produced,  from 

which  was  kindly  placed  at  my  disposal  by  Messrs.  Mercklin  and  Lbsekann,  of 
Hanover.  As  the  base  melting  at  203°  was  obtained  equally  readily  under 
these  conditions,  there  can  be  no  doubt  that  acetone  plays  no  part  in  the 
condensation. 

o  o  2 
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which  the  base  cannot  be  obtained.  One  quantity  which  had  been 
spoiled  in  this  way  was  examined,  in  order  to  see  whether  any  definite 
product  could  be  isolated.  For  this  purpose,  the  green,  tarry  mass  was 
extracted  with  benzene,  to  which  sodium  carbonate  was  added,  in  order 
to  decompose  any  acetates  which  might  be  contained  in  the  tar.  The 
benzene  solution  deposited  orange  needles  of  isonaphthacridine,  the 
yield  being  about  10  per  cent,  on  the  amount  of  /?-naphthylamine 
employed. 

The  base  CgjHjgNg  is  readily  soluble  in  acetic  acid,  benzene,  amylic 
alcohol,  and  ethylic  acetate,  sparingly  in  ethylic  alcohol  and  in  ether, 
crystallising  from  these  solvents  in  colourless,  transparent  prisms  often 
showing  cruciform  twinning. 

It  remains  unchanged  under  the  influence  of  reducing  agents,  zinc 
dust  and  acetic  acid  being  without  action  on  it,  and  the  greater  part  of 
the  substance  is  recovered  when  subjected  to  the  action  of  sodium  and 
amylic  alcohol.  A  strong  aqueous  solution  of  sodium  nitrite,  when 
added  to  an  acetic  acid  solution  of  the  base,  precipitates  a  colourless 
nitrite  which  is  decomposed  into  the  base  and  nitrous  acid,  even  on 
agitation  with  moist  ether.  The  non-formation  of  a  nitrosamine  or  of 
a  diazosalt  in  this  experiment  points  to  the  conclusion  that  the  base 
contains  only  tertiai'y  nitrogen. 

When  heated  with  strong  hydrochloric  acid  at  180°,  only  ammonium 
chloride  and  a  black,  tarry  mass  are  obtained,  whilst  at  lower  tem- 
peratures the  base  remains  unaltered. 

Conversion  of  t/ie  Base  CggH^gNg  into  Naphthacridine. 

Forty  grams  of  the  base  were  sealed  up  with  8  grams  of  red  phos- 
phorus and  60  grams  of  strong  hydriodic  acid  (sp.  gr.  1"94)  and  heated 
for  5  to  6  hours  at  180°.  The  tubes  were  found  to  contain  a  small 
quantity  of  permanent  gas  which  contained  phosphine,  an  aqueous^ 
strongly  acid  layer,  a  small  quantity  of  an  oil  lighter  than  water  and 
having  a  penetrating  odour,  and  a  brown,  resinous  mass.  The  liquid 
portions  were  poured  off  from  the  resinous  product  and  steam  distilled, 
when  the  oil  passed  over  with  the  distillate.  This  was  shaken  up  with 
ether,  and  on  distilling  off  the  solvent  only  about  0'5  c.c.  of  oil  was 
left.  The  whole  quantity  obtained  from  two  series  of  experiments, 
when  distilled,  boiled  between  205°  and  215°;  its  solution  in 
chloroform  slowly  decolorised  bromine,  with  evolution  of  hydrogen 
bromide.  These  properties  resemble  those  of  the  di-  and  tetra-hydro- 
naphthalene.s,  but  the  amount  obtained  was  so  small  that  the  substance 
was  not  further  investigated. 

The  aqueous  solution  left  in  the  distilling  flask  after  removal  of  the 
oil  was  made  alkaline  with  soda  and  distilled ;  ammonia  was  evolved, 
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and  on  being  collected  in  hydrochloric  acid  and  evaporated  to  dryness, 
weighed  6 '2  grams.  The  quantity  which  should  have  been  obtained, 
supposing  that  half  the  nitrogen  was  eliminated  as  ammonia,  is  6 '4 
grams. 

The  resinous  portion  was  found  to  be  insoluble  in  all  the  low  boiling 
point  solvents,  but  it  dissolved  in  aniline,  and  the  solution  on  cooling 
deposited  bronzy-yellow  flakes  which  were  collected  and  dried  on 
porous  plates;  35  grams  of  the  recrystallised  substance  were  obtained. 
This  substance  proved  to  be  the  hydriodide  of  naphthacridine,  and  the 
yield  of  recrystallised  product  was  69  per  cent,  of  the  theoretical. 

After  three  crystallisations  from  freshly  distilled  aniline,  followed  by 
extraction  with  dry  ether  in  order  to  remove  the  solvent  as  far  as 
possible,  a  specimen  gave  the  following  numbers. 

0-1316  gave  0-0741  Agl.     1  =  30-41. 
0-1344     „     0-0759  Agl.     1  =  30-51. 

C^iHjgNjHI  requires  1  =  31-11  per  cent. 

The  naphthacridine  obtained  from  the  hydriodide  by  warming  it  with 
alcoholic  potash,  after  repeated  crystallisation  from  alcohol,  melted 
at  214 — 215°,  and  the  melting  point  remained  unaltered  when  mixed 
with  pure  naphthacridine  (m.  p.  216°). 

0-1593  gave  0-5314  CO2  and  0-0690  HgO.     C  =  90-41;  H  =  4-81. 
C21H13N  requires  C  =  90-32;  H  =  4-66  per  cent. 

The  result  throws  considerable  light  on  the  constitution  of  the  base 
CggHjgNg ;  one  of  the  methylene  radicles  must  be  directly  attached  to 
the  two  naphthalene  nuclei,  and  since  the  base  is  a  tertiary  one,  the 
other  two  are  probably  attached  to  the  two  nitrogen  atoms. 

The  formula  of  the  substance  may  be  written  in  the  following 
manner,  CHo(CioHgN: 0112)2.  An  explanation  of  the  reaction  with 
hydriodic  acid  and  red  phosphorus,  and  the  graphical  formula  of  the 
substance,  are  given  in  the  theoretical  part  of  the  paper. 

Although  this  is  such  a  beautifully  crystalline  substance,  it  does  not 
yield  well-defined  crystalline  derivatives.  It  is  sulphonated  when 
treated  at  100°  with  sulphuric  acid  containing  a  little  sulphur  trioxide, 
but  the  free  sulphonic  acid  forms  a  gelatinous  mass  and  its  barium  and 
potassium  salts  are  devoid  of  any  tendency  to  crystallise.  The  action 
of  bromine  or  nitric  acid  gives  rise  to  indefinite  insoluble  products. 

Tlie  Base  CgaH^gNg,  imlting  at  186—187°. 

This  is  the  substance  which  is  formed  in  small  amount  (about  2  per 
cent.)  when  formaldehyde  reacts  with  an  alcoholic  solution  of  /3-naph- 
thylamine  in  the  presence  of  hydrochloric  acid. 

Its  complete  analysis  (page  542)  has  indicated  the  empirical  formula 
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C|jHgN.  Its  hydrochloride,  prepared  by  dissolving  the  base  in 
alcoholic  hydrochloric  acid,  is  deposited  in  tufts  of  fine,  white  needles 
melting  indefinitely  at  255°. 

0-1398  gave  00566  AgCl     CI  =  1001. 

C22Hjc^2'^^^  requires  CI  =  10-30  per  cent. 

The  base  is  fairly  soluble  in  hot  alcohol,  but  almost  insoluble  in 
the  cold,  and  readily  soluble  in  ethylic  acetate  or  acetone,  from  which 
it  crystallises  in  tufts  of  fine,  pale-yellow  needles.  It  is  sparingly 
soluble  in  hot  water,  and  dissolves  readily  in  benzene,  from  which  it  is 
precipitated  by  light  petroleum.  It  is  exceedingly  soluble  in  cold 
glacial  acetic  acid,  and  when  sodium  nitrite  is  added  to  this  solution  a 
copious  white  precipitate,  consisting  of  the  nitrite,  separates  in  rosettes 
of  small,  colourless  needles.  A  nitrogen  determination  of  the  substance 
gave  the  following. 

0-1257  gave  12*9  c.c.  moist  nitrogen  at  14°  and  761  mm.     N  =  12-10. 
C22H10N2HNO2  requires  N  =  11-83  per  cent. 

The  base  is  regenerated  from  the  nitrite  on  treatment  with  aqueous 
soda.  When  treated  with  hydriodic  acid  in  the  cold,  it  gives  a  blue 
precipitate,  and  when  heated  with  this  acid  and  red  phosphorus  at 
180°,  no  definite  product  is  obtained  and  no  nitrogen  is  eliminated  as 
ammonia. 

Royal  College  of  Science, 
London. 


LVII. — Action   of  Hydrogen  Bromide   in   Presence    of 
Ether  on  Carbohydrates  and  certain  Organic  Acids. 

By  Henry  J.  Horstman  Fenton,  M.A.,  and  Miss  Mildred  Gostling, 

B.Sc,  Lond. 

It  has  been  shown  by  one  of  the  authors  (Trans.,  1896,  553)  that 
the  ethylic  salt  of  dihydroxymaleic  acid  can  readily  be  obtained  by  the 
interaction  of  the  free  acid  with  anhydrous  ethylic  ether  in  presence  of 
dry  hydrogen  bromide  at  the  ordinary  temperature.  The  product  is 
identical  in  every  respect  with  that  obtained  from  the  acid  and  ethylic 
alcohol  in  presence  of  hydrogen  chloride,  and  the  yield  appears  to  be 
about  the  same.  A  similar  result  cannot  be  effected  by  substituting 
hydrogen  chloride  for  hydrogen  bromide.  Ethylic  ether  is  known,  of 
course,  to  react  with  sulphuric,  hydrochloric,  and  a  few  other  inorganic 
acids,  under  certain  conditions,  to  form  ethylic  salts,  but  no  such 
behaviour  towards  organic  acids  appears  to  have  been  observed. 
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It  was  therefore  considered  advisable  to  extend  the  observations  to 
some  other  acids,  in  order  to  ascertain  whether  the  reaction  is  one  of 
general  application.  Accordingly,  experiments  were  made  with  oxalic, 
acetic,  benzoic,  stearic,  and  boric  acids.  In  every  case  examined,  the 
ethylic  salt  of  the  acid  was  readily  obtained,  the  yield  being  generally 
good. 

The  acid  was  in  each  case  covered  with  anhydrous  ether  puritied 
carefully  from  alcohol  and  water  as  previously  described,  dry  hydrogen 
bromide  was  passed  into  the  mixture  until  it  was  saturated  or  nearly 
saturated,  and  it  was  then  left  for  some  days.  The  product  was 
separated  and  purified  by  the  ordinary  methods. 

Oxalic  Acid. — Twenty  grams  of  the  pure  dry  acid  were  covered  with 
about  200  c.c.  of  ether,  saturated  with  dry  hydrogen  bromide,  and 
after  three  days  the  mixture  was  treated  with  water  ;  the  heavy  liquid 
which  separated  was  purified  by  washing  with  dilute  sodium  carbonate 
solution,  dried  over  calcium  chloride,  and  distilled.  The  portion  dis- 
tilling between  178°  and  182°  weighed  15  grams,  and  had  all  the  por- 
perties  of  ethylic  oxalate,  as  recognised  by  its  boiling  point,  odovir, 
action  on  aqueous  ammonia,  and  action  on  alcoholic  potash. 

Acetic  Acid. — Twenty  grams  of  glacial  acetic  acid  were  covered  with 
about  160  c.c.  of  ether  and  saturated  with  dry  hydrogen  bromide ; 
after  three  days,  it  was  treated  in  exactly  the  same  way  as  the  ethylic 
oxalate.  The  portion  distilling  between  75°  and  82°  was  collected,  and 
was  readily  recognised  as  ethylic  acetate  by  its  charactexnstic  odour. 
The  yield  was  about  9  grams. 

Benzoic  Acid. — Twenty  grams  of  benzoic  acid  covered  with  pure  dry 
ether  were  saturated  with  gaseous  hydrogen  bromide  and  allowed  to 
stand  for  a  few  days.  It  was  then  heated  for  some  time  on  a  water 
bath  to  free  it  from  hydrogen  bromide,  shaken  with  excess  of  sodium 
carbonate  solution  to  remove  any  free  benzoic  acid,  extracted  with 
ether,  dried  over  calcium  chloride,  and  distilled.  The  portions  distil- 
ling between  209°  and  212°  weighed  11  grams. 

Stearic  Acid. — Some  stearic  acid  was  treated  in  exactly  the  same 
manner  with  ether  and  hydrogen  bromide,  and  after  a  few  days  shaken 
up  with  a  dilute  sodium  carbonate  solution,  the  ether  evaporated,  and 
the  waxy-looking  residue  crystallised  from  alcohol.  The  crystals,  dried 
and  freed  from  alcohol  in  a  vacuum  desiccator,  were  recognised  as 
ethylic  stearate  by  their  appearance  and  melting  point  (33°), 

Boric  Acid. — Crystallised  boric  acid  was  covered  with  ether,  saturated 
with  hydrogen  bromide,  and  after  being  allowed  to  stand  for  two  days 
was  distilled  under  reduced  pressure  to  remove  free  hydrogen  bromide 
and  ether.  The  portions  collected  between  115°  and  120°  were 
redistilled  under  atmospheric  pressure. 

The  product  burnt  with  a  green  flame,  and  was  quickly  decomposed 
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by   water,    giving   boric   acid   and   ethylic    alcohol.      The   quantity 
obtained,  however,  was  but  small. 

The  yields  appear  to  be  fairly  good  in  most  instances,  and  the  process 
may,  in  certain  special  cases,  have  a  practical  adv.antage  over  the  usual 
methods  of  preparing  ethylic  salts  ;  the  principal  object  of  this  part 
of  the  investigation,  however,  was  to  demonstrate  that  the  change  is  a 
general  one,  that  is  to  say,  that  the  acid  interacts  with  ether  in 
presence  of  dry  hydrogen  bromide  to  form  an  ethylic  salt. 

Experiments  were  then  made  with  a  view  of  ascertaining  the  be- 
haviour of  organic  compounds  other  than  acids  when  .submitted  to  a 
similar  treatment  ;  the  first  group  of  substances  selected  was  that  of 
the  carbohydrates  and  some  of  the  allied  alcohols. 

Cane-sugar. — The  powdered  substance  was  covered  with  anhydrous 
ether,  and  di*y  hydrogen  bromide  was  passed  into  the  mixture  nearly 
to  saturation,  the  vessel  being  surrounded  by  cold  watei  .  At  first, 
only  a  yellow  coloi*ation  was  produced,  but  after  the  mixture  had  been 
allowed  to  stand  for  about  an  hour  at  the  ordinaiy  temperature,  a 
beautiful  and  intense  2m,rple  colour  was  developed,  both  in  the  solution 
and  in  the  undissolved  solid,  and  remained  permanent  for  some  days. 

On  adding  water,  the  colour  is  immediately  discharged,  and  a 
greenish-black  precipitate  separates  which  dissolves  in  concentrated 
sulphuric  acid  with  a  purple  colour. 

On  evaporating  the  purple  ethereal  solution  in  a  vacuum  over  sul- 
phuric acid  and  solid  potash,  a  purplish-black,  gummy  mass  remains, 
and  a  similar  effect  is  produced  by  precipitation  with  light  petroleum. 
If  the  purple  solution  is  treated  with  excess  of  anhydrous  sodium 
carbonate,  a  yellow  mass  is  obtained  from  which  ether  extracts  a  sub- 
stance that  gives  the  purple  coloration  with  concentrated  sulphuric 
acid.  It  is  left  as  a  yellow  gum  on  evaporating  the  ether,  but  on 
adding  light  petx'oleum  it  is  partially  precipitated  in  yellow  flocks  which 
dry  up  in  a  vacuum  to  a  buff-yellow  powder.  This  again  gives  the 
purple  colour  with  sulphuric  acid. 

The  properties  of  this  substance  seem  closely  to  resemble  those  of 
the  compound  which  has  been  described  by  Stenhouse  and  others  as 
'  metafurfurol,'  which  is  obtained  in  small  quantity  in  the  ordinary 
preparation  of  furfuraldehyde.  It  does  not  appear,  however,  to  be 
volatile,  as  it  could  not  be  detected  in  the  distillate  when  either  the 
acid  or  alkaline  mixtures,  above  referred  to,  were  distilled  under  re- 
duced pressure  or  in  a  current  of  steam.  The  nature  of  this  substance 
is  still  under  investigation. 

A  similar  colour  reaction  cannot  be  obtained  by  substituting  hydro- 
gen chloride  for  hydrogen  bromide,  only  a  slight  reddish  coloration  being 
obtained  even  after  long  standing  ;  and  hydrogen  iodide  merely  gives 
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a  separation  of  iodine.  Subsequent  experiments  have  shown,  however, 
that  the  ether  is  not  essential.  If  powdered  cane-sugar  be  shaken  in  a 
stoppered  bottle  filled  with  dry  hydrogen  bromide,  the  gas  is  slowly 
absorbed,  and  the  solid  becomes  first  pink  and  then  deep  purple.  The 
colour,  however,  is  not  so  permanent  as  when  ether  is  employed,  being 
changed  to  black  after  some  hours. 

In  order  to  compare  the  behaviour  of  other  carbohydrates,  &c.,  with 
that  of  cane-sugar  under  uniform  conditions,  about  0"5  gram  of  the 
powdered  substance  was  placed  in  a  stoppered  bottle  and  covered  with 
7 '5  c.c.  of  anhydrous  ether  which  had  previously  been  saturated  with 
dry  hydrogen  bromide  at  about  15°.  With  these  proportions,  cane- 
sugar  gives  an  intense  purple  colour  in  about  an  hour  and  a  half. 

Milk-sugar,  maltose,  dextrose,  galactose,  xylose,  and  the  synthetical 
sugar  obtained  by  condensation  of  glycollic  aldehyde  (Trans.,  1897, 
71,  377)  give  only  varying  shades  of  yellow,  brown,  or  red,  even  after 
standing  for  several  hours,  but  after  the  mixtures  have  I'emained  for 
periods  of  about  24  hours  a  certain  amount  of  purple  colour  is  obtained 
in  each  case.  The  intensity  and  brilliancy  of  this  colour,  however, 
even  after  standing  for  several  days,  never  even  distantly  approaches 
that  obtained  with  cane-sugar  after  it  has  stood  for  about  an  hour  and 
a  half.  The  colour  obtained  with  xylose  is  more  intense  than  that 
given  with  the  other  substances  mentioned  in  this  group,  and  appears 
rather  more  quickly. 

Lccvulose  (crystallised),  on  the  other  hand,  when  treated  in  a  similar 
way,  gives  a  much  more  energetic  reaction  than  cane-sugar,  a  red  colour 
being  developed  after  a  minute  or  two,  and  becoming  intensely  purple 
after  about  half  an  hour.  The  dry  substance  absorbs  hydrogen  bromide, 
almost  instantaneously  becoming  deep  purple.  The  absorption  of  the 
gas  is  extremely  rapid,  and  forms  a  striking  expei'iment  when  the 
powdered  substance  is  placed  in  a  jar  of  hydrogen  bromide  over 
mercury  ;  a  small  jar  is  completely  filled  in  about  5 — 10  minutes, 
whilst  in  the  case  of  cane-sugar  a  similar  absorption  takes  about  5  hours. 

Dry  hydrogen  chloride  also  gives  a  certain  amount  of  purple  colour 
with  Isevulose,  which  is  soon  changed  to  black  ;  and  an  ethereal  solution 
of  hydrogen  chloride  gives  a  red  colour  after  the  lapse  of  some  hours. 

Glycollic  aldehyde  (Trans.,  1895,  67,  774)  and  arahinose  give  only 
various  shades  of  orange  and  brownish-red,  without  any  trace  of  purple, 
even  on  long  standing. 

Starch,  glycogen,  cellulose,  gum,  mannitol,  dulcitol,  sorbitol,  erythritol, 
and  glycerol  all  produce  merely  a  yellow  colour. 

Dextrin  gives  no  colour  until  after  the  mixture  has  stood  for  about 
24  hours,  when  a  very  faint  trace  of  purple  colour  becomes  apparent. 

Inulin,  however,  after  standing  for  about  1 — 2  hours,  gives  an 
intense  piirple  colour  resembling  that  from  cane-sugar  or  Isevulose. 
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Sorbose  beharves  exactly  like  Isevulose,  giving  an  intense  purple  colour 
after  about  half  an  hour. 

Kharanose  behaves  in  the  first  instance  like  arabinose,  giving  only 
an  orange  or  red  colour  after  about  24  hours ;  but  on  longer  standing 
a  cei'tain  amount  of  purple  colour  is  obtained. 

Mucic,  saccharic  and  manno-saccharic  acids  give  no  colour. 

The  carbohydrates  which  have  so  far  been  examined  may  conveni- 
ently be  clas.sified  with  regard  to  their  behaviour  towai'ds  hydrogen 
bromide  in  ethereal  solution  in  the  following  manner. 

a.  Those  which  give  an  intense  purple  coloration  after  standing  for 
tih'O  hours  or  less. 

b.  Those  which  give  a  purple  colour  of  relatively  moderate  inten- 
sity only  after  standing  for  a  day  or  two. 

c.  Those  which  give  a  deep  red  or  brown  colour  without  any  tinge 
of  purple,  even  on  long  standing,  and 

d.  Those  which  remain  unaffected,  or  give  only  a  yellow  colour. 

On  reference  to  the  examples  given,  it  will  be  observed  that  the  sub- 
stances which  behave  as  in  a  are  either  ketohexoses  or  ai'e  carbohydrates 
capable  of  producing  these  on  hydrolysis. 

Substances  which  behave  as  in  b  are  hexaldoses  or  carbohydrates 
which  give  rise  to  them,  whilst  glycollic  aldehyde  (dialdose)  and 
arabinose  (pentaldose),  behave  according  to  c.  The  behaviour  of 
rhamnose  (methylpentose)  appears  to  be  intermediate  between  b  and  c. 
Xylose  (pentaldose),  however,  shows  a  behaviour  similar  to  the 
hexaldoses  ;  with  this  exception,  it  would  appear  that  the  produc- 
tion of  any  purple  colour,  either  quickly  or  slowly,  is  indicative  of 
keto/igjcoses,  /ieroaldoses,  or  substances  which  give  rise  to  these.  It 
is  of  course  possible  that  this  exception  is  due  to  impurity  in  the 
xylose  employed.  It  was,  however,  the  purest  obtainable  specimen, 
recrystallised. 

This  colour  reaction  may  be  of  service  as  a  general  method  of  distin- 
guishing certain  types  of  carbohydrates,  especially  those  which  behave 
as  in  a,  the  reaction  for  which  is  very  characteristic  ;  and  it  may, 
perhaps,  be  employed  for  showing  the  presence  of  such  carbohydrates 
in  natural  products,  etc. 

Cork  and  bran  become  purple-violet  after  the  mixture  has  remained 
for  a  few  hours,  whilst  unripe  fruits  (gooseberries  and  currants,  for 
example)  give  the  coloration  after  a  few  minutes. 

Note. — Professor  Tilden  has  called  our  attention  to  the  fact  that 
terpineol,  and  also  many  essential  oils,  give  a  purple  coloration  when 
treated  with  gaseous  hydrogen  chloride  (Trans.,  1879,35,  286),  and  we 
find  that  a  somewhat  similar  effect  is  produced  by  a  solution  of  hydro- 
gen bromide  in  ether.     This  colour  does  not,  however,  appear  to  have 
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any  connection  with  that  which  is  obtained  with  carbohydrates,  and 
the  effects  are  easily  distinguished.  In  the  ca.'^e  of  terpineol,  the 
maximum  colour-intensity,  which  is  relatively  very  slight,  is  obtained 
immediately  and  fades  on  adding  more  of  the  reagent. 


k 


LVIII. — Researches  on   Camphoric  Acid. 

By  Samuel  Barnett  Schryver, 

"  In  experimenting  on  the  constitution  of  camphoric  acid,  one  of  the 
most  characteristic  properties  which  at  once  presents  itself  is  the  great 
stability  of  the  acid,  which  makes  it  very  difficult  to  attack  it  by  re- 
agents and  thus  resolve  it  into  smaller  molecules." 

With  these  words.  Prof.  VV.  H.  Perkin  and  Dr.  Ci'ossley  preface 
their  paper,  which  opens  the  current  volume  of  the  transactions  of  this 
Society.  They  may  equally  well  stand  at  the  head  of  the  present  com- 
munication. It  seems  desirable,  however,  not  only  that  camphoric 
acid  should  be  resolved  into  smaller  molecules,  but  also  that  the  re- 
actions by  which  this  purpose  is  accomplished  should  take  place  at 
comparatively  low  temperatures.  With  this  purpose  in  view,  the 
following  work  was  undertaken. 

Sodium  ethoxide  acts  in  various  ways  on  the  ethylic  salts  of  mono- 
basic lactone  acids,  to  which  class  camphanic  acid  (oxycamphoric  acid) 
belongs ;  terebic  acid,  for  example,  is  converted  by  this  means  into  the 
unsaturated  teraconic  acid  (Roser,  Annalen,  1883,  220,  255).  It  was 
found  that  no  action  took  place  when  ethylic  camphanate  was  treated 
either  by  sodium  ethoxide  in  alcoholic  solution,  or  by  sodium  in 
ethereal  solution,  under  varying  conditions. 

Lauronolic  Acid. 

Having  failed  to  prepare  from  camphoric  acid  an  unsaturated  acid 
in  the  way  described  above,  attention  was  next  turned  to  lauronolic 
acid,  which  was  originally  prepared  by  Woringer  {Annalen,  1885,227, 
7)  by  the  destructive  distillation  of  camphanic  acid.  More  recently, 
however,  Aschan  {Ber.,  1894,  27,  3507)  showed  that  it  could  be  pre- 
pared directly  from  bromocamphoric  anhydride  by  treating  it  with 
sodium  carbonate,  thereby  proving  that  the  bromine  atom  is  in  the 
a-position.  Previously,  however,  to  the  publication  of  Aschan 's  paper, 
the  author  of  the  present  communication  had  commenced  the  investi- 
gation of  lauronolic  acid,  more  especially  of  the  oxidation  products  of 
this  substance,  and  on  informing  Dr.  Aschan  of  this,  he  courteously 
abandoned  this  field ;  the  author  takes  this  opportunity  of  expressing 
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his  obligations  to  Dr.  Aschan,  and  of  acknowledging  the  very  great 
assistance  he  has  received  in  carrying  out  the  following  difficult  and 
tedious  work  by  the  publication  above  referred  to. 

Preparation  of  Bromocamphoric  Anhydride  and  Lauronolic  Acid. 

The  method  adopted  for  preparing  these  substances  was  essentially 
that  of  Aschan,  namely,  converting  camphoric  acid  first  into  its 
chloride  by  means  of  phosphorus  pentachloride,  and  brominating  the 
product  thus  formed  in  presence  of  the  phosphorus  compounds. 
Usually,  250  grams  of  acid  were  brominated  at  a  time,  50  grams  of 
acid  and  105  grams  of  pentachloride  being  introduced  altei'nately  into 
the  flask,  as  it  is  not  advisable  to  mix  the  whole  of  the  250  grams  and 
the  corresponding  amount  of  chloride  at  once.  After  brominating,  the 
contents  were  thrown  into  a  large  quantity  of  water,  the  mixture  being 
cooled  as  soon  as  the  reaction  begins  to  get  violent ;  the  lauronolic 
acid  was  then  prepared  from  the  product  obtained,  exactly  according  to 
Aschan's  directions.  Altogether  about  160  grams  of  lauronolic  acid 
are  obtainable  from  1  kilogram  of  camphoric  acid. 

Oxidation  of  Lauronolic  Acid  hy  Potassium  Permanganate. 

Ten  grams  of  lauronolic  acid  were  dissolved  in  dilute  sodium  carbon- 
ate solution,  and  ice  cold  3  per  cent,  solution  of  potassium  permangan- 
ate added  drop  by  drop,  shaking  constantly  ;  after  the  quantity  corre- 
sponding with  4  atoms  of  available  oxygen  per  molecule  of  acid  has 
been  added,  oxidation  with  unsaturated  acids  generally  proceeds  very 
slowly,  but  this  is  not  the  case  with  lauronolic  acid,  as  much  more 
permanganate  solution  was  added  without  any  apparent  retardation  of 
the  oxidation.  The  products  of  oxidation,  which  were  isolated  in  the 
usual  way,  consisted  of  some  unchanged  lauronolic  acid,  small  quanti- 
ties of  volatile  fatty  acids,  oxalic  acid,  and  another  acid  giving  an 
insoluble  lead  salt,  obtained  after  the  oxalic  acid  had  been  separated  as 
calcium  oxalate,  but  in  quantity  far  too  small  for  further  investigation. 
No  other  definite  product  was  obtained.  In  this  respect,  lauronolic  acid 
behaves  like  the  tetrahydrophthalic  acids  investigated  by  von  Bayer,  and 
differs  from  the  majority  of  ordinary  unsaturated  acids. 

For  this  reason,  and  owing  to  the  ease  with  which  a  nitro-derivative 
was  formed  (see  below),  it  was  thought  that  camphoric  and  lauronolic 
acids  were  hydrogenised  benzene  derivatives,  and  an  attempt  to  synthe- 
sise  camphoronic  acid  on  this  assumption  was  made  (Trans.,  1898, 
73,  68). 
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Action  of  Nitric  Acid  on  Lauronolic  Acid. 

On  treating  lauronolic  acid  with  nitric  acid,  a  violent  oxidation  took 
place  ;  the  solid  neutral  product  which  separated  was  collected,  and  the 
filtrate  neutralised  with  caustic  soda  and  evaporated  down  to  a  small 
bulk  ;  on  adding  silver  nitrate,  a  copious,  white  precipitate  was  formed, 
which,  after  being  washed  with  water,  alcohol,  and  ether,  was  sus- 
pended in  ether  and  decomposed  by  hydrogen  sulphide ;  after  filtering 
from  the  silver  sulphide,  and  evaporating  the  ether,  a  solid  acid  was 
left  which  proved  to  be  oxalic  acid. 

Nitrocampholactone.* 

The  solid  substance  mentioned  in  the  preceding  paragraph  as  obtained 
on  treating  lauronolic  acid  with  nitric  acid  proved  on  investigation  to 
be  nitrocampholactone,  CrjHjgOg'lSrOo.  To  obtain  the  best  yield  of  this 
compound,  the  following  method  was  employed ;  lauronolic  acid  in 
quantities  of  5  grams  at  a  time  is  dissolved  in  four  or  five  times  its 
volume  of  concentrated  nitric  acid  of  sp.  gr.  1'45,  and  very  gently 
warmed  over  a  small  flame  in  a  reflux  apparatus  ;  as  soon  as  action 
commences,  the  flask  containing  the  mixture  is  immersed  in  cold  water. 
"When  the  violent  reaction  which  takes  place,  accompanied  by  large 
quantities  of  nitrous  fumes,  abates,  the  mixture  is  cooled  and  poured 
into  several  times  its  volume  of  cold  water.  The  oil  which  separates 
very  quickly  solidifies  to  a  yellow,  flocculent  mass  ;  this  is  collected, 
washed  with  cold  water,  and,  after  being  dried  on  a  porous  plate,  is  re- 
crystallised  from  absolute  alcohol,  from  which  it  separates  in  nearly 
white,  skeleton,  quadratic  prisms  melting  at  170°.  This  product  is 
generally  pure  enough  for  all  further  operations.  Another  crop  of 
crystals  can  generally  be  obtained  by  adding  a  little  water  to  the 
mother  liquor,  but  if  too  much  water  is  added  an  oil  separates.  The 
crystals  are  almost  insoluble  in  water  and  dilute  alkalis,  neutral  to 
litmus  paper,  and  readily  soluble  in  alcohol,  ether,  light  petroleum,  and 
most  other  organic  solvents.  For  analysis,  they  were  twice  crystallised 
from  absolute  alcohol,  and  finally  from  light  petroleum,  separating 
from  the  latter  in  the  form  of  scalenohedric  quadruplets  melting  at 
171°.     They  volatilise  even  below  100°.t 

*  Campholactone  is  isomeric  with  lauronolic  acid  and  obtained  from  it  very  readily 
by  treatment  with  acids. 

+  A  small  quantity  of  this  substance  (a  fraction  of  a  gram)  was  obtained  by  Reyher 
{Dissert.,  Leipzig,  1891),  but  he  did  not  recognise  its  nature.  One  of  the  analyses 
quoted  is  taken  from  his  paper. 
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02062  gave  0-4140  COg  and  0-1234  H^. 
0-2045     „     0-4111  CO2     „    0-1232  H2O. 
0-3618     ,,     21-8  c.c.  moist  nitrogen  at  9°  and  757  mm. 
0-1944     „     13-0  c.c.      „  „         19°  and  739  mm. 

Found.  C  =  54-75  and  54-79;  H  =  6-65  and  6-69;  N  =  7-05  and 
7-44.     CaH^gOg-NOg  requires  C  =  54-29  ;  H  =  653  ;  N  -  704  per  cent. 

Careful  experiments  were  made  to  obtain  an  oxime  derivative  but 
with  a  negative  result,  so  that  the  compound  is  not  a  ketone. 

Attempts  were  made  to  produce  this  nitro-derivative  without  warm- 
ing ;  laui'onolic  acid  is,  however,  not  acted  on  in  the  cold  even  by 
fuming  nitric  acid,  when  in  acetic  acid  solution,  and  consequently, 
owing  to  oxidation,  the  yield  of  nitrocampholactone  is  not  large. 
Generally,  the  amount  of  crude  nitro-compound  only  amounts  to  about 
one-third  of  the  weight  of  the  lauronolic  acid  used.  Nitrocampholac- 
tone can,  however,  be  best  prepared  by  the  action  of  nitrogen  peroxide 
on  lauronolic  acid. 


Action  of  Nitrogen  Peroxide  on  Lauronolic   Acid. 

Behal  and  Blaise  (Compt.  rend.,  1895,  121,  238)  have  shown  that 
campholenic  acid  absorbs  nitrogen  peroxide,  forming  a  somewhat 
unstable  blue  compound  which  they  called  "  cerulteonitrosodihydro- 
campholenoactone,"  and  this,  by  the  further  action  of  nitrogen 
peroxide,  yields  the  colourless  nitro-derivative.  Tiemann  subse- 
quently {Ber.,  1897,  30,  412)  prepared  the  same  compound  by  the 
action  of  nitric  acid  on  campholenic  acid.  All  three  observers  are 
agreed  as  to  the  nature  of  this  substance,  and  of  the  error  of  Kachler 
and  Spitzer,  who  obtained  it  previously  and  called  it  nitrocampholenic 
acid. 

Lauronolic  acid  appears  to  behave  in  every  way  like  campholenic 
acid  ;  in  fact,  nitrocampholactone  can  be  more  ^conveniently  prepared 
by  the  action  of  nitrogen  peroxide  on  lauronolic  acid  than  by  the 
action  of  nitric  acid.  A  few  grams  of  lauronolic  acid  in  a  shallow  layer 
in  a  flat-bottomed  evaporating  basin  are  exposed  to  the  fumes  of  nitric 
peroxide,  obtained  by  heating  lead  nitrate,  and  passed  over  the  acid  by 
means  of  an  inverted  funnel ;  the  fumes  ai-e  rapidly  absorbed  and  the 
liquid  becomes  dark  greenish-blue.  After  a  time,  oxidation  takes  place, 
the  liquid  becomes  warm  and  rapidly  loses  its  colour,  and  on  cooling 
solidifies  to  an  indistinct,  crystalline  mass,  which,  however,  still  has  a 
greenish  tint.  The  solid,  after  being  exposed  to  the  air  for  some  time, 
and  finally  dried  in  a  vacuum  over  quicklime  to  get  rid  of  the  excess  of 
acid,  is  spread  on  a  porous  plate  and  the  dried  mass  recrystallised 
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from  absolute  alcohol.     The  uitrolactone  thus  prepared  is  identical 
with  the  product  obtained  by  the  action  of  nitric  acid. 

The  nitroso-derivative  prepared  in  the  above  way  was  not  directly 
isolated  ;  a  better  method  is  described  in  detail  below. 


Action  of  Nitric  Acid  on  Camjyholactone. 

When  campholactoue  is  treated  with  concentrated  nitric  acid,  no 
action  takes  place  in  the  cold,  but  on  warming,  a  violent  oxidation 
takes  place,  and  on  cooling,  a  certain  quantity  of  nitrocampholactone 
separates.  The  yield  obtained,  however,  is  considerably  smaller  than 
that  obtained  by  the  action  of  nitric  acid  on  lauronolic  acid. 


Reduction  of  the  Nitrolactone  hy  Zinc  Dust  and  Glacial  Acetic  Acid. 
Hydroxylaminolac  tone. 

Nitrocampholactone,  dissolved  in  about  ten  times  its  weight  of 
glacial  acetic  acid,  is  cooled  by  ice  cold  water,  and  zinc  dust  added  in 
small  quantities  at  a  time  ;  as  soon  as  the  further  addition  of  zinc  dust 
causes  no  very  appreciable  rise  in  temperature,  the  action  is  complete. 
The  solution  is  filtered  from  the  excess  of  zinc  dust  and  zinc  acetate, 
the  residue  washed  with  as  small  a  quantity  of  water  as  possible,  and 
the  filtrate  and  washings  made  strongly  alkaline  by  concentrated 
solution  of  caustic  soda,  the  temperature  being  kept  low  meanwhile  by 
cooling  with  ice ;  the  turbid  liquid  is  then  extracted  about  six  times 
with  ether.  On  distilling  off  the  ether,  a  syrup  is  left,  which  very 
rapidly  solidifies  to  a  crystalline  mass  of  bluish-green  tinge;  as  the 
product  is  readily  soluble  in  hot  water,  it  can  easily  be  separated  from 
the  small  quantity  of  nitrosolactone  which  is  formed  at  the  same 
time,  and  is  described  in  greater  detail  below.  From  the  hot  aqueous 
solution  thus  obtained,the  substance  separates  in  characteristic,  twinned, 
quadratic  prisms  ;  these  are  but  slightly  soluble  in  light  petroleum,  but 
readily  in  ether,  and  can  be  conveniently  recrystallised  by  dissolving  in 
the  latter  and  precipitating  by  the  addition  of  light  petroleum.  When 
finally  recrystallised  from  absolute  ether,  they  melt  sharply  at  148°. 

0-2075  gave  0-4468  CO,  and  0-1570  H^O.     0  =  58-38;  H  =  8-ll. 
0-1976     „     13-1  c.c.  moist  nitrogen  at  15°  and  730  mm.  N  =  7-51. 
0-2038     „     14-2  c.c      „  „         -19°    „    740  mm.  N  =  7-82. 

CgHigOa'NH-OH  requires  0  =  58-47  ;  H  =  8-40  ;  N  =  7-45  per  cent. 

This  compound,  from  the  results  of  the  analysis,  appears  to  be  the 
hydroxylamino-dLeviysitive.  It  is  not  of  very  basic  character,  and  does 
not  give  a  precipitate  when  gaseous  hydrogen  chloride  is  passed  into  its 
ethereal  solution.    Furthermore,  it  reduces  ammoniacal  silver  nitrate 
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almost  immediatehj  in  the  cold  and  also  Fehling's  solution,  and  is 
oxidised  by  ferric  chloride. 

This  production  of  a  hydroxy lamine  is  noteworthy.  Bamberger 
{Ber.  1894,  27,  1347  and  1548)  shows  that  nitrobenzene  is  capable  of 
being  reduced  by  means  of  zinc  dust  in  water,  and  Wohl  [ibid.,  1432) 
obtained  a  similar  result ;  Bamberger  finds,  however,  that  phenyl- 
hydroxylamine  is  very  unstable  in  presence  of  acids  and  also  when 
boiled  with  water.  Gattermann  {Ber.,  1893,  26,  1844  and  2810, 
also  1894,  27,  1927)  shows  that  various  aromatic  nitro-derivatives,  on 
reduction  by  electrolytic  hydrogen,  yield  amidohydroxy-derivatives, 
the  hydroxylamine  derivatives  apparently  being  produced  in  the  first 
instance,  and  changing  in  the  presence  of  acids  into  the  isomeric 
amidohydroxy-compounds.  The  product  obtained  by  the  reduction  of 
nitrocampholactone  by  the  method  described  above  was,  however, 
obtained  in  acid  solution,  and  is  so  stable  in  the  presence  of  water  that 
it  can  be  recrystallised  from  it. 

It  appears,  therefore,  that,  whereas,  on  the  one  hand,  lauronolic  acid, 
like  an  aromatic  derivative,  on  treatment  loith  nitric  acid  yields  a  nitro- 
derivative  with  the  greatest  ease,  this  nitro-derivative,  on  reduction,  yields 
a  hydroxylamino-compound  which  is  far  more  stable  than  a  similar 
compound  obtainable  from  a  benzene  derivative. 


Action   of  Ferric    Chloride   on   HydroxAjlaminocampholactone 
Nitrosocampholactone. 

It  has  been  mentioned  above  that  hydroxylaminocampholactone 
reduces  ferric  chloride  ;  by  this  means,  a  nitroso-derivative  can  be 
produced.  On  adding  ferric  chloride  in  excess  to  a  solution  of  the 
hydioxylamino-compound  in  water,  a  light,  bluish-green,  flocculent 
precipitate  is  formed  wh'ch  is  excessively  soluble  in  ether,  the 
precipitate  being  immediately  di^.solved  on  shaking  with  ether,  yielding 
a  dark  bluish-green  solution  ;  on  evaporating  the  ether,  the  nitroso- 
derivative  remains  behind  as  a  bluish-green,  indistinct,  crystalline  mass 
of  pungent,  camphor-like  odour.  It  is  excessively  soluble  in  ether, 
light  petroleum,  ethylic  and  methylic  alcohols,  and  most  organic 
solvents,  and  for  this  reason  it  is  extremely  difficult  to  purify  it.  It 
can  be  prepared  directly  from  the  nitro-derivative  without  the 
isolation  of  the  intermediate  hydroxylamino-derivative ;  for  this 
purpose,  the  nitro-derivative  is  reduced  by  means  of  glacial  acetic  acid 
and  zinc  dust  in  the  manner  above  described  and  the  zinc  acetate  and 
zinc  dust  filtered  off ;  water  is  then  added,  and  any  unchanged  nitro- 
derivative  which  may  be  precipitated  is  filtered  off.  To  the  filtrate, 
ferric  chloride  is  directly  added,  the  precipitated  nitroso-compound 
extracted  with  ether,  and  the  ether  evaporated,  when  the  nitroso-deriva- 
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tive  remains  behind  in  acetic  acid  solution  ;  on  adding  water,  the  nitroso- 
derivative  sepai-ates  as  an  oil  which,  on  standing  in  a  desiccator, 
solidifies  almost  entirely.  The  bright  green,  crystalline  plates  thus 
obtained,  when  dried  on  a  porous  plate  to  separate  them  from  a  small 
amount  of  impm^ity,  melt  fairly  sharply  at  1 1 7°.  The  specimen  used  for 
analysis  was  recrystallised  from  methylic  alcohol. 

0-2096  gave  13-5  c.c.  moist  nitrogen  at  9°  and  748-3  mm.      N  =  7-71. 
CgHjgOg'NO  requires  N'  =  7-65  per  cent. 

The  substance  analysed,  although  crystalline,  was  somewhat 
resinous  to  the  touch,  and  probably  the  melting  point  given  is  not 
absolutely  correct,  owing  to  the  difficulty  of  purifying  comparatively 
small  quantities.  The  nitroso-derivative,  with  phenol  and  con- 
centrated sulphuric  acid,  gave  a  dark  green  solution,  becoming  pink  on 
diluting  with  water  and  giving  a  transient  green  coloration  on  the  ad- 
dition of  caustic  potash  (Liebermann's  reaction  for  nitroso-compounds). 
There  is  no  doubt,  therefore,  as  to  the  chemical  nature  of  the  compound . 

Reduction  of  Nitrocampholactone  hy  Tin  and  Hydrochloric  Acid. 
AminocampJiolactone. 

The  amino-derivative  is   obtained  by  reducing  the  nitro-derivative 
with  tin  and  hydrochloric  acid  ;  for  this   purpose,  it   is   suspended   in 
strong  hydrochloric  acid  and  granulated  tin  added,  when  the  solution 
becomes   warm,  and   the   solid   nitro-dei-ivative   gradually  disappear.^, 
giving  rise  to  a  dark  green  solution  ;  on  further  action  of  the  nascent 
hydrogen,  the  solution  loses  its  colour,  finally  becoming   light  yellow. 
The   nitroso-compound  appears   to  be  formed  as  an  intermediate  pro- 
duct;  the  course  of  the  reaction,  therefore,  can  be  readily  followed. 
When   the   reduction  is  complete,  a  concentrated  solution  of  caustic 
soda  is  added  to  the  cooled  acid  liquid  until   the   mixture  is  strongly 
alkaline,  and  the  turbid  liquid  is  then  extx'acted  six  or  seven  times 
with  ether  ;  on  evaporating  the  ether,  the  aminolactone  is  left.     If 
the  pure  nitro-compound  had  been  used   and   the  operation  carefully 
carried  out,  the  amino-derivative  solidifies  in  a   very  short  time  to  a 
mass  of  hard  crystals,  which,  after  a  couple  of  recrystallisations  from 
water,  are  quite  pure.     As  a  general  rule,  however,  the  amino-deriva- 
tive is  obtained  as  an  oil  which  only  partially  solidifies,  even  after 
standing  for  some  days  in  a  vacuum  ;  in  this  case,  it  is  best  purified  by 
dissolving  the  dried  substance  in  absolute  ether,  and  precipitating  as 
hydrochloride  by  dry  hydrogen  chloride.     The  salt  then  separates  as  a 
snow-white,    crystalline  mass  which    is   very  soluble   in    water ;  the 
yield  of  hydrochloride  from  the  nitro-compound  is  a  little  more  than 
75  per  cent,  of  the   theoretical.     To  obtain  the  free  base,  the  hydro- 
chloride is  dissolved  in  a  small  quantity  of  water,  and  the  solution  put 
into  a  separating  funnel  under  ether ;   potassium  carbonate  is  then 
VOL.  LXXIII.  P  P 
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added  drop  by  drop  in  strong  solution,  and  the  free  base  immediately 
extracted  with  ether  after  each  addition  of  alkali.  On  evaporating 
the  ether  under  diminished  pressure,  the  base  is  left  as  a  snow-white, 
crystalline  mass  readily  soluble  in  ether  and  water,  but  only  slightly 
in  light  petroleum.  For  analy.sis,  it  was  twice  recrystallised  from  hot 
water,  from  which  it  separates  in  large,  pearly  plates  melting  at  39°  ; 
these  plates,  however,  contain  a  considerable  quantity  of  water,  but 
on  drying  in  a  vacuum  they  effloresce  and  give  up  water,  the  dried 
crystals  melting  at  66°. 

0-2014  gave  lid  c.c.  moist  nitrogen  at  21°  and  740  mm.     N  =  8-35. 
01370     „     0-3230  COg  and  0-1130  HgO.     0  =  64-28;  H-9-16. 
CVHi.O^-NHg  requires  C  =  63-90  ;  H  =  8-88  ;  N  =  8-28  per  cent. 

The  Iiydrochlwide  precipitated  from  its  ethereal  solution  as  above 
described  is  dissolved  in  water,  and,  if  necessary,  decolorised  by  boiling 
with  animal  charcoal ;  on  filtering  and  evaporating,  the  hydrochloride 
separates  in  white,  silky  needles,  which  are  dried  on  blotting-paper 
and  then  in  vacuum,  and  finally  purified  by  dissolving  in  absolute 
alcohol  and  slowly  precipitating  from  the  alcoholic  solution  by  ether. 
They  are  thus  obtained  in  small,  white  prisms  which  decompose 
without  melting  above  200°. 

02312  gram  requires  11-6  c.c.  AgNOg  solution,  of  which  1  c.c.  = 
0-00348  gram  Ag.     01  =  17-46. 

OgHigOg-NHg.HOl  requires  01=  17-76  per  cent. 

Platinochloride. — On  adding  platinum  tetrachloride  in  strong  solu- 
tion to  a  concentrated  solution  of  the  hydrochloride,  the  platino- 
chloride separates  in  glistening,  golden-yellow  needles,  hut  only 
after  standing  for  some  time,  as  it  is  very  soluble  in  water.  The 
crystals,  after  being  drained,  are  dried  on  a  porous  plate,  and  finally 
purified  by  dissolving  in  absolute  alcohol  and  precipitating  from  the 
alcoholic  solution  by  ether.  The  salt  is  thus  obtained  in  pale,  golden- 
yellow  spangles  which  decompose  without  melting  above  200°.  An 
analysis  shows  that  they  are  the  platinochloride,  not  of  the  amino- 
lactone  itself,  but  of  the  corresponding  aminohydroxy-acid. 

0-3421  gave  0-0850  Pt.     Pt  =  24'84, 
0-6432     „     0-1587  Pt.     Pt  =  24-67. 

(C9Hj503-NH2)2,H2PtC]6  rcquiros  Pt  =  24-90  per  cent. 

(CoHi302-NH2)2,H2PtOl6       „         Pt  =  26-1 

Action  of  Potassium  Nitrite  on  the  Hydrochloride  of  the  Amine. 

On  treating  a  strong,  ice  cold  solution  of  the  hydrochloride  of  the 
amine  with  potas.sium  nitrite,  the  nitrite  of  the  base  separates.  This, 
however,  is  very  unstable,  and  decomposes  on  warming  gently  with 
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water  giving  two  products ;  an  oil  separates,  but  on  adding  caustic 
soda  a  part  of  this  dissolves,  and  on  extracting  the  alkaline  solu- 
tion with  ether  a  neutral  oil  is  obtained  with  characteristic,  sweet, 
peppermint-like  odour.  On  acidifying  the  residual  alkaline  solution, 
and  extracting  again  with  ether,  a  substance  is  obtained  which  solidifies 
in  part  on  standing  ;  the  solid  crystals  thus  obtained,  after  being 
dried  on  a  porous  place,  are  readily  soluble  in  ether,  but  not  in  light 
petroleum,  and  can,  therefore,  be  purified  by  dissolving  in  the  former 
solvent  and  precipitating  the  solution  by  the  latter.  They  then  melt 
at  118°. 

The  best  conditions  for  carrying  out  this  reaction  have  not  yet  been 
obtained. 

These  compounds  must  be  reserved  for  future  investigation.  Tiemann 
(Ber.,  1897,  30,  414)  has  shown  that  aminodihydrocampholenolactone, 
by  a  similar  reaction,  yields  hydroxy dihydrocampholenolactone  and 
a  campholenolactone,  whilst  Angeli  (Ber.,  1893,  26,  1718)  obtained 
camphenone  from  aminocampholenolactone.  Probably  an  analogous 
reaction  here  takes  place,  the  elements  of  water  being  removed  at  the 
same  time  that  the  amino-group  is  replaced  by  the  hydroxy-gi'oup. 

Conclusions. 

The  reactions  described  above  may  be  schematically  represented  as 
follows. 

Lauronolic  acid 
lilO,_^ ^ ^ —      IINO 


Nitrosocampholactone     further  action  of  NO^     Nitrocampholactone 


1.  p.  117° 


%v^ 


C^^' 


J^^3 


Hydroxy  lamino- 

campholactone 

m.  p.  148° 


m.  p.  17r 


Aminocampholactone 
m.  p.  66° 

W 

O 

to 

Hydroxycampholactone 

m.  p.  118° 
and  another  substance. 


Piloty  has  recently  (5e/.,  1898,  31,  219)  been  investigating  aliphatic 
nitroso-derivatives,  and  he  concludes  from  a  large  number  of  examples 
that  true  nitroso-derivatives  are  only  obtained  with  ease  from  those 

p  P  2 
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hydroxylamino-compounds  in  which  the  -NH'OH  group  is  attached 
to  a  tertiary  carbon  atom.  This  conclusion  has  such  an  important 
bearing  on  the  above  work  that  it  seems  worth  while  to  give  Piloty's 
own  words.     Speaking  of  the  nitroso-derivatives,  he  writes. 

"  Alle  diese  Substanzen  haben  das  gemeinsame  Merkmal  das  sie  die 
Stickoxylgruppe  an  KohlenstofE  gebunden  erhalten  der  keinen  Wasser- 
stofE  mehr  besitzen.  Wohl  {Ber.,  1894,  27,  1435),  und  Bamberger 
{ibid.,     1537)    fanden    gleichzeitig    das     Phenylhydroxylamin    durch 

Oxydationsmittel  in  Nitrosobenzol  verwandelt  werden  kann 

Aus  der  Gesammtheit  dieser  Thatsachen  muss  der  Schluss  gezogen 
werden  dass  eiiie  ausgesprochene  Neigung  zur  Bildung  wahrer  Nitroso- 
verhindungen  nur  den  Korpern  eigen  ist  welche  den  Stickstoff  an  ein  in 
Uebrigen  tertkir  gebundenes  Kohlenstoffatovi  gekuppelt  erhalten.^' 

Now  the  formulae  for  camphoric  acid  most  in  accordance  with  the 
known  constitution  of  camphoronic  acid  are  those  of  Bredt  and 
W.  H.  Perkin,  junr.,  namely, 

CHg  CH3  CH3  CH3 

\/  X/ 

c  c 


^^^^     CH.CH,  ''^^^  ^^3    6h,CH-C00H. 

These  can  give  rise  to  the  following  lauronolic  acids, 

CH3      CH3  CH3      CH, 

C  C 

and  the  following  nitrosolactones, 

CHo  ^Hg  ^Hg  ^Hg  ^Hg  CH3 

\/  \/  \/ 

/~^~\  /~^~\  and  /"^"\ 

CH„-C-CO-0-C  CH.-O.p        CH,  CH,-C.p        CH-NO 

CH2 CH-NO  NO-CH CH  CH2 CH 

The  nitroso-group  must  in  each  case  be  attached  to  the  carbon  next 
to  the  lactone  hydroxyl  group,  owing  to  the  formation  of  the  nitroso- 
lactone  by  direct  addition  of  NO.2  to  the  unsaturated  laui'onolic  acid. 

In  none  of  the  above  cases  is  the  nitroso-group  attached  to  a  tertiary 
carbon  atom.  Hence,  if  Piloty's  generalisation  is  universally  ap- 
plicable, neither  the  Bredt  nor  the  Perkin  formula  can  represent  the 
true  constitution  of  camphoric  acid. 
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Apart  from  this  question,  it|c.an  readily  be  seen  from  the  above 
formulpe  that,  by  replacing  the  nitio-group  by  the  hydroxy-group,  we 
can  obtain  a  product  capable  of  undergoing  vaiious  reactions  at  com- 
paratively low  temperatures  which  might  throw  much  light  on  the 
constitution  of  camphoric  acid..  The  investigation  of  the  product 
thus  obtained  would,  however,  entail  the  use  of  very  large  quantities 
of  camphoric  acid,  and  could  hardly  be  undertaken  single-handed 
under  the  conditions  of  ordinary  laboratory  work. 

The  greater  part  of  the  above  work  was  carried  out  at  University 
College,  Liverpool,  during  my  tenure  of  a  demonstratorship  of  that 
Institution,  and  it  was  completed  at  the  Royal  College  of  Science, 
London.  The  expenses  were  partly  defrayed  by  two  grants  (in  1894 
and  1895)  from  the  Government  funds  at  the  disposal  of  the  Royal 
Society,  and  to  the  Committees  charged  with  the  distribution  my  best 
thanks  are  due. 

Addendum. 

In  the  Proceedings,  1898,  page  111,  there  is  a  communication  from 
Messrs.  R.  W.  Collinson  and  W.  H.  Perkin  on  lauronolic  acid,  in 
which  they  state  that,  on  oxidising  the  latter,  an  acid  of  the  formula 
CyH-^^Oj  is  formed.  Although  this  result  is  apparently  not  in  harmony 
with  those  I  have  obtained,  the  contradiction  seems  to  me  to  be 
more  apparent  than  real,  for  it  is  known  that  unsaturated  acids  can  be 
oxidised  in  stages  by  treatment  with  permanganate  solution,  and  the 
acid  they  obtained  is  doubtless  an  intermediate  product  of  oxidation. 


LIX. — Studies  of  the   Terpenes  and  Allied  Compounds. 
Stei^eoisomeric  Derivatives  of  Camphor. 

By  T.  Martin  Lowry,  B.Sc. 

Whatever  the  ultimate  structure  of  the  camphor  molecule  may  be, 
there  can  be  no  doubt  as  to  the  presence  in  it  of  the  group  -CHg'  CO-, 
and    the   constitutional    formula    may    therefore    be    written    in    an 

ntr 
abbreviated  form  as   CgH^^<C[  I     ^.     When  one  of  the  hydrogen  atoms 

CO 

of  this  group  is  displaced  by  another  radicle,  the  carbon  atom  to  which 
this  is  attached  becomes  asymmetric  :  consequently,  two  forms  of  mono- 
substitution  derivatives  may  be  prodviced  by  displacing  one  or  other  of 
the  hydrogen  atoms ;  and  as  the  camphor  molecule  is  itself  optically 
active  and  therefore   asymmetric,   these  two   forms   will  not  be  mere 
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optical  isomerides,  differing  only  in  the  sense  in  which  they  rotate  the 
plane  of  polarisation,  but  will  be  stereoisomerides  differing  also  from 
one  another  in  their  other  i)hysical  properties. 

If  the  conclusion  arrived  at  by  Aschan  be  accepted,  that  camphoric 
acid  contains  two  asymmetric  cai-bon  atoms,  it  is  probable  that  the 
camphor  molecule  also  contains  two  such  atoms.  Dextrocamphor  will 
correspond  to  a  c/s-camphoric  acid,  and  may  be  represented  by  the 
symbol  ±  .  We  may  then  represent  the  two  products  obtained  by 
displacement  of  the  two  hydrogen  atoms  of  the  -CHg*  CO-  group  by  the 
symbols  ±  +  and  ±  -  .  In  order  to  distinguish  between  the  positions 
occupied  by  the  two  hydrogen  atoms  of  the  -CH2*  CO-  group,  we  may 
represent  the  position  occupied  by  the  bromine  atom  of  ordinary 
monobromocami^hor  as  the  "  a  "-position,  and  in  order  to  recall 
the  increased  dextrorotation  produced  by  the  displacement  of  this 
hydrogen  atom,  we  may  choose  the  symbol  ±  -|-  for  all  a-substitution 
products.  The  stei-eoisomeride  produced  by  the  displacement  of  the 
other  hydrogen  atom  will  then  be  represented  by  the  symbol  +  -  ,  and 
the  position  occupied  by  the  substituting  radicle  may  be  distinguished 
as  the  "  a  "-position.  The  two  forms  may  be  represented  by 
structural  formulfe,  thus. 

8    i^^co  ^    ^*     CO 

o-Bromocamjihor,  ±  + .  a'-Bromocamplior,  ±  - . 

In  addition  to  the  two  "  a  "-positions,  there  appear  to  be  only  two 
other  positions  in  the  camphor  molecule  in  which  substitution  takes 
place.  One  of  these  is  the  position  occupied  by  the  second  bromine 
atom  in  /8a-dibromocamphor  melting  at  113°,  and  will  be  referred  to 
throughout  this  paper  as  the  "  ^  "-position  ;  its  location  in  the  mole- 
cule is  not  definitely  known,  but  the  readiness  with  which  the  halogen 
is  displaced  seems  to  point  to  a  tertiary  position,  such  as  is  shown  in 
Bredt's  formula  adjacent  to  the  -CHg-  CO-  group.  The  other  position 
is  that  in  which  sulphonation  takes  place  under  the  influence  of 
sulphuric  anliydride,  and  is  known  as  the  7r-position. 

Stereoisomerism  occurs,  not  only  in  the  case  of  the  mono-derivatives, 
but  also  in  the  case  of  the  di-derivatives  if  the  two  hydrogen  atoms  of 
the -CH2- CO- group  are  displaced  by  different  radicles.  Thus  two 
forms — an  aa  and  an  a'a — are  possible  of  chlorobromocamphor,  as 
represented  by  the  formula? 

'C'l  Br 

^^^'^^60^^'         ''"'^  C,H,,<V<G1. 

As  the  conditions  satisfied   in   the  case   of   stereoisomeric  camphor 
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derivatives  also  involve  tho  iutvoduction  of  a  third  asymmetric  carbon 
atom  into  the  molecule,  it  may  be  anticipated  that,  in  most  cases,  a 
marked  change  in  rotatory  power  will  occur,  and  that  this  is  so  may 
be  seen  from  a  number  of  examples,  thus  : 

Camphor  [aju  =     +  42°  (in  spirit). 

a-bromocamphor ["]d=  +  135°  (spirit). 

a-chlorocamphor  [«]d=     +  96°  (spirit). 

a-chlor-a'-bromocamphor [a]D=     +10°  (chloroform). 

a'-uitrocamphor   [a]D=  -  124°  (benzene). 

But  when  substitution  does  not  produce  stereoisomerism,  and  con- 
sequently no  new  asymmetric  cai'bon  atom  is  introduced,  the  change 
in  specific  rotatory  power  is  much  smaller,  thus  : 

Camphor    ['*]d=  +42°  (spirit). 

aa'-dibromocamphor [«-]d=  +39 "2°  (benzene). 

aa'-dichlorocamphor [a]^  =  +  57*3°  (spirit). 

Further,  it  is  to  be  anticipated  that  the  two  stereoisomerides,  repre- 
sented by  the  symbols  +  +  and  ±  - ,  will  have  specific  rotatory  powers 
differing  in  opposite  senses,  although  not  necessarily  to  the  same  extent, 
from  that  of  allied  compounds  in  which  the  a-carbon  atom  is  not 
asymmetric.  Thus,  on  account  of  the  high  dextrorotatory  power  of 
a-bromocamphor  and  a-chlorocamphor,  we  may  expect  that  the  rotatory 
power  of  a'-bromocamphor  and  a'-chlorocamphor  will  be  considerably 
lower  than  that  of  camphor.  An  example  is  found  in  the  case  of  the 
bromochlorocaraphors  described  in  this  paper,  where  we  have 

a-chlor-a'-bromocamphor  [a]D=10° 

a-brom-a'-chlorocamphor   [ a]D^64°, 

whilst  camphor,  dibromocamphor,  and  dichlorocamphor  show  an  inter- 
mediate rotatory  power. 

The  similarity  or  dissimilarity  of  two  stereoisomerides  will  depend 
on  that  of  the  radicles  occupying  the  a-  and  a'-positions.  Thus  the 
difference  will  be  much  more  marked  where  these  are  H  and  Br,  or 
H  and  NO.,,  or  Br  and  NOo,  than  when  both  are  halogens,  and  it  has 
already  been  pointed  out  that  when  both  radicles  are  identical  the 
isomerism  disappears.  In  the  cases  described  in  this  paper,  where  the 
isomei-ism  is  produced  by  the  interchange  of  chlorine  and  bromine 
atoms,  it  has  been  found  that  the  isomerides  are  extremely  similar,  and 
crystallise  together  as  isomorphous  mixtures  which  behave  in  many 
i-espects  as  single  substances. 

The  stability  of  the  two  isomeric  forms  varies  in  a  very  marked  way, 
according  as  one  or  both  of  the  a-hydrogen  atoms  are  displaced,  the 
latter   class    of   compounds   being  far  more  stable  than  the  former. 
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Beckmann  has  suggested  (Annalen,  1889,  250,  365)  that,  in  the  case  of 
the  menthones,  the  stereoisomeric  change  is  brought  about  by  means 
of  an  intermediate  '  enolic  '  form,  and  this  suggestion  has  been  applied 
by  Marsh  (Trans.,  1890,  57,  832)  to  expkin  the  instability  of  the 
second  form  of  monobromocamphor.  The  change  may  be  represented 
thus. 

CJI,,<S<Il     _     CsH,Xm^''       _     CgHi,<9^Br. 

a'-Bromocamphor.     Bromocamphenol.     o-Bromocamphor. 

When  both  of  the  hydrogen  atoms  are  displaced,  an  enolic  form  is 
no  longer  possible,  so  that  the  observed  stability  of  the  di-derivatives 
is  in  accordance  with  this  theory. 

In  all  cases  in  which  a  halogen  disjilaces  one  of  the  a-hydrogen 
atoms,  it  is  probable  that  both  stereoisomerides  are  initially  produced, 
and  that  when  only  one  isomeride  is  obtained  the  non-appearance  of  a 
second  is  to  be  explained  by  its  instability  under  the  conditions  of 
experiment.  The  production  of  stereoisomeric  di-derivatives  is  most 
readily  explained  by  supposing  that  the  action  of  the  halogen  involves 
addition  to  the  enolic  form  of  the  mono-derivative  :  its  two  different 
products  would  then  be  formed  according  as  the  double  bond  were 
broken  on  one  side  or  on  the  other,  and  on  subsequent  removal  of 
hydi'ogen  bromide  two  forms  of  the  di-derivative  would  be  generated. 
The  action  of  bromine  on  chlorocamphor,  where  both  stereoisomerides 
are  produced,  may  be  represented  by  formulfe  thus : 

P   "^^  Br 

y^s"-ii\\^   ^Br  '^s'^H^cO 

fi  XT    ^  I  ^(jl  r*  TT    <■    I  '  / 

'-8^14\CO        ~*  '"8"i4\c-OH\  ^Cl  CI 

^  PTT  /  I  ^^^'  f  <  TT   ^V^Br 

^<Br 

The  production  of  two  stereoisomerides  when  chlorine  or  bromine 
acts  on  mono-derivatives  of  camphor  affords  evidence  that  the  halogen 
does  not  act  by  directly  displacing  hydrogen,  but  in  some  such  way  as 
that  already  indicated ;  it  is  also  probable  that  in  the  majority  of  its 
interactions  camphor  enters  first  into  combination,  in  its  enolic  form, 
with  the  agent,  and  that  the  elements  of  water,  hydrogen  chloride,  <kc., 
are  subsequently  eliminated  from  the  additive  compound  thus  produced. 

The  number  of  cases  in  which  stereoisomeric  derivatives  of  camphor 
have  been  obtained  is  very  small,  and  in  almost  every  instance  the 
substances  have  been  exceedingly  badly  character i.sed.  The  a-chloro- 
camphor  which  Cazeneuve  obtained  by  passing  chlorine  into  an  alcoholic 
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solution  of  camphor  {Bidl.  Soc.  Ch'nu.,  [ii],  1882,  38, 9,  and  1883, 39,  501) 
is  a  well  crystallised  compound  melting  sharply  and  constantly  at 
93°,  [a]D  =  96°  (spirit),  but  the  substance  which  he  separated  from  the 
mother  liquors  of  the  a-compound  is  described  as  separating  from  its 
solution  in  arborescent  forms  (m.  p.  95 — 100°,  [a]u  =  57°),  and  no 
attempt  appears  to  have  been  made  to  obtain  it  in  definite  crystals  of 
constant  melting  point  and  specific  rotatory  power.  Although  it  is 
possible  that  this  product  contained  a'-chlorocamphor,  as  Cazeneuve 
supposed,  yet  the  production  of  a-chlorocamphor  by  the  action  of 
alcoholic  potash  and  the  low  specific  rotatory  power  can  both  be  ex- 
plained by  the  presence  of  camphor  and  dichlorocamphor  as  impurities. 
Apart  from  probabilities,  therefore,  the  actual  evidence  for  the  exist- 
ence of  an  a'-chlorocamphor  is  exceedingly  slight. 

By  brominating  camphor  in  a  similar  way,  Marsh  (Trans.,  1890, 
57,  828  ;  1891,  59,  968)  obtained  a  mixture  from  which  he  was  able  to 
separate,  in  addition  to  ordinary  a-bromocamphor  (m.  p.  76°  [a]o  =  135°), 
a  fraction  of  lower  specific  rotatory  power;  as  the  lowest  value  obtained 
([a]D  =  29-4°)  was  considerably  lower  than  is  given  either  by  camphor 
or  by  dibromocamphor,  it  is  evident  that  this  fraction  may  have  con- 
sisted largely  of  an  a'-bromocamphor.  But  the  description  of  the  pro- 
duct as  "  yellowish,  soft  and  of  a  camphorous  consistency  "  appears  to 
indicate  that  other  substances  were  present  as  impurities. 

The  bromocamphor  and  chlorocamphor  which  are  said  to  be  produced 
by  the  action  of  hypobromous  and  hypochlorous  acids  on  camphor 
appear  to  be  position  isomerides  of  the  ordinary  forms  and  not  stereo- 
isomerides. 

An  isomeric  nitrochlorocamphor  has  been  described  by  Cazeneuve 
{Bull.  Soc.  Chim.,  [ii],  1888,  49,  428),  and  by  Schiff  and  Puliti  {Ber., 
1883,  16,  888),  and  stereoisomerism  has  also  been  suggested  in  ex- 
planation of  the  isomerism  of  the  various  nitrocamphors  and  of  nitro- 
camphor  with  camphornitrophenol  (Lapworth  and  Kipping,  Trans., 
1896,  69,  306).  The  question  of  stereoisomeric  nitro-,  bromonitro-,  and 
chloronitro-camphors  will  be  discussed  in  a  subsequent  paper  on  nitro- 
camphor,  but  I  may  here  say  that  in  no  case  do  the  experiments  that 
I  have  made  on  these  substances  support  the  conclusion  that  we  are 
dealing  with  stereoisomerides. 

Two  indubitable  cases  of  stereoisomerism  are  considered  in  this 
paper.  In  each  of  the  cases  described,  the  two  hydrogen  atoms  of 
the  -CH2*C0-  group  are  displaced  by  chlorine  and  bromine  respec- 
tively, the  two  isomerides  only  differing  in  that  the  positions  of  the 
chlorine  and  bromine  atoms  are  interchanged.  They  are,  therefore, 
isomorphous  as  well  as  isomeric,  and  crystallise  together  in  magni- 
ficent crystals  which  are  very  easily  obtained  free  from  impurity.  The 
two  forms  can  be  approximately  separated  by  a  long  series  of  crystal- 
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lisations,  by  means  of  which  two  fractions  are  obtained  differing  widely 
in  rotatory  power,  but  not  greatly  in  other  respects.  In  this  way,  the 
aa-bromochlorocamphor  obtained  by  the  direct  action  of  bromine  on 
chlorocamphor  (Cazeneuvo,  Bxdl.  Soc.  Chivi.,  44,  118)  has  been  sepa- 
rated into  fractions  of  specific  rotatory  power  [u]d  =  64°  and  [a]D=  IS'^, 
that  of  the  initial  product  being  [a]D  =  51°.  A  mixture  of  the  same 
two  constituents  in  different  proportions  has  been  obtained  by  chlori- 
nating bromocamphor ;  the  initial  rotatory  power  of  this  was  [aj^  =  26° 
and  it  was  separated  into  fractions  giving  the  values  [a]D==28°  and 
[a]p=10°.  By  the  action  of  bromine  on  chlorocamphor  in  sealed 
tubes,  a  dibromochlorocamphor  has  been  obtained  from  which  the  less 
soluble  stereoisomeride  has  been  isolated  in  a  pure  state  with  a  con- 
stant specific  rotatory  power  [a]D  =  51°,  that  of  the  initial  product 
being  [a  ]y  =  44°,  It  is  also  shown  in  this  paper  that  aa-dibromocamphor, 
/8a-dibromocamphor,  and  /8a-bromochlorocamphor  ai'e  single  substances 
and  not  mixtures  of  stereoisomerides. 

The  constitution  of  a-bromocamphor  and  a-chlorocamphor  is  proved 
by  their  oxidation  to  camphoric  acid, 


CHBr 


CsHh< 


CHCl 
CO 


COOH 

^8^i4^COOH 

.COOH 


The  products  obtained  by  the  further  action  of  chlorine  and  bromine 
on  these  vary  greatly  according  to  the  conditions.  They  may  be  divided 
into  three  groups,  the  members  of  each  group  forming  an  isomorphous 
series  of  crystals,  and  showing  similar  physical  and  chemical  properties, 
as  is  seen  in  the  following  table. 


M.  r. 

60° 
55° 
58° 
90° 

113° 

98° 

81° 
64° 

54" 

[«>• 

Axial  Ratios. 

I.   Tlie  aa-sciies. 

aa-Dibromocamphor  

40° 
51° 
2G° 
57° 

100° 
70° 

44° 

1-5778:1  : 2-0685 

ao-lJromochlorocaiiiiilioi-    

1-5395:1  : 1-9144 

aa-Clilorolji'oinocaniiilior    

1-5338:1  : 1-9020 

aa-Dichlorocainphor  

1-4820:1  : 1-8358 

11.  The  )8o-series. 

/3a-Dibromocaniphor 

1-83      :l:r92 

/3a- 1  jromochlorocamphor    

111.    The  ;3aa-seriL'S. 

)3ao-Uibioiiiochlorocaniplior  

/Sao-Tribromocamplior   

1-4627:1:2-1332 

^aa-(?)-Tricbloiocainphor 

The  members  of  the  aa-series  are  for  the  most  part  prepared  by  the 
direct  action    of  chlorine  or  bromine,   whilst  those   of    the  ySa-   and 
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)Saa-series  can  only  be  obtained  by  the  action  of  bromine  in  sealed 
tubes. 

The  present  investigation  of  the  derivatives  of  camphor  containing 
halogen  was  undertaken  with  the  object  of  obtaining  data  which  might 
throw  light  on  the  constitution  of  these  substances,  and  more  especially 
on  the  nature  of  the  isomeric  change  which  occurs  when  the  bromination 
of  bromocamphor  and  chlorocamphor  is  carried  out  in  sealed  tubes.  It 
will  be  well,  therefore,  at  this  point,  to  state  what  data  are  available 
for  forming  an  opinion  as  to  the  constitution  of  these  substances. 

The  nitrobromocamphor  produced  by  the  action  of  nitric  acid  on 
a-bromocamphor  undoubtedly  has  the  constitution  represented  by  the 

formula  CgIIj^\  i      Br     as  it  is  converted  by  reduction  into  a'-nitro- 

camphor,  CgHj^\  l      H     ,  which  is  readily  oxidised  to  camphoric  acid, 

and  when  decomposed  by  heat  it  yields  camphorquinone,  CjjH^^*^  i    , 

losing  NOBr.  It  has  been  shown  by  Kachler  and  Spitzer  {Monatsh., 
1882,  3,  218,  and  1883,  4,  566)  that,  when  heated  with  nitric  acid,  /8a- 
dibromocamphor,like  a-bromocamphor,  yields  a  nitro-derivative,  and  that 
this,  on  reduction,  yields  an  a'-amidocamphor  identical  with  that  obtained 
by  reducing  a'-nitrocamphor ;  it  may,  therefore,  be  represented  by  the 

formula     CgHjgBr^  i      Br.       The  position   in  the  molecule  occupied 

by  the  "  /3  "-bromine  atom  has  not  yet  been  definitely  ascertained. 
aa-Di bromocamphor,  however,  does  not  yield  a  nitro-derivative,  but 
undergoes  oxidation  (Kachler  and  Spitzer,  Monatsh.,  1883,  4,  554  ; 
Forster,  Trans.,  1896,  69,  36).  The  simplest  explanation  of  the 
difference  in  the  behaviour  of  the  two  isomerides  is  to  be  found  in 
the  presence  in  the  aa-compound  of  a  bromine  atom  in  the  position 
in  which  nitrations  take  place,  so   that  its  formula  may  be  written 

C8Hj4<^  I    ^'^.     An  alternative  formula  has  been  suggested  by  Forster 

{loc.  cit.),  who,  in  order  to  explain  the  formation  of  dibromocampholid 

,,  .  ,  „  ^,  -CBr-CHBr 

and  its  derivatives,  assumes  the  existence  ot  the  group  _  i         i 

Without  discussing  the  constitution  of  the  camphor-molecule,  we 
may  write  this  formula  as  CgHi3Br<  i  ^H  and  regard  it  as  the 
stereoisomeric  form  of  the  )Sa-dibromocamphor  into  which  aa-dibromo- 
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camphor  is  converted  by  the  action  of  hydrogen  bromide.  If  such  a 
formula  be  adopted,  we  must  regard  the  stability  towards  nitric  acid 
which  distinguishes  aa-dibromocamphor  from  a-bromocamphor  and 
ySa-dibromocamphor  as  due  to  a  shielding  action  consequent  on  the 
configuration  of  the  molecule. 

It  is,  unfortunately,  not  possible  to  decide  between  the  formulae 

CsH,,<9^''2         and         C3H,3Br<9^^^ 

by  subjecting  aa-dibromocamphor  to  the  action  either  of  oxidising  or 
of  hydrolytic  agents  ;  the  former  are  practically  without  action  on  it, 
nitric  acid  alone  attacking  it  under  the  very  special  conditions  described 
by  Forstei",  and  then  in  such  a  way  as  to  throw  no  light  on  the  problem 
here  under  discussion  ;  and  any  attempt  to  hydrolyse  it  almost  invai'i- 
ably  leads  to  its  reduction  to  monobromocamphor.  On  this  account 
it  appeared  desirable  to  examine  chlorobromocamphor,  as  it  was  to  be 
expected  that  it  would  be  possible,  in  the  case  of  this  compound,  to 
study  separately  the  behaviour  of  each  of  the  halogen  atoms.  It  was 
ultimately  found  that  chlorobromocamphor,  whether  prepared  from 
a-chlorocamphor  or  from  a-bromocamphor,  was  an  isomorphous  mixture 
of  two  stereoisomerides,  both  of  which  gave  one  and  the  same  a-chloro- 
camphor on  reduction.  Moreover,  crystallographic  measurements 
showed  it  to  be  isomorphous  with  aa-dibromo-  and  aa-dichloro-camphor, 
and  hence  there  can  be  no  doubt  that  the  three  compounds  are 
represented  by  the  formulae 

C3H,<9^^  CsHh<V^^^  CsHh<V^^^. 

To  judge  from  the  manner  in  which  it  is  formed,  it  appears  probable 
that  tribromocamphor  has  its  three  bromine  atoms  in  the  aa'-  and 

/8-positions,  as  shown  by  the  formula  OgHj3Br<^  i      ~.     So  too  the 

dibromochlorocamphor  described  in  this  paper  must  be  regarded  as 

having   the   formula  CgH,3Br<^  i  ;    this   formula   is  [completely 

established  by  the  fact  that  the  substance  is  an  isomorphous  mixture 
of  two  isomerides,  which  is  both  proof  of  the  presence  of  the  group 

I      Br  in   the   molecule,   and    evidence   that   the    isomeric   change 
-CO 

brought  abouo  by  the  action  of  hydrogen  bromide  does  not  affect  the 

position  of  the  chlorine  atom. 

The  only  points  that  now  i-emain  to  be  ascertained  in  order  to  solve 

the  question  of  the  constitution  of  the  derivatives  of  camphor  contain- 
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ing  halogen,  are,  first,  the  location  of  the  /8-position  in  the  molecule,  and, 
secondly,  the  point  at  which  substitution  takes  place  when  camphor  is 
treated  with  hypobromous  and  hypochlorous  acids — if  indeed  isomerides 
of  the  ordinary  a-modification  are  produced  by  such  a  method.  It  is 
at  least  possible  that  these  two  positions  are  identical,  and  coincide 
with  the  position  occupied  by  the  tertiary  hydrogen  atom  in  Bredt's 
formula,  thus 

CHg-CBr-CH,  CH2-CBr-C0 

I         CMe,  I  or       I         CMe,  I 

I         I       2  I  or      I  I       2  I 

CH,-CMe-CO  CHg-CMe-CHo. 


Experimental. 
aa-Chlorohromocamphors* 

Preparation. — At  the  outset  of  the  inquiry,  my  attention  was  called 
by  Dr.  Armstrong  to  the  great  difference  between  the  bromochloro- 
camphor  obtained  by  merely  warming  a  mixture  of  a-chlorocamphor 
and  bromine  in  molecular  proportions,  and  the  chlorobromocamphor 
formed  by  passing  chlorine  into  fused  a-bromocamphor,  heated  on  a 
water  bath,  until  the  required  increase  in  weight  is  obtained  :  whereas 
the  former  crystallises  magnificently,  the  latter  is  most  difficult  to 
obtain  in  well-defined  forms.  Attempts  were  first  made  to  chlorinate 
bromocamphor  by  Dr.  Armstrong's  method,  but  in  each  of  the  five 
attempts  an  oil  was  obtained  which  did  not  crystallise  even  at  the  end 
of  several  months  ;  in  some  cases,  a  little  unchanged  monobromo- 
camphor  separated  from  the  oil,  but  nothing  further. 

A  crystalline  product  was,  however,  obtained  by  heating  a-bromo- 
camphor with  sulphuryl  chloride  (1  mol.)  in  sealed  tubes  at  about  130° 
during  6  hours.  After  draining  the  crystals  from  the  oil  and  crystallising 
twice  from  methylated  spirit,  the  substance  was  obtained  in  colourless 
crystals  melting  at  56°.  The  halogen  was  estimated  by  Carius's 
method, 

0-1553  gave  0-1945  silver  haloid.     Halogen  =  43-64. 
0-1015     „      0-1271  silver  haloid.     Halogen  =  43-63. 

CjoHj^ClBrO  requires  halogen  =  43  46  per  cent. 

The  substance  was  found  to  be  dextrorotatory,  [a]D  =  25-7°  in 
chloroform  solution. 

Fractionation. — As  the  melting  point  and  rotatory  power  were 
changed  by  recrystallisatios,  an  attempt  was  made  to  obtain  constant 

*  In  order  to  avoid  confusion,  the  name  '  chlorobromocamphor '  is  used  through- 
out this  paper  to  represent  'chlorinated  bromocamphor,'  and,  conversely,  the  name 
'  bromochlorocamphor '  is  used  for  a  'brominated  chlorocamphor. ' 
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values  to  compare  with  those  for  aa-bromochlorocamphor  prepared  by 
the  action  of  bromine  on  chlorocamphor.  For  this  purpose,  a  fresh 
quantity  of  the  substance  was  prepared,  and  after  being  crystallised 
twice  from  spirit,  was  then  submitted  to  a  long  series  of  crystallisa- 
tions, without,  however,  reaching  a  point  at  which  the  rotatory  power 
remained  constant.     Thus,  it  was  found  that 

After  5  crystallisations  [a]D  =  2r7° 
„       7  „  [a]„  =  19-7° 

„      15  „  [a]i,  =  ll-6° 

„     24  „  [a]o=^10-3° 

Six  different  solvents  were  used  for  the  fractionation,  aud  in  deter- 
mining the  specific  rotatory  power  a  10  per  cent,  chloroform  solution* 
was  used  throughout,  and  the  temperature  kept  as  nearly  as  possible 
at  20^,  in  order  to  secure  uniform  conditions.  Although  a  constant 
value  for  [ajo  was  not  obtained,  the  change  was  very  slow  towards 
the  end  of  the  fractionation,  and  it  is  probable  that  the  minimum 
value  is  not  much  below  [a]D=10°. 

No  attempt  was  made  to  obtain  a  corresponding  maximum  value 
for  [aju,  but  a  fraction  of  higher  rotatory  power  was  obtained  from 
the  mother  liquors  of  the  fractionation  for  which  [a]D  =  28"3°  (10  per 
cent,  chloroform,  15°). 

The  initial  rotatory  power  of  the  substance  is  fairly  constant.  Three 
separate  preparations,  when  crystallised  twice  from  spirit,  gave 

(1)  [a]D  =  25-7°  (6-42  per  cent.  CHCI3,  2P). 

(2)  [a]D  =  26-2   (10  „        CHCI3,  16°). 

(3)  [a]D  =  25-9   (9-16        „         CHCI3,  25°). 

The  melting  point  is  much  less  sharply  defined,  and  until  the  sub- 
stance has  been  crystallised  a  large  number  of  times,  it  is  neither 
sharp  nor  constant,  and  it  was  noticed  that  a  higher  value  was  obtained 
when  the  substance  had  been  crystallised  from  chloroform  than  from 
other  solvents.  It  melted  initially  at  55°,  after  one  crystallisation  from 
chloroform  at  58°,  and  after  24  crystallisations  both  sharply  and  con- 
stantly at  61°.  The  change  of  melting  point  is  therefore  much  less 
marked  than  that  of  specific  rotatory  power,  and  amounts  to  only  3° 
for  20  crystallisations. 

A  check  analysis  of  the  least  soluble  fraction  showed  that  it  had  the 
normal  composition  of  a  chlorobromocamphor. 

0-1017  gave  0-1264  silver  haloid.     Halogen  =  43-33. 

CjijHj^ClBrO  requires  halogen  =  4346  per  cent. 

•  Throughout  this  paper,  the  phrase  "10  per  cent,  chloroform"  is  used  as  an 
abbreviation  for  'a  solution  in  chloroform  containing  10  grams  in  100  c.c' 
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Crystallography . — The  substance  was  examined  crystallographically, 
in  order  to  determine  to  which  series  of  di-derivatives  of  camphor  it 
belongs.  It  crystallises  in  simple  forms  belonging  to  the  orthorhombic 
system  j  the  results  of  the  examination  of  the  crystals  are  given  below. 

System. — Orthorhombic. 

Axial  Ratios.— a  :  h  :  c=  1-5338  :  1  :  1-9020. 

Habit. — From  alcohol,  ethylic  acetate,  Ac,  in  short  prisms  elongated 
along  the  6-axis.  From  ether  and  chloroform  in  six-sided  plates, 
flattened  parallel  to  the  face  {101}. 

Forms  2n'ese7it. — c  =  {001 }. 
r  =  {101}. 

?  =  {oii}. 

Fig.   1 
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Angles  observed — 

Number 

of  observa- 

Angle. 

tions. 

Limits. 

Mean. 

Calculated 

r:r  (101) 

(101) 

19 

77°35'  to    78°  0' 

77043' 

77043' 

r:r  (101) 

(101) 

19 

102    4  „  102  37 

102  17 

— 

r:c  (101) 

(001) 

6 

50  56   „     51  20 

51    8 

51    8 

q:q  (Oil) 

(Oil) 

10 

124  30  „  124  45 

124  37 

— 

q:q   (Oil) 

(Oil) 

13 

54  57  „     55  39 

55  21 

55  23 

q:c  (Oil) 

(001) 

9 

62    8   „     62  32 

62  19 

62  19 

r:q  (101) 

(Oil) 

13 

73    1    „     73  23 

73  12 

73    3 

r:q  (101) 

(Oil) 

13 

106  37  ,,  106  59 

106  47 

106  57 

Cleavage. — I»[o  definite  planes  of  cleavage. 

O^Mcal  Projyerties. — The  optic  axial  plane  is  the  plane  {010},  the 
optic  axes  emerging  nearly  perpendicular  to  the  faces  of  the  form 
r  {101}.  The  a-axis  is  therefore  the  acute  bisectrix,  and  the  optic 
axial  angle  is  about  78°.     The  double  refraction  is  positive. 

A  comparison  of  the  axial  ratios  with  those  given  in  the  table  on 
p.  574,  shows  very  clearly  that  it  belongs  to  the  aa-series ;  the  axial 
ratios  being  intermediate  between  those  of  aa-dibromo-  and  aa-dichloro- 
crystals  and  almost  identical  with  the  values  given  by  Cazeneuve  for 
aa-bromochlorocamphor. 

Reduction. — When  chlorobromocamphor  is  warmed  with  alcohol  and 
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potash,  a  very  vigorous  action  takes  place,  the  solution  becomes  dark 
coloured,  and  inorganic  potassium  salts  are  precipitated  ;  the  solution 
is  then  diluted  with  water,  and  the  insoluble  precipitate  drained  off  and 
distilled  in  a  current  of  steam.  When  crystallised  three  times  from 
spirit,  the  product  melted  sharply  at  92°  and  its  specific  rotatory  power 
was  [a]i)  =  96'8°  (5-5  per  cent,  spirit,  22°).     On  analysis, 

0-1400  gave  0-1081  AgCl.     Cl=19-01. 

CjoHijClO  requires  CI  =  19-09  per  cent. 

The  product  of  reduction  is  therefore  identical  with  a-chlorocamphor 
prepared  from  camphor,  which  melts  at  93°  and  has  a  specific  rotatory 
power  [a]D  =  95-8°  (5  per  cent,  spirit,  20°). 

Theoretical. — The  preparation  of  chlorobromocamphor  from  a-bromo- 
camphor  and  its  reduction  to  a-chlorocamphor  afford  a  complete  proof 

that   it  is   an  a-chlor-a-bromocamphor,  CgHj^'^  i  ,  and  the  other 

members  of  the  aa-series  of  di-derivatives  of  camphor  containing 
halogens  must,  therefore,  be  similarly  constituted. 

Chlorobromocamphor  is  shown  by  its  behaviour  on  fractionation  to 
be  a  mixture  of  two  isomeric  substances  differing  widely  in  rotatory 
power.  It  is  not,  however  a  mixture  of  optical  isomerides,  such  as  is 
produced  on  sulphonation  of  chlorocamphor  (Kipping  and  Pope, 
Trans.,  1897,  71,  962),  for  on  reduction  both  constituents  yield  dextro- 
chlorocamphor  of  normal  rotatory  power.  The  only  other  isomerism 
possible  for  an  aa-chlorobromocamphor  is  the  stereoisomerism  discussed 
in  the  earlier  part  of  this  paper. 

A  complete  separation  of  the  two  stereoisomerides  was  not  effected, 
bat  the  less  soluble  constituent  was  probably  obtained  almost  pure ; 
this  is  the  form  of  low  rotatory  power,  in  which  the  chlorine  atom  is 
in  the  a-,  and  the  bromine  in  the  a'-position,  and  we  may  therefore 
describe  it  as  a-chlor-a! -hromocam2yhor,  m.p.  61°,  [a]i,=  10°  (chloroform). 

aa-Bromochlorocamphors. 

Preparation. — aa-Bromochlorocamphor,  prepared  by  adding  one 
molecular  proportion  of  bromine  to  a-chlorocamphor  heated  on  a  water 
bath,  was  crystallised  twice  from  spirit,  and  a  quantity  of  about 
100  grams  was  submitted  to  a  series  of  recrystallisations  in  order  to 
obtain  constant  values  for  the  melting  point  and  specific  rotation. 
The  product  used  for  tho  fractionation  melted  at  53 — 55°,  and  its 
specific  rotatory  power  was  [a]„  =  51°,  (10  per  cent,  chloroform  at  14°); 
the.se  values  approximate  to  those  given  by  Cazeneuve  {Bull.  Soc.  Chim., 
[ii],  1885,44,  118)  for  the  substance,  namely,  m.  p.  51-5°,  [a],  =  51°. 
The  halogens  were  estimated  by  Carius's  method  : 
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0-1553  gave  0-1945  silver  haloid.     Halogen  =  43-62. 
0-2062      „      0-2580  silver  haloid.     Halogen  =  43-59. 

Cj(,Hj^ClBrO,  requires  halogen  =  43-46  per  cent. 

The  specimen  completely  volatilised  with  steam,  leaving  no  residue  in 
the  distilling  flask. 

Fractionation. — The  substance  was  crystallised  26  times  successively 
from  six  different  solvents,  and  it  was  found  that  the  specific  rotatory 
power  fell  continuously,  as  is  shown  in  the  following  table. 

After  2  crystallisations  [a]o  =  51-0°  (10  per  cent.  CHCl.j,  14°). 

„  3  „  [a]o  =  44-6  (10  „  „  '    15°). 

„  5  „  [a]D  =  42-l  (10  „  „  15°). 

„  7  „  [a]D  =  39-3  (10  „  „  15°). 

„  8  „  [a]D  =  34-2  (10  „  „  16°). 

„  11  „  [a]D  =  29-0  (10  „  „  20°). 

„  17  „  [a]D=19-8  (10  „  „  20°). 

„  26  „  [a]D  =  16-0  (  9-2  „  „  20°). 

The  melting  point  was  raised  to  58°  by  one  crystallisation  from 
chloi'oform,  and  the  ultimate  product  melted  sharply  at  61°,  melting 
just  before  the  ultimate  product  from  chlorobromocamphor  when 
heated  side  by  side  with  it.  A  check  analysis  showed  it  to  have  the 
normal  percentage  of  halogen  : 

0-0944  gave  0-1182  silver  haloid.     Halogen  =  43-63  per  cent. 

The  minimum  value  obtained  for  the  specific  rotatory  power  was  higher 
than  in  the  case  of  chlorobromocamphor,  but  the  large  quantity  of 
material  available,  and  the  high  initial  value  of  the  specific  rotatory 
power  rendered  it  possible  to  obtain  a  much  more  pronounced  maximum 
in  this  case.  Several  crops  of  crystals  were  taken  from  the  chloroform 
liquors  obtained  in  the  first  stage  of  the  fractionation,  and  the  residue, 
amounting  to  less  than  5  per  cent,  of  the  whole,  was  distilled  in  a 
current  of  steam  and  crystallised  from  dilute  spirit.  The  product 
melted  at  55°,  and  had  a  specific  rotatory  power  [a]ij=:63-9°  (7'02  per 
cent,  chloroform,  20°).     The  halogens  were  determined  : 

01016  gave  0-1259  silver  haloid.     Halogen  =  43-18. 
0-1597     „     0-1977  silver  haloid.     Halogen  =  43-13. 
Calculated  :  halogen  =  43-46  per  cent. 

Stahility. — Attempts  were  made  to  obtain  a  complete  conversion 
into  one  stereoisomei-ide  by  the  action  of  heat  and  by  the  action  of 
acids.  A  specimen,  for  which  [a]0  =  48-8°  (10  per  cent,  chloroform, 
20°),  after  being  heated  at  220°  for  some  time  until  it  had  become 
dark  coloured,  was  distilled  in  a  current  of  steam  and  crystallised  from 
spirit,  when  its  specific  rotatory  power  was  [a]D  =  46-8°  (5-41  per  cent. 

VOL.   LXXIII.  Q   Q 


582  LOWRY  :   STUDIES   OF   THE  TERPENES 

chloroform,  21°).  There  is  thus  no  change  beyond  that  produced  by  the 
crystallisation.  A  second  quantity  was  heated  at  100°  for  20  hours  with 
a  mixture  of  acetic  and  hydrochloric  acids,  but  here  again  no  change  in 
specific  rotatory  power  was  observed  beyond  that  due  to  the  subsequent 
crystallisation  of  the  product.  The  stability  of  the  isomeric  chloro- 
bromocamphors  is  in  marked  contrast  with  the  instability  of  a'-bromo- 
camphor  and  a'-chlorocamphor.  Thus  the  second  bromocamphor 
described  by  Marsh  was  for  the  most  part  converted  into  a-bromo- 
camphor  by  distillation,  and  the  action  of  acids  and  of  alkalis  is  suffi- 
cient to  secure  the  production  of  a-bromocamphor  as  sole  product  in 
the  bromination  of  camphor. 

Reduction. — Bi'omochlorocamphor  is  readily  reduced,  either  by 
alcohol  and  potash,  or  by  zinc  and  acetic  acid,  the  sole  product  being 
a-chlorocamphor  :  when  distilled  in  a  current  of  steam,  and  crystallised 
twice  from  spirit,  it  melted  at  93°,  and  two  determinations  of  the  specific 
rotatory  power  gave  [a]u  =  96'l°  (4'59  per  cent,  spirit,  21°)  and 
[a]D  =  95-5°  (6*01  per  cent,  spirit,  18°).  The  product  of  the  action  of 
zinc  and  acetic  acid,  precipitated  with  water  and  crystallised  twice 
from  acetic  acid,  gave  [a]D=  95"4  (2-8o  per  cent,  spirit,  15°). 

The  formation  of  a-cA^orocamphor  as  the  sole  product  of  reduction 
from  bromochlorocamphor,  which  consists  principally  of  a-chlw-a- 
bromocamphor,  is  a  striking  proof  of  the  instability  of  a'-chlorocam- 
phor, both  in  acid  and  in  alkaline  solution. 

Theoretical. — It  has  already  been  stated  that  bromochlorocamphor 
is  isomorphous  with  chlorobromocamphor,  and  must,  therefore,  be 
similarly  constituted.  The  same  arguments  are  then  available  to 
.show  that  it  is  an  isomorphous  mixture  of  the  two  forms  of  a-chlor- 
a-bromocamphor.  This  conclusion  is  confirmed  by  a  number  of  other 
observations. 

(1)  The  less  soluble  constituents  from  bromochlorocamphor  and 
from  chlorobromocamphor  must  be  regarded  as  being  identical,  for  the 
last  fraction  in  each  case  melted  at  61°,  and  the  specific  rotatory  power, 
which  differed  initially  by  25°,  approached  within  6°  of  each  other. 
Again,  a  specimen  of  chlorobromocamphor  after  7  crystallisations  had 
exactly  the  same  specific  rotatory  power,  [ a  ]d  =  1 9'8°,  and  the  same  melt- 
ing point  as  a  specimen  of  bromochlorocamphor  after  17  crystallisations. 
This  affords  a  further  proof  of  the  identity  of  the  two  substances,  and 
therefore  of  the  constitution  of  bromochlorocamphor. 

(2)  When  bromine  acts  on  a-chloi'ocamphor,  a  mixture  of  isomerides 
is  produced,  whereas  by  acting  on  a-bromocamphor  with  bromine 
under  similar  conditions  a  single  substance  is  produced.  This  renders 
it  probable  that  the  two  isomerides  in  the  former  case  differ  only  in 
that  the  positions  of  the  chlorine  and  bromine  atoms  are  interchanged, 
for  the  isomerism  no  longer  exists  when  tho  two  halogens  are  iden- 
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tical.  But  the  chlorine  is  all  in  an  a-position,  and  therefore  the  bromine 
is  also  in  an  a-position,  and  the  substance  is  a  mixture  of  aa'-  and 
a'a-bromochlorocamphors.  It  is  not  possible,  in  this  case,  to  obtain  a 
direct  proof  of  the  position  taken  up  by  the  bromine  ;  in  the  case 
of  chlorobromocamphor  such  a  proof  was  afforded  by  the  preparation  of 
the  substance  from  a-bromocamphor. 

The  initial  product  of  the  action  of  bromine  on  chlorocamphor  has  a 
much  higher  specific  rotatory  power  than  that  obtained  by  chlorinating 
bromocamphor,  and  it  appears  to  consist  chiefly  of  the  form  of  high 
rotatory  power.  On  account  of  the  fact  that  a-bromocamphor  has  a 
higher  specific  rotatory  power  than  a-chlorocamphor,  we  may  conclude 
that  this  form  is  a-hrom-a -chlorocamphor,  and  as  it  was  probably 
obtained  fairly  pure  in  the  fractionation  of  bromochlorocamphor,  we 
may  give  its  constants  asm.  p.  55%  [a]D< 64°  (chloroform).  This  sub- 
stance differs  but  slightly  from  the  isomeric  a-chlor-a'-bromocamphor 
in  most  of  its  properties,  on  account  of  the  similarity  of  the  radicles 
occupying  the  a-  and  a'-positions ;  the  two  isomerides  crystallise 
together  in  isomorphous  mixed  crystals,  which  have  the  appearance  of 
a  single  substance,  and  have  always  been  regarded  as  consisting  of 
one  substance  only.  Apart  from  the  specific  rotatory  power,  the  only 
indication  that  this  is  not  so  is  to  be  found  in  the  melting  point, 
which  ranges  over  about  6%  but  this  alone  would  have  been  insufficient 
to  demonstrate  the  constitution  of  the  mixed  crystals,  and  the  whole 
investigation  depends  directly  on  the  optical  activity  of  the  substances 
examined. 

Note  on  Chlo^rocamphor. 

The  specific  rotatory  power  of  chlorocamphor  prepared  in  different 
ways  has  been  determined,  with  the  following  results. 
From  camphor. 

[a]D=96-0'  [5  per  cent,  spirit  solution  at  20*^]. 
[a]D  =  96-2    [5         „  „  20°]. 

From  dichlorocamphor. 

[a]i,  =  95-8°  [5-25    „  „  20°]. 

[a]i,  =  95-7    [5-52    „  „  18°]. 

From  bromochlorocamphor. 

[a]i,  =  95-5°  [6-02  „  „  18°]. 

[a]D  =  95-2    [3-41  „  „  18°]. 

[a]„  =  96-l    [4-59  „  „  21°]. 

[a]p  =  95-4   [2-85  „  „  15°]. 

From  chlorobromocamphor. 

[a]D  =  96-8°  [5-45    „  „  23°]. 

Mean    [a]D  =  95-8°  for  a  5  per  cent,  spirit  solution  at  20% 
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Stereoisomer  I G    Dlbromochlorocaniphors. 

On  heating  chlorocamphor  with  excess  of  bromine  in  sealed  tubes,  a 
/8aa-dibromochIorocamphor  is  obtained,  which  has  been  found  to  be  an 
isomeric  mixture  similar  to  the  bromochlorocamphor  obtained  by  the 
action  of  bromine  onchloi'ocamphor  at  100°  and  at  atmospheric  pressure. 
Preparation. — The  conditions  under  which  it  was  prepared  were 
similar  to  those  followed  in  the  case  of  )8-bromochlorocamphor,  the  only 
noticeable  difference  being  that  the  tubes  used  were  somewhat  larger. 
Eight  sets  of  four  tubes,  each  containing  6  grams  of  chlorocamphor  and 
5  c.c.  of  bromine,  were  heated  for  about  5  hours  at  temperatui-es  rang- 
ing from  100°  to  140°,  and  in  each  case  the  product  isolated  was 
dibromochlorocamphor,  although  two  tubes  containing  equal 
charges  of  chlorocamphor  and  of  bromine  and  heated  for  5  hours  at 
120°  had  previously  given  /3-bromochlorocamphor.  The  crude  product 
is  freed  from  bromine  and  from  hydrogen  bromide  by  passing  a 
current  of  steam  through  it,  and  is  subsequently  fi'eed  from  oil 
by  dx'aining  on  a  filter  pump  5  by  crystallising  three  times  from 
spirit,  it  is  obtained  in  needle-shaped  crystals  melting  at  78°.  The 
yield  amounts  to  about  one-third  of  the  weight  of  chlorocamphor 
used.  The  substance  is  very  soluble  in  chloroform,  somewhat  less 
so  in  benzene,  readily  in  light  petroleum,  acetic  acid  and  spirit  when 
hot,  but  only  slightly  when  cold,  and  only  dissolves  with  difficulty 
in  light  petroleum. 

Fractionation. — When  crystallised  from  spirit  (three  times),  acetic 
acid,  chloroform,  and  spirit,  the  substance  melted  at  81°  and  had  the 
specific  rotatoi'y  power  [a]D  =  44-5°  in  a  5  per  cent,  solution  in 
chloi-oform  at  14°.     On  analysis  by  Carius's  method, 

0-2736  gave  0-4102  silver  haloid.     Halogen  =  56-41. 
0-3708     „     0-5570  silver  haloid.     Halogen  =  56-51. 

CjgHj.jClBrgO  requires  halogen  =  56-72  per  cent. 

When  further  crystallised  from  chloroform,  benzene,  light  petroleum, 
acetic  acid,  and  spirit,  the  specific  rotatory  power  was  raised  to  [  a  ]i,  = 
51-3°  for  a  5  percent,  solution  in  chloroform  at  19°.  This  is  the 
maximum  value,  as  after  23  crystallisations  it  was  still  found  to 
be  [a]D  =  5r2°  for  a  5  per  cent,  solution  in  chloroform  at  16°.  The 
melting  point  also  becomes  constant  at  84°. 

Theoretical. — Dibromochlorocamphor  resembles  the  chlorobromo- 
camphor  already  described  in  that  the  melting  point  and  specific 
rotatory  power  are  changed  by  recrystallisation,  even  after  the 
removal  of  all  impurities.  From  the  method  used  in  its  preparation,  it  is 
probable  that  it  contains  broniino  atoms  in  tlie  yS-  and  a-positions,  and 
its  behaviour  shows  it  to  be  an  isomorphous  mixture  of  the  two  forms 
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which  are  possible  for  /?aa-dibi'omochlorocamphor,  as  represented  by 
the  formulye 

C8H^3Br<9<^Br      and       C8Hi3Br<9<Cl. 


CO 


CO 


The  influence  of  the  additional  |8-bromine  atom  is  seen  in  three 
respects.  (1)  The  solubilities  of  the  isomerides  show  a  greater 
difference  than  in  the  pi-evious  cases,  allowing  of  a  moi*e  x-eady  separa- 
tion of  the  two  forms.  (2)  The  relative  solubility  of  the  two  forms 
is  here  reversed,  the  form  of  high  rotatory  power  derived  from 
a-brom-«'-chlorocamphor  being  the  less  soluble,  so  that  the  rotatory 
power  of  the  mixtui'e  increases  on  recrystallisation.  (3)  Only  a 
relatively  small  amount  of  the  more  soluble  isomeride  is  obtained  in 
the  crystals,  the  change  of  rotation  observed  being  only  7°,  as  com- 
pai-ed  with  16°  and  30°  in  the  previous  cases.  The  foi-m  of  high 
rotatory  power  isolated  by  fractionation,  is  fia-dihrom-a-chlorocamijhor, 
corresponding  with  the  first  of  the  formulae  given  above,  and  this  has 
therefore  been  obtained  in  a  pure  state;  m.  p.  84°,  [a]D  =  51"3°  (5  per 
cent,  chloroform). 

Crystallography. — Dibromochlorocamphor  crystallises  from  light 
petroleum,  on  spontaneous  evaporation  of  the  solvent,  in  short  prisms, 
with  extremely  bright  faces.  These  were  examined,  with  the  following 
results. 

System. — Orthorhombic. 

Axial  Ratios.— a  :b  :  c=l-i627  : 1  :  2-1332. 

Habit. — Usually  crystallises  in  prisms  elongated  along  the  b  axis,  but 
sometimes  in  plates  flattened  parallel  to  {100[  or  {101}. 

Forms  jyresent. 


a -{100} 
c  =  {001} 
r  -{101} 
r'  =  {102} 


^  =  {011} 

p={no} 

0  =  {111} 


The    pyramid  form   o  =  {lll}    is    usually  incomplete,    and  the    prism 
form,  p  =  {110},  only  appears  very  occasionally. 


Fig.  2. 
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Angles  observed. 

Numbei 

rof 

observations.    Limits. 

Mean. 

Calculated. 

a:r   (100)  :  (101) 

31 

34°  25' 

to  34°  36' 

34°  30' 

— 

v.r    (101):  (102) 

29 

19  21 

„  19  36 

19  29 

19°  28' 

c:r'   (001):  (102) 

28 

35  54 

„  36  7 

36  2 

36  2 

a:r'   (100):  (102) 

25 

53  49 

„  54  8 

53  59 

53  8 

c:r    (001):  (101) 

25 

55  24 

„  55  38 

55  30 

55  30 

r:r    (101):  (101) 

15 

68  54 

„  69  10 

69  1 

69  0 

r  -.r   (102):  (102) 

13 

71  58 

„  72  11 

72  4 

72  4 

q:c    (Oil):  (001) 

31 

64  46 

„  64  59 

64  53 

— 

q:q   (Oil):  (Oil) 

15 

50  9 

„  50  21 

50  14 

50  14 

c:p   (001):  (110) 

10 

89  51 

„  90  8 

89  59 

90  0 

q:r   (011):(101) 

21 

75  58 

„  76  15 

76  6 

76  5 

q:r   (Oil):  (101) 

17 

103  49 

,,104  5 

103  55 

103  55 

q:r   (Oil):  (102) 

18 

69  48 

„  70  3 

69  56 

69  56 

o:/(lll):(102) 

9 

52  49 

„  53  16 

53  1 

53  3 

q:o   (011):(111) 

5 

57  1 

„  57  3 

57  2 

57  1 

a:q   (100)  :(011) 

26 

89  50 

„  90  9 

90  0 

90  0 

q:o   (Oil):  (111) 

15 

31  31 

„  31  51 

31  43 

31  42 

o:a   (111):  (100) 

16 

58  6 

„  58  24 

58  16 

58  18 

o:r   (111)  :  (101) 

3 

50  25 

„  50  28 

50  26 

50  23 

o:t   (111):(10T) 

3 

129  30 

,,129  37 

129  35 

129  37 

c:o  (001):  (111) 

14 

68  46 

„  68  58 

68  50 

68  50 

o:p   (111):  (110) 

6 

21  10 

„  21  13 

21  11 

21  10 

o:o   (111):  (111) 

4 

42  21 

„  42  23 

42  22 

42  20 

;>:«  (110)  :(100) 

3 

55  21 

„  55  46 

55  33 

55  39 

r:;>  (101):  (110) 

2 

62  20 

„  62  28 

62  24 

62  17 

p:q   (110):  (Oil) 

2 

41  16. 

„  41  36 

41  26 

41  38 

Optic  Axes. — The  optic  axial  plane  is  the  plane  J100[,  the  axis  of  a 
being  the  acute  bisectrix.  The  double  refraction  is  negative  and  the 
optic  axial  angle  moderate. 

Cleavage. — No  definite  planes  of  cleavage. 

The  crystallographic  measurements  of  dibromochlorocamphor  .show 
that  it  forms  the  first  member  of  a  new  series  of  derivatives  of  camphor 
containing  halogen  ;  the  axial  ratios  resemble  those  of  the  aa-series  much 
more  nearly  than  those  of  the  /3a-series,  showing  that  these  constants  are 
more  sensitive  to  substitution  in  the  a-  than  in  the  y8-position.  In 
most  points  it  closely  resembles  aa-chlorobromocamphor,  but  the  optic 
axial  plane  is  here  the  plane  {100}  in  place  of  the  plane  {001},  the 
«-axis  being  the  acute  bisectrix  in  both  cases. 
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aa-Dihromocattqyhor. 

In  order  to  establish  the  conclusions  drawn  above  as  to  the  mole- 
cular structure  of  the  chlorobromocamphors  it  was  necessary  to 
determine  whether  the  corresponding  aa-dibromocamphor  is  capable 
of  being  resolved  into  two  constituents  of  unequal  rotatory  power. 
For  this  purpose  a  preparation  of  the  substance  was  made,  under  con- 
ditions as  far  as  possible  similar  to  those  used  in  the  preparation  of 
bromochlorocamphor,  by  warming  a-bromocamphor  with  bromine 
(1  mol.),  on  a  water  bath.  When  crystallised  three  times  from  spirit, 
it  melted  sharply  at  60°,  and  two  detei*minations  of  the  specific  rotatory 
power  gave  [a]D  =  40'0°(10  per  cent,  chloroform,  21°)  and  [a]D  =  40*l° 
(10  per  cent,  chloroform,  20°).  When  further  crystallised  from  chloro- 
form, acetone,  light  petroleum,  and  spirit,  it  again  melted  sharply  at 
60°,  and  two  determinations  gave  [a]u  =  40'l  (10  per  cent,  chloroform, 
21°),  [a]D  =  40-2  (10  per  cent,  chloroform,  20°).  Dibromocamphor 
is  therefore  a  homogeneous  substance  and  is  not  an  isomorphous 
mixture. 

Dibromocamphor  differs  in  a  marked  degree  from  most  other  cam- 
phor derivatives  in  that  its  specific  rotatory  power  is  almost  in- 
dependent of  the  solvent  and  of  the  strength  of  the  solution.  This  is 
shown  by  the  following  determinations. 


Solution. 

[«k 

Temperature. 

Chloroform 

5 

per  cent. 

40-0° 

20° 

>> 

10 

)> 

40-1 

20 

>> 

20 

>> 

40-1 

20 

Benzene 

5 

>) 

39-2 

20 

>> 

9 

>5 

39-2 

23 

Spirit 

5 

)> 

39-2 

14 

Acetone 

5 

M 

39-5 

17 

>> 

10 

55 

39-5 

17 

Ethylic  acetate  10 

55 

39-1 

17 

From  this  it  would  appear  that  the  influence  of  the  solvent  on  the 
specific  rotatory  power  in  other  cases  is  brought  about  either  through 
the  asymmetry  of  the  a-carbon  atom,  or  through  the  presence  of  a 
hydrogen  atom,  or  a  nitro-group  in  the  a-position. 

Pa-Bromochlorocamphor. 

This  was  prepared  by  heating  a-chlorocamphor  (6  grams)  in  a  sealed 
tube  with  bromine  (5  c.c.)  for  5  hours  at  120°.  The  product,  after  being 
washed  with  water  and  dilute  soda  and  distilled  in  a  current  of  steam, 
was   drained   on   porous   earthenware   and   crystallised   from   spirit, 
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"When  crystallised  three  times  from  spirit,  it  melted  sharply  at  98° 
and  its  specific  rotatory  power  was  [a]D  =  69*8''(5  per  cent,  chloroform, 
15°) ;  when  further  crystallised  from  benzene  and  spirit,  it  again 
melted  at  98°,  and  the  value  of  [ajo  was  as  before,  6  9 '8°;  in  a  5  per 
cent,  benzene  solution,  [a]n  =  42*0°  at  15°.  Unlike  aa-bromochloro- 
camphor,  the  isomeric  ^a-compound  is  therefore  a  homogeneous 
substance. 

A  similar  examination  of  ^a-dihromocamphor  showed  it  to  be  a  single 
substance  melting  at  113°;  [a]D=100°  (5  per  cent,  chloroform,  13°), 
and  [a]n=78°  (5  per  cent,  chloroform,  13°). 

Attempts  to  prepare  a  trihromocamphor  by  the  action  of  bromine 
on  abromocamphor  yielded  only  /3a-dibromocamphor,  and  no  definite 
substance  could  be  isolated  from  the  product  obtained  by  the  action 
of  bromine  on  aa-dibromocamphor. 

In  concluding  this  paper,  I  desire  to  express  my  thanks  to  Dr. 
Armstrong  for  the  assistance  he  has  so  readily  given  me  in  the  carry- 
ing out  of  this  research,  and  in  the  preparation  of  this  paper. 

Chemical  Department, 

Central  Technical  College, 
London,  S.W. 
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Amongst  substituted  pyi-idine  compounds  containing  methyl  or  other 
hydrocarbon  radicles  (in  the  place  of  hydrogen),  the  hydroxy-dei'iva- 
tives,  unfortunately,  are  unable  to  withstand  the  oxidising  action  of 
potassium  permanganate,  and,  as  a  consequence,  hydroxycarboxylic 
acids  cannot  be  prepared  by  this  means.  A  typical  instance  of  this 
breaking  down  of  the  pyridine  ring  is  that  of  methylpseudolutido- 
styril,  which  yields  methyloxamic  acid  when  oxidised  with  potassium 
permanganate  (Hantzsch,  Ber.,  1884,  17,  1019).  If,  however,  the 
hydi'oxy-group  be  replaced  by  chlorine,  then  the  pyridine  nucleus  re- 
mains unbroken  when  boiled  with  potassium  permanganate,  and  only 
the  side  groups  are  attacked  with  production  of  chlorocarboxylic 
acids  of  pyridine.  Tlie  introduction  of  a  mcthoxyl  group  also  in  cer- 
tain cases  seems  to  have  the  same  effect  as  chlorine,  for  Freer  and 
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Konigs  (Ber.,  1885,  18,  2394),  by  the  oxidation  of  methylamidocarbo- 
styril,  obtained  methoxypyridinedicarboxylate. 

Various  hydroxy-  and  chloro-carboxylic  acids  have  already  been  in- 
vestigated by  one  of  the  authors  (Trans.,  1895,67,  399;  1897,  71, 
299,  and  1897,  71,  653).  The  present  conamunication  is  a  continuation 
of  the  same  work. 

When  ethylic  acetoacetate  is  treated  with  gaseous  ammonia,  ethylic 
/8-amidocrotonate  is  formed,  and  when  the  latter  compound  is  satu- 
rated with  hydrogen  chloride  and  heated,  it  condenses  to  the  ethylic 
salt  of  an  hydroxylutidinecarboxylic  acid.  This  pyridine  derivative 
was  used  as  the  starting-point  of  the  research.  It  was  converted  by 
means  of  phosphorus  pentachloride  into  the  corresponding  chloro-com- 
pound,  which  in  its  turn  was  oxidised  with  potassium  permanganate, 
giving  a  chlorinated  tribasic  acid. 

/N\  /Nx\  /N^ 

CH,-C/      "^C-OH  CHg-C^     ^CCl        COOH-C/      ^CCl 

COOEt-Cv      ^CH    "^  OOOEt-C\^    ^CH  "^  COOH-C\^    ^CH 

CH3  CH3  COOH 

Ethylic  hydroxyliitidiue-  Etliylic  chlorolutidine-  Chlorocarbo- 

carboxylate.  carboxylate.  ciuchomcrouic  acid. 

Several  intermediate  ethers  and  salts  also  have  been  investigated, 
and  the  chlorocarbocinchomeronic  acid  has  been  reduced  by  means  of 
tin  and  hydrochloric  acid  to  the  carbocinchomeronic  acid  itself. 


Ethylic  Chlorolutidinecarhoxylate. 

When  the  hydrochloride  of  ethylic  amidocrotonate  is  heated,  the 
chief  product  is  an  ethylic  hydroxylutidinecarboxylate  melting  at 
138 — 139°.  This  substance  was  treated,  in  quantities  of  about  20 
grams  at  a  time,  with  24  grams  of  phosphorus  pentachloride,  and,  on 
warming,  the  reaction  takes  place  gradually,  with  evolution  of  hydrogen 
chloride. 

CjoH^gNOg  +  PCI5  =  CjoHioNO^Ol  4-  POCI3  +  HCl. 

It  was  found  best  to  raise  the  temperature  of  the  oil  bath  in  which 
the  mixture  was  heated  to  about  180°.  After  the  action  is  over,  the 
contents  of  the  flask  are  poured  into  water,  nearly  neutralised  with 
caustic  soda,  and  the  ether  separated  by  distillation  in  a  current  of 
steam  ;  the  oil  which  passes  over  is  dried  and  again  distilled.  It  boiled 
at  288 — 290°  (corr.),  and  on  analysis  it  gave  the  following  numbers. 

Found  0  =  56-6;  H=60;  N  =  7-0;  CI  =  16-6. 
C10H12NO2CI  requires  0  =  56-2;  H  =  5-6;  N  =  6-5;  01=16-6  per  cent. 

This  chloro-ether  is  an  oily  substance  insoluble  in  water,  and  not 
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easily  acted  on  by  potash.     About   15  grams  were]  produced  from  20 
grams  of  the  ether. 

The  free  acid  was  obtained  by  persistent  boiling  with  strong  potash 
solution,  and  alcohol  had  to  be  added  and  the  boiling  continued  before 
the  hydrolysis  was  complete. 

CjoHiaNO^Cl  +  KOH  =  CgH^NOaClK  +  C^H.-  OH. 

The  whole  was  then  evaporated  to  dryness  on  a  water  bath  with  ex- 
cess of  hydrochloric  acid,  and  the  residue  treated  with  small  quantities 
of  water,  so  as  to  remove  the  potassium  chloride.  The  acid  that 
remained,  when  recrystallised  from  hot  water,  formed  needles  which, 
when  pure,  melted  at  148°  (corr.),  and  decomposed  at  about  190°. 

On  analysis,  it  gave  the  following  results. 

Found  0  =  50-3  and  51-3;  H  =  4-8  and  4-8;  N  =  76;  01=19-3. 
OgHgNOgOl  requires  0  =  51-7;  H  =  4-3;  X  =  7-5;  01  =  19-1  per  cent. 

and  the  acid,  therefore,  has  the  formula 

OHg-C^    ^001 
OOOH-Cx^   ^CH 

The  oxidation  of  ethylic  chlorolutidinecarboxylate  by  potassium 
permanganate  was  carried  out  in  batches  of  5  grams  at  a  time.  The 
ether  was  placed  with  150  grams  of  water  in  a  flask  fitted  with  a 
reflux  condenser,  14-8  grams  of  potassium  permanganate  were  added 
in  small  quantities  at  a  time,  and  the  mixture  boiled.  The  oxidation 
took  about  7  hours  to  complete ;  after  any  excess  of  unoxidised 
ether  had  been  removed  by  steam  distillation,  the  residue  was  filtered, 
and  the  filtrate  evaporated  to  dryness  on  a  water  bath  with  a  small 
excess  of  hydrochloric  acid ;  potassium  chloride  was  removed  from 
the  dry  residue  by  treating  it  with  small  quantities  of  water,  and  the 
insoluble  residue  was  then  recrystallised  from  water.  The  yield  was 
not  good,  only  about  1  gram  of  acid  being  obtained  from  5  grams  of 
the  chloro-ether.  This  acid  did  not  give  any  concordant  results  on 
analysis,  and  it  was  ultimately  found  to  consist  of  the  acid  potassium 
salts  of  two  different  acids.  It  is  curious  that  these  salts  do  not 
seem  to  be  decomposed  when  their  solutions  are  evaporated  to  dryness 
with  hydrochloric  acid  on  the  water  bath. 

To  obtain  the  free  acid,  therefore,  the  lead  salts  were  prepared, 
washed,  and  then  decomposed  with  sulphuretted  hydrogen  ;  on  filter- 
ing off  the  load  sulphide  .and  concentrating  the  solution  on  a  water 
bath,  a  crystalline  acid  was  left  which,  when  pure,  melted  at  about  207°, 
whilst  from  the  mother  liquors  a  second  acid  of  lower  melting  point 
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was  obtained,  lu  ordex'  to  more  eifectually "separate  these  acids,  the 
whole  was  evaporated  to  dryness  and  treated  with  ethylic  acetate,  in 
which  the  acid  of  higher  melting  point  was  less  soluble ;  by  repeated 
treatment  with  this  solvent,  the  mixture  was  ultimately  separated 
into  two  acids,  the  less  soluble.  A,  melting  at  212°  (corr.),  and  the 
more  soluble,  B,  at  169°  (corr.). 

A,  on  analysis,  gave  the  following  results  after  drying  at  100°. 

Found  C  =  38 -7  and  38-7;  H  =  l-8and  1-7;  N-5-7;  CI  =  14-7. 
CgH^NO^Cl  requires  C  =  39-0;  H  =  l-6;  N  =  5-7:3  CI  =  14-4  per  cent. 

The  crystalline  acid  contained  2H2O,  for  on  drying  at  100°  it  lost 
15-1  per  cent.  Calculated  for  2H2O,  HoO  =  14-4  per  cent.  It  was 
found,  by  titration  with  caustic  soda,  to  be  a  tribasic  acid,  and  therefore 
has  the  following  formula. 

COOH-C/^    ^CCl 

COOH'C.         ,CK 

\C^ 

COOH. 

Chlorocarbocincliomeronic  acid,  m.  p.  212'. 

Unfortunately,  when  heated  above  its  melting  point,  it  charred  com- 
pletely, and  fusion  with  potash  also  produced  the  same  result.  An 
aqueous  solution  of  the  neutral  potassium  salt  gave  a  crystalline 
precipitate  with  barium  chloride ;  a  buff-coloured  one  with  ferric 
chloride ;  with  niti'ate  of  silver,  a  precipitate  of  fine  felted  needles, 
and  with  ferrous  sulphate,  a  deep  orange  coloration.  The  potassium 
salt,  when  concenti-ated,  gave,  with  hydrochloric  acid,  a  precipitate,  not 
of  the  free  acid,  but  of  the  acid  potassium  salt. 

The  more  soluble  acid,  B,  melting  at  169°,  seemed,  from  titration 
with  cavistic  soda,  to  be  a  dibasic  acid,  and  when  boiled  with  excess  of 
caustic  soda  alcohol  was  formed,  and  from  the  residue  the  acid  A  melt- 
ing at  212°  was  obtained.  From  these  results,  it  appeared  probable 
that  it  was  the  monethylic  salt  of  acid  A.  A  chlorine  determination 
was  made.  Found,  CI  13-1  and  12-9;  calculated  for  CjpHgNO,,Cl  j 
CI  =  13  0  per  cent.  Also,  when  in  the  crystalline  condition,  it  was 
found  to  contain  SH^O.  The  acid  potassium  salt,  already  mentioned, 
was  prepared  by  evaporating  a  solution  of  the  neutral  potassium  salt 
to  dryness  with  hydrochloric  acid.  This  salt  gave,  on  analysis, 
K=12-7.  Calculated  for  CjoH^NOgClK,  K=12-5  per  cent.  The 
substance  therefore  has  the  following  formula. 

COOH-c/    ^CCl 
COOC,H,-C\^^CH 

COOH 
Compound  B,  m.  p.  169°. 
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As  the  acid  melting  at  212°  was  a  chlorocarbocinchomeronic  acid,  the 
action  of  tin  and  hydrochloric  acid  on  it  was  tried.  A  few  grams  of 
the  acid  were  allowed  to  stand  for  some  days  with  hydrochloric  acid 
and  excess  of  tin  in  a  warm  place ;  the  tin  was  then  precipitated  with 
hydrogen  sulphide,  and  when  the  filtrate  was  evaporated  to  dryness 
and  the  residue  tested,  it  was  found  to  contain  an  acid  free  from 
chlorine.  This  acid  was  very  soluble  in  water,  crystallising  in  small 
plates  ;  and  with  ferric  chloride,  gave  a  blood-red  coloration.  It  con- 
tained water  of  crystallisation,  and  when  heated  in  a  capillary  tube  it 
turned  from  about  200°  and  melted  at  250°  with  complete  decom- 
position. As  we  had  only  a  small  quantity  of  the  acid,  it  was  converted 
into  the  silver  salt  by  precipitation  of  an  aqueous  solution  of  the  free 
acid  by  means  of  siver  nitrate.  The  silver  salt  thus  prepared 
separated  in  needles,  and  after  one  recrystallisation,  seemed  pure.  For 
analysis,  it  was  dried  at  100°. 

Found,  C  =  22-1  ;  H=l-0;  Ag  =  51-3  per  cent. 

CsffaAg^NOc  requires  C  -  22-5  ;  H  =  O'T  ;  Ag  =  50-8  per  cent. 

The  silver  salt  was  therefore  the  monacid  silver  salt  of  carbocin- 
chomeronic  acid,  C.H2lSI'(COOAg)2*COOH,  and  the  above  mentioned 
properties  of  the  acid  agree  well  with  those  of  carbocinchomeronic 
acid  itself  which  melts  at  250°.  This  acid  was  first  obtained  by  the 
oxidation  of  quinine,  and  also  from  several  of  the  cinchona  alkaloids  ; 
but  it  has  "since  been  synthetically  produced  by  several  different 
reaction!?,  from  an  a/?y-lutidine  by  oxidation  (Micheal,  Ber.,  1885,  18, 
2027),  from  methylchinolinic  acid,  from  lepidine,  &c. 

Carbocinchomeronic  acid  or  pyridinetricarboxylic  acid, 

COOH-c/    ^CH 
COOH-C\^    ^CH' 

COOH 

is  one  of  the  products  of  oxidation  of  quinine,  cinchonidine,  cinchonine, 
quinidine,  and  papaverine,  and  therefore  its  formation  from  ethylic 
acetoacetate  is  of  some  interest. 

Pharmaceutical  Society, 
London. 
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LXI. — Molecular  Weights  in  Solution  of  Permanganates, 
Perchlorates,  and  Periodates. 

By  J.  Murray  Crofts,  B.A.,  B.Sc,  Research  Student  of  Emmanuel 

College. 

It  is  well  known  that  the  salts  of  permanganic  acid  are  generally 
isomorphous  with  those  of  perchloric  acid.  Until  quite  recently,  the 
formula  of  the  potassium  salts  was  written  for  permanganic  acid 
KoMnoOg,  and  for  perchloric  acid  KCIO^,  although  the  law  enunciated 
by  Mitschei'lich  in  the  early  part  of  the  century  points  to  a  similarity 
in  the  chemical  constitutions  of  the  two  salts.  Recent  woi'k,  however, 
has  indicated  the  correctness  of  the  more  simple  formula  KMnO^,  for 
potassium  permanganate. 

Previous  Work. 

Perchlorates. — Tammann  {Mem.  Acad.  Petersb.,  1887,  35)  gives  the 
lowering  of  the  vapour  pressure  of  water  produced  by  solution  therein 
of  various  salts.  For  potassium  perchlorate,  he  gets  a  value  similar  to 
that  obtained  for  haloid  salts  of  univalent  metals,  and  Raoult  (Gonipt. 
rend.,  1889,  107,  442)  gives,  for  the  lowering  of  the  vapovir  pressure 
of  alcohol  by  sodium  perchlorate  dissolved  in  it,  a  value  which  cor- 
responds with  the  formula  NaClO^. 

Oswald  {Lehrbuch,  II,  733),  by  the  specific  conductivity  method  gets 
^  ~  /"■losi  ~/"'32~  ^^'^  for  potassium  perchlorate,  the  value  of  A  for  the 
simple  salts  of  monobasic  acids  being  about  10. 

Permanganates. — The  work  done  on  the  molecular  weights  of  perman- 
ganates in  solution  deals  only  with  the  specific  conductivity  of  the  salts. 
Bredig(^ej<.  j)hysikal.  Chem.,  1893,  12,  233),  using  the  potassium  salt, 
got  a  fairly  good  value  for  the  formula  KMnO^  {n  =  basicity  =  0 '93). 
Franke  {Zeit.  j^hysikal.  Chem.,  1895,  16,  475)  gives  the  results  of  a 
series  of  experiments  on  the  specific  conductivities  of  permanganates, 
but  his  values  for  A  vary  between  vei'y  wide  limits,  as  shown  in  the 
following  table,  where  the  figures  given  are  the  means  of  the  values 
obtained  by  Franke  for  each  salt. 

Ag   =      6-4  |Sr   =      9-3 

Na   =      8-4  iCa   =    14-5 

Li    =    13-4  iBa  =    19-7 

It  seemed  worth  while,  therefore,  to  make  further  investigations  on 
this  subject,  and  it  was  determined  to  use,  if  possible,  Raoult's  freezing 
point  method,  a  method  which  apparently  had  not  been  used  before 
for  these  salts. 
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The  preparation  of  pure  potassium  permanganate  and  potassium 
perclilorate  offered  little  difficulty,  the  salts  being  purified  by  repeated 
ci'ystallisation  and  the  purity  tested  by  analyses. 

Very  many  substances  were  tried  as  solvents  for  these  salts,  potas- 
sium perchlorate,  however,  is  very  insoluble ;  it  is  soluble  to  a  very 
small  extent  in  a  few  organic  solvents  (absolute  alcohol  O'l  per  cent., 
benzene  0-2  per  cent.,  at  the  boiling  point  of  the  solvents). 

As  regards  potassium  permanganate,  it  was  found  that,  although 
this  salt  is  fairly  soluble  in  many  substances,  such  as  alcohol,  acetone, 
and  pyridine,  oxidation  by  the  permanganate  soon  took  place,  and  no 
suitable  solvent  could  be  found. 

It  was  at  this  point  that  my  attention  was  drawn  to  a  paper  by 
Lbwenherz  {Zeit.  physikal.  Chem.,  1895,  18,  70),  who  had  used 
Glauber's  salt  as  his  solvent.  The  constant  was  obtained  from 
experimental  results  with  indifferent  substances,  and  also  theoretically 
by  the  method  due  to  Van't  Hoff,  using  the  latent  heat  of  fusion. 
Determinations  of  the  molecular  weights  of  sodium  salts,  such  as  the 
chloride  and  carbonate  were  then  made,  and  the  molecular  depression 
showed  that  no  dissociation  took  place  when  the  salts  were  dissolved 
in  melted  Glauber's  salt  (compare  the  method  of  determining  the 
vapour  density  of  phosphorus  pentachloride).  With  sulphates,  potas- 
sium sulphate  for  example,  a  value  for  the  constant  was  obtained  double 
that  of  the  ordinary  value,  as  if  K.,SO^  had  split  into  K   and  KSO^. 

The  molecular  weights  of  salts  containing  other  acidic  and  basic 
radicles  could  be  determined  by  a  consideration  of  the  number  of 
foreign  substances  which  could  be  formed.  With  potassium  chloride, 
for  example,  the  following  conditions  are  obtained. 

r  2KC1  +  NaaSO^  =  KaSO^  +  2]SraCl 
1  2NaCI  +  K2SO4  =  K  +  KSO4  +  2N"aCl 

that  is,  2  molecules  of  KCl  give  four  foreign  substances  in  solution. 
Again, 

r  K2CO3  +  NagSO^  =  K2SO4  +  NajCOg 
1  K,SO,  +  Na^COg  =  K  +  KSO^  +  Na^CO^ 

1  molecule  giving  three  foreign  substances  with  perchlorates  or  per- 
manganates, then, 

f  2KCIO4  +  NaaSO^  =  KgSO^  +  2NaC104 
i  K^SO,  +  2NaC10^  =  K  +  KSO,  +  2NaC10, 

2  molecules  giving  four  foreign  substances. 

If,  however,  the  molecule  of  potassium  perchlorate  is  KgClgOjj, 

(  KgCiPs  -h  NagSO^  =  KoSO^  +  NagCiPg 
I  K2SO4  -f-  Na2Cl208  =  K  +  KSO4  -I-  Na.^ClgOj, 
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that  is,  1  molecule  (the  molecular  weight  being  doubled)  gives  three 
foreign  substances. 

If  sodium  salts  were  used,  a  normal  value  of  the  constant  must  be 
obtained,  as  no  dissociation  could  occur.  In  the  present  work,  botli 
sodium  and  potassium  salts  were  used. 

The  preparation  of  pure  sodium  perchlorate  presented  little  difficulty. 
It  was  prepared  from  the  chlorate  by  heating  (Serullas,  Ann.  Chim. 
Phi/s.,  1832,  [ii],  46,  294,  323).  The  salt  was  purified  by  repeated 
crystallisation  from  alcohol. 

The  preparation  of  pure  solid  sodium  permanganate  was  not  so 
simple.  No  fuller  account  of  its  preparation  could  be  found  than  that 
contained  in  Watt's  Dictionary.  An  outlined  account  of  the  method 
adopted  is  as  follows. 

Silver  permanganate  was  obtained  from  silver  nitrate  and  potassium 
permanganate,  and  purified  by  recx'ystallisation  (Dewar  and  Scott, 
Proc.  R.  Soc,  35,  44).  A  weighed  amount  of  these  pure  crystals 
was  dissolved  in  hot  water  and  treated  with  a  little  less  than  the 
calculated  quantity  of  pure  sodium  chloride  dissolved  in  a  small 
quantity  of  water ;  the  precipitated  silver  chloride  was  then  filtered  off 
and  the  solution  evaporated  down  in  a  vacuum.  Eleven  grams  of 
silver  permanganate  required  roughly  about  1  litre  of  hot  water  to 
dissolve  it.  The  evaporation  of  the  sodium  permanganate  solution 
was  continued  until  the  liquid  was  reduced  to  about  20  c.c.  ;  this  was 
placed  in  a  glass  dish  in  a  vacuum  over  sulphuric  acid,  when  it  became 
solid  in  a  few  days.  The  mass,  which  was  not  definitely  crystalline, 
but  finely  granular,  was  dissolved  in  a  small  quantity  of  cold  water 
(to  remove  excess  of  silver  permanganate),  filtered  through  glass  wool, 
and  again  placed  in  a  vacuum.  This  time,  large,  beautiful  crystals  of 
the  salt  were  obtained  ;  these  were  again  recrystallised.  The  crystals 
were  free  from  chlorine  and  silver,  and  analyses  showed  them  to  be 
very  nearly  pure.  The  salt  crystallises  in  the  form  of  long  needles 
(similar  to  those  of  the  potassium  salt)  which  contain  water  of  crystal- 
lisation; they  have  the  formula  NaMnO^  +  SH^O.  The  water  of 
crystallisation  is  driven  off  at  the  temperature  of  a  steam  oven ;  on 
exposure  to  the  air,  the  crystals  eSioresce  and  decompose  slightly. 

"  Pure  "  Glauber's  salt  was  recrystallised  and  dried  in  the  air  to  the 
approximate  composition  NaoSO^-f  lOHgO.  It  is  not  necessary  that 
the  composition  of  the  crystals  should  exactly  correspond  with  this 
formula,  as  water  is  driven  off  during  the  process  of  melting.  The 
exact  composition  of  the  salt  used  must,  however,  be  known ;  then 
from  the  amount  of  anhydrous  sulphate  deposited  at  the  bottom  of  the 
Beckmann  tube  during  the  course  of  the  experiment,  the  actual 
amount  of  melted  Glauber's  salt,  NagSO^-h  IOH2O,  can  be  calculated. 
It  is  important  to  remove  the  water  driven  off  and  condensed  on  the 
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side  of  the  tube,  otherwise  drops  are  liable  to  run  down  into  the 
liquid,  just  as  the  solvent  is  freezing  out,  and  so  to  vitiate  the  results 
of  the  reading. 

The  presence  of  anhydrous  sulphate  in  the  tube  during  an  experiment 
ensures  the  saturation  of  the  supernatant  liquid  with  sodium  sulphate. 

Owing  to  the  method  of  calculating  the  actual  amount  of  solvent 
used,  only  determinations  with  one  concentration  can  be  done  in  each 
experiment.  Care  must  be  taken  in  the  stirring  to  prevent  the  liquid 
and  the  deposited  anhydrous  sulphate  cooling  at  different  rates. 

To  the  constant  C,  obtained  by  determining  the  molecular  depres- 
sion for  indifferent  substances,  Lowenherz  gives  the  value  32 '6. 

From  the  equations  given  above,  if  the  formula  for  potassium  per- 
chlorate  is  KCIO^,  the  value  for  C'  =  65"2.  If  the  formula  is  KgCUOg, 
C'=  1/2  (32-6  X  3).  (The  figure  is  1/2  (326  x  3),  because  in  the  calcula- 
tion the  value  for  M,  the  molecular  weight,  is  taken  as  138-6  =  KCIO^). 

The  results  obtained,  using  both  potassium  and  sodium  salts,  are 
tabulated  below. 

G  =  Weight  of  solvent,  in  grams. 

J^=  Weight  of  substance  introduced,  in  grams. 

A  =  Depression  of  freezing  point  observed. 

(7  =  Constant  obtained. 

In  the  formula  C  = 


lOOF' 

G. 

F. 

A. 

C. 

KCIO, 

24-14 

0-1225 

0-257 

2(34-7) 

23-68 

0-1275 

0-270 

2(34-5) 

22-44 

0-1570 

0-350 

2(36-0) 

22-10 

0-1845 

0-434 

2(36-0) 

NaClO^ 

23-40 

0-2080 

0-200 

28 

24-52 

0-3055 

0-292 

29 

25-20 

0-3880 

0-345 

28 

KMnO^ 

23-04 

0-1853 

0-276 

2(27-5) 

25-85 

0-1860 

0-272 

2(30-0) 

23-10 

0-2043 

0-307 

2(27-5) 

NaMnO^ 

23-60 

0-328 

0-258 

27-6 

22-81 

0-344 

0-290 

28 

21-50 

0-344 

0-286 

26 

The  values  for  the  constant  thus  obtained  give  for  perchlorates  the 
formula  M'CIO^,  and  for  permanganates  the  formula  M'JNInO^. 

These  results  help  to  justify  the  position  of  manganese  in  group  VII 
in  the  periodic  classification  of  the  elements.  The  dioxide  of  manga- 
nese is  acidic,  forming  the  so-called  raanganites,  of  which  CaOjMnOo 
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is  well  known.  The  trioxide,  Mn03,  is  the  anhydride  of  manganic  acid, 
H^MnO^.  The  anhydride  of  permanganic  acid,  namely,  Mn^O^,  can 
also  be  obtained.  Manganese,  then,  has  decidedly  acidic  properties. 
The  results  of  the  present  work  emphasise  the  analogy  between 
manganese  and  chlorine. 

Various  formulce  have  been  suggested  for  perchloric  acid. 

O  O 

Cl-0-O-O-OH      :      H0-C1<^   \o       :       H0-C1=0. 


^  O 

In  the  first,  upheld  by  Blomstrand  {Ber.,  1883,  16,  183),  the  chlorine 
atom  functions  as  a  monad ;  in  most  of  its  compounds,  the  chlorine 
atom  is  univalent.  The  evidence  in  favour  of  the  second  formula,  in 
which  the  chlorine  atom,  represented  as  tervalent,  is  not  very  strong, 
there  is  the  hypothetical  oxide,  d.^Og,  and  its  acid,  HCIO.,.  Also  the 
halogen  atoms  certainly  function  as  triads  in  compounds  such  as  ICI3. 

The  third  formula,  in  which  the  chlorine  atom  is  represented  as  septa- 
valent,  is  upheld  by  Spring  {Bull.  Acad.  Belg.,  [ii],  39,  887).  In 
Mendeleeff's  classification,  chlorine  and  manganese  are  placed  in  group 
VII,  the  typical  oxides  of  which  are  of  the  form  Rg^v  Manganese 
heptoxide  is  known,  and  its  acid  must  be  represented  by  the  formula 
HMnO^,  in  which  the  manganese  atom  is  probably  a  heptad,  and  hence 
the  constitutional  foi*mula  must  be  that  represented  by  I. 

O  O 

I.     HO-Mn=0.  II.     HO-Cl-0. 

II  II 

o  o 

Although  the  heptoxide  of  chlorine,  ClgO-,  is  unknown,  the  well- 
marked  analogy  between  manganese  and  chlorine  points  to  a  similar 
formula,  II,  for  perchloric  acid. 

These  formulje  can  represent,  in  a  simple  fashion,  all  the  various 
reactions  of  the  compounds. 

Addendu77i. — I  have  been  fortunate  in  obtaining  some  pure  potassium 
periodate,  which  was  prepared  by  Dr.  Kimmins  some  time  ago  (Trans., 
1889,  55,  148) ;  by  estimation  of  the  potassium,  the  salt  was  shown 
to  be  pure  metaperiodate,  (KIO^)^.  The  molecular  weight  of  this 
was  determined  by  the  method  described  above.  The  value  of  the 
constant  obtained  was  2  x  29,  corresponding,  therefore,  with  the 
formula  KIO^. 

My  best  thanks  are  due  to  Mr.  Pattison  Muir  for  permitting  me  to 
work  in  his  laboratory,  and  for  the  many  facilities  he  has  afforded  me 
in  my  work. 

GONVILLE   AND   CAIUS   COLLEGE   LABORATORY, 

Cambridge,  A2}ril,  1898. 
VOL.    LXXIII.  R   R 
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LXII. — The  ultraviolet  Absorption  Spectra  of  some 
closed  Chain  Carhon  ComiDOunds. 

By  W.  N.  Hartley,  F.R.S.,  and  J.  J.  Dobbie,  M.A.,  D.Sc. 

It  has  been  shown  by  one  of  us  that  benzene,  naphthalene, 
antlu'acene,  and  phenanthrene  all  yield  spectra  with  characteristic 
absorption  bands,  that  this  property  is  shared  by  the  various  homo- 
logues  of  benzene,  their  hydroxyl,  carboxyl,  amido-,  and  other  such  deri- 
vatives, and  by  the  tertiary  bases  pyridine,  picoline,  and  quinoline. 

It  was,  on  the  other  hand,  further  shown  that  open  chain  carbon 
compounds,  such  as  the  paraffins  and  their  derivatives,  alcohols,  alde- 
hydes, acids,  and  ethereal  salts,  glycerol,  and  the  sugars,  gave  no 
absorption  bands  ;  neither  did  the  terpenes  when  free  from  benzenoid 
derivatives,  nor  substances  of  constitution  similar  to  hexachlorobenzene 
or  camphor.  (Hartley  and  Huntington,  Phil.  Trans.,  1879,  170, 
257.  Proc.  Roy.  Soc,  1880,  31,  1.  Hartley,  J.  Chem.  Soc,  1881,  39, 
153;  1882,  41,  45;  1885,  47,  685.     Phil.  Trans.,  1885,  176,  471.) 

Accordingly,  it  was  concluded  that  the  grouping  and  linking  of  the 
carbon  atoms,  or  of  the  carbon  and  niti-ogen  atoms,  forming  the 
nucleus  of  the  compounds  were  the  cause  of  the  banded  spectra,  and 
the  origin  of  the  bands  was  accounted  for. 

With  recent  advances  in  organic  chemistry,  it  has  been  considered 
desirable  to  continue  these  researches  and  extend  the  inquiry  towards 
compounds  of  a  new  type,  such  as,  for  instance,  closed  chains  wherein 
the  carbon  atoms,  four  or  six  in  number,  are  singly  linked,  or  two 
pairs  are  doubly  linked,  and  to  ascertain  what  effect  oxygen  and  other 
polyvalent  atoms  as  links  in  a  closed  chain  may  exert  on  the  optical 
properties.  As  a  commencement,  we  have  examined  furfui-aldehyde 
and  its  derivatives,  pyrrole,*  diketohexamethylene,  and  thiophen. 

The  general  method  of  procedure  previously  followed  has  been 
adhered  to.  We  state  the  mode  of  preparing  the  substances  in  as 
pure  a  condition  as  possible,  and  describe  the  spectra  transmitted  by 
solutions  in  various  diactinic  solvents. 

Furfit,raldehy<.le. — The  specimen,  which  was  purchased  from  Messrs. 
T.  &  H.  Smith  &  Co.,  of  Edinburgh,  was  dried  over  calcium  chloride, 
purified  by  fractional  distillation  at  atmospheric  pressure,  and  the 
fraction  boiling  at  159*^  again  subjected  to  fractional  distillation  under 
a  pressure  of  124  mm.,  when  the  whole  of  the  liquid,  with  the 
exception  of  a  small  residue,  came  over  at  constant  temperature. 
The  purified  specimen  had  a  very  pale  straw  yellow  colour,  and 
boiled  constantly  at  161—161-5°  (1-V.)  Bar.  =  764-9  mm. 

*  This  is  the  basic  compound,  C4NH(i,  to  which  the  name  pynoline  is  given  in 
this  Journal. — Editoi:. 
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Furfuraldehyde,  C^HgO-COH. 

0"096  gram,  or  1  milligram  molecule,*  dissolved  in  20  c.c.  of  alcohol. 
Strong  general  absorption,  but  no  absorption  band. 


l.Thickness  of 
layer  of  liquid 
in  millimetres. 

Description  of  spectrum. 

1 
A. 

A. 

25 

All  ravs  absorbed  completely  beyond    

2686 
2770 

2884- 

2942 
3076 

3183 
3239 
3239 

3723 

Except  a  strong  line  visible  at    

3C10 

20 
15 
10 

The  same,  but  a/aint  indication  of  a  strong;  line  at 

The  same 

Complete  absorption  beyond  

3467 
3399 

5 

4 
3 

Feeble  absorption  only  between  2942  and    

The  same,  but  stronger 

Absorption  beyond    

3250 
3141 

2 

3087 

1 

N^othing  visible  beyond 

3087 

Furfuramide. — Prepared  by  dissolving  30  grams  of  furfuraldehyde 
in  300  c.c.  of  water  and  agitating  the  solution  with  strong  ammonia ; 
the  mixture  became  perceptibly  warm,  and  a  precipitate  formed 
almost  immediately.  This  was  allowed  to  stand  for  three  days  with 
occasional  shaking,  and  was  then  collected,  washed,  and  crystallised 
from  absolute  alcohol.     The  dried  crystals  melted  at  117°. 


Furfuramide  {G^f>'Q'R)^c^. 

0-269  gram  in  20  c.c.  of  alcohol.     Strong  absorption,  but  no 
absorption  band. 


Thickness  of 
layer  of  liquid 
in  millimetres. 


25 
20 
15 
10 


Description  of  spectrum. 


Rays  very  feebly  transmitted  to 

The  same  to  

Rays  more  strongly  transmitted  to    

The  same,  but  extending  very  feebly  to  

Strong  cadmium  lines  appear  at  2770  and 
2884. 

Rays  extending  feebly  to     

The  same  spectrum,  but  stronger. 

The  same,  but  extending  feebly  to    

The  same,  with  a  feeble  extension  to 

The  same,  even  fairly  strong  to 


2374 
2512 
2512 
2604 


2938 

3041 
3249 
3249 


4212 
3980 
3980 
3840 


3403 

3288 
3077 
3077 


*  Throughout  the  paper,  the  amount  dissolved  in  20  c.c.  solvent  corresponds  with 
1  milligram  molecule. 
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Pyo'omucic  Acid,  or  Furfurancarhoxylic  Acid. — This  was  prepared  by 
adding  to  25  grams  of  furfuraldehyde  an  equal  volume  of  alcoholic 
potash  containing  200  grams  of  KOH  per  litre ;  the  mixture  became 
warm,  and  in  a  short  time  glistening  brown  or  dark  red  crystals  of 
potassium  pyromucate  separated.  After  about  12  hours,  these  were 
dissolved  in  water  and  the  solution  shaken  thoroughly  with  ether  to 
remove  any  furfuryl  alcohol ;  the  solution  requires  a  considerable 
amount  of  ether  for  complete  extraction. 

The  solution  of  potassium  pyromucate  thus  obtained  was  mixed 
with  sufficient  strong  hydrochloric  acid  to  eifect  complete  decom- 
position and  to  render  the  solution  slightly  acid,  the  precipitated 
pyromucic  acid  filtered  off,  and  the  filtrate  agitated  with  ether  to 
extract  the  remainder  of  the  acid. 

The  pyromucic  acid  was  pui-ified  by  dissolving  it  in  water,  boiling 
with  animal  charcoal  to  decolorise  it,  filtei'ing,  concentrating,  and 
allowing  it  to  crystallise.  The  acid  was  obtained  in  colourless  crystals, 
which  melted  at  132^. 

Pyromucic  acid,  C^HgO'COOH. 

0'112  gram  in  20  c.c.  of  alcohol.     Strong  general  absorption, 
no  absorption  band. 


Thickness  of 
layer  of  liquid 
in  millimetres. 


25 


Description  of  spectrum. 


Feeble  transmission  with  complete  absorption  of 

all  rays  beyond  

The  same  beyond  

The  same,  gradually  increasing  in  strength  but 
by  no  means  strong. 


The  same  with  complete  absorption  beyond. 


2881 
2868 


2748 


Furfuran. — Prepared  from  barium  pyromucate  by  distillation  with 
Koda-lime  and  condensing  the  distillate  in  the  usual  way,  using  U-tubes 
and  a  freezing  mixture ;  the  brown  liquid  which  collected  in  the 
U-tubes  was  dried  over  calcium  chloride  and  distilled  from  a  water 
bath.  The  product,  which  boiled  at  32°,  was  clear  and  colourless 
(Limpricht.ylnw.,  1873,  165,  281). 
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I. — 0-068  gram  in  20  c.c.  of  alcohol.     Strong  general 
absorption,  no  bands. 


Thickness  of 

1 

layer  in 

Description  of  spectrum. 

K 

millimetres. 

25 

Spectrum  weak,  with  fainter  lines  cut  out  be- 

tween 2768  and  

3638 
3638 

2748 

All  rays  absorbed  completely  beyond    

2748 

Except  a  strong  line  visible  at    

3886 

2573 

20 

3740 

2673 

15 

4321 

10 

The  same,  faint  indication  of  lines  at  3793  and 

2314 

5 

4321 

2314 

Very  faint  lines    at    3743,  3768,  3795,  4057, 

4300,   4315  ;  stronger  line  at  4321  ;   faint 

lines  at  4340,  4375. 

4 

Same  as  preceding  with  a  few  more  faint  lines 
visible  between  3886  and  4321. 

3 

Same  as  4. 

2 

Same  as  3,  except  that  a  faint  line  appears  at 

4415     

2265 

1 

Same  as  preceding. 

Furfuran. 
II._0-068  gram  in  100  c.c.  alcohol. 


Thickness  of 

layer  in 
millimetres. 

Description  of  spectrum. 

1 
K 

A. 

5 

Complete  absorption  beyond  

4415 

2265 

41 

3/ 

2 

1 

Transmission  feeble  between  3638  and  3886, 
and  between  3886  and  4306. 

Same  as  5. 

Somewhat  brighter  than  3,  feeble  line  at  4510. 
Same  as  preceding. 
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Furfuran. 
III.— 0-068  gram  in  500  c.c.  alcohol. 


Thickness  of 

layer  in 
iiiilliiiietrcs/ 

Description  of  spectrum. 

1 
A 

A 

4 

Same  as  1,   IL,   except   that   a  feeble   line  is 

4556 
4556 
4650 

2194 

3 

Same,  line  more  distinct  at 

2 
1 

The  whole  spectrum  visible,  including  line  at... 
Same,"  somewhat  stronger. 

2150 

Diketohexamethylene. — Powdered  ethylic  succinylsuccinate  (10  grams) 
was  added  to  concentrated  sulphuric  acid  (42  c.c.)  contained  in  a 
conical  flask,  and  as  there  was  no  rise  of  tempex'ature,  the  mixture 
was  warmed  slightly  to  obtain  complete  solution. 

The  solution  was  poured  on  to  ice  (145  grams)  contained  in  a 
beaker,  when  a  flaky,  white,  flocculent  precipitate  was  formed  without 
I'ise  of  temperature  ;  the  whole  was  placed  in  a  flask  of  a  litre  capacity, 
alcohol  (4  c.c.)  added,  and  the  liquid  cohobated  for  about  9  hours,  until 
all  the  solid  matter  had  dissolved.  By  distilling  off  50  c.c.  of  the 
solution,  the  alcohol  was  removed,  and  to  the  residue  some  calcined 
and  powdered  sodium  carbonate  was  cautiously  added  so  as  to 
neutralise  the  acid.  A  pale  blue  precipitate  formed  which  gradually 
darkened,  and  on  adding  dilute  sulphuric  acid  this  precipitate  re- 
dissolved.  The  liquid,  on  being  left  overnight,  deposited  sodium 
sulphate,  which  was  separated  by  filtration.  To  the  filtrate,  ammonium 
sulphate  was  added,  and  subsequently  a  large  quantity  of  chloroform. 
The  chloroform,  after  separation,  was  distilled  off,  and  the  solid  residue 
dissolved  in  absolute  alcohol,  but  the  substance  was  diflicult  to  crystallise 
owing  to  its  low  melting  point.  The  alcoholic  solution  was  therefore 
warmed  and  placed  in  a  vessel  over  sulphuric  acid,  which  was  then 
exhausted  ;  after  a  time,  crystals  separated  which  were  filtered  from 
the  mother  liquor,  washed  once  with  alcohol,  and  dried  between  filter 
paper.  Tlic  crystals  were  colourless  and  melted  at  78°  (Baeyer  Ann.^ 
1895.  278,  96). 
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Diketohexamethijlene,  C0<^2^~nS^>00. 
0-112  gram  in  20  c.c.  of  alcohol. 


Tliickness  of 

1 

layer  of  liquid. 

Description  of  spectrum. 

A 

ill  millimetres. 

A. 

25 

Spectrum  transmitted  fairly  strongly  to  

3239 

3087 

but  very  feebly  beyond.  There  is  a  feeble  trans- 

mission of  the  strongest  cadmium  lines  at 

2638,  3886,  and  4290,  which  shows  that  the 

absorption  is  weak  throughout,    although 

continuous. 

20 

The  same,  but  more  strongly  to 

3239 

3087 

A  line  appears  faintly  at  3353. 

15 

The  same. 

10 

The  same,  a  line  appears  faintly  at  3470,  very 
faintly  at  3529,  and   a   feeble    continuous 
spectrum  runs  right  through. 

5 

The  same,  with  the  feeble  continuous  spectrum 
somewhat  stronger  but  not  quite   distinct 

extending  to  the  extreme  end 

4290 

2331 

Pyrrole. — The  specimen  employed,  which  was  purchased  from 
Schuchardt,  was  distilled  in  a  darkened  room,  as  the  substance  decom- 
poses readily  in  sunlight.  Three  fractions  were  obtained  ;  the  second, 
which  was  the  larger  part  of  the  whole,  boiled  between  129°  and  130°. 
It  was  re-distilled  in  the  dark,  and  the  clear,  colourless  liquid  obtained 
boiled  between  129°  and  130°  as  before.  This  was  then  subjected  to 
distillation  under  a  pressure  of  150  mm.,  when  it  all  came  over  at 
constant  temperature.  The  boiling  point  was^l30'5°  (i,  V.)  under  a 
pressure  of  764-75  mm. 

Pyrrole    . 

ch:ch 

I. — 0-067  gram  in  20  c.c.  of  alcohol.     Strong  general 
absorption,  but  no  absorption  band. 


ch:ch>j,jj^ 


Thickness  of 
layer  of  liquid 
in  millimetres. 


Description  of  spectrum. 


Absorption  complete  beyond  

with  the  exception  of  a  strong  cadmium  line 
just  faintly  visible  at  

Absorption  complete  beyond  


Extension  of  the  transmitted  spectrum  to 
Absorption  beyond  this. 


3893 

3915 

4027 
4087 


4165 


2568 

2554 

2483 
2446 

2400 
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II. — 0-067  gram  in  100  c.c,  of  alcohol. 


Thickness  of 
layer  of  lu|uid 
in  millimetres. 

Description  of  spectrum. 

1 

\ 

I) 
1} 

Continuous  spectrum  extends  to 

4202 
4290 

2379 

2831 

Thiopheii. — This  was  purchased  from  Schuchardt,  and  purified  by 
fractional  distillation.  The  middle  fraction,  by  far  the  greater  part 
of  the  whole,  was  a  clear,  colourless  liquid  boiling  at  84 — 85°.  It  was 
re-distilled  under  a  pressure  of  140  mm.,  when  it  all  came  over  at  a 
constant  temperature.  The  boiling  point  was  found  to  be  84'5°  (i.  V.). 
Bar.  763'56  mm. 

This  substance  has  more  recently  been  examined  by  J.  Pauer,  who 
found  that  its  vapour  gave  a  continuous  absorption  to  A2460,  whilst 
the  liquid  pressed  into  a  film  between  quartz  plates  gave  an  absolute 
absorption  to  A2540  {Ann.  Phys.  Chem.,  1897,  61,  363,  "  Absorption 
ultraviolleter  Strahlen  durch  Diimpfe  und  Fliissigkeiten  ").  Thiophen 
might  still  show  an  absorption  band  on  dissolving  and  diluting  the 
solution,  but  our  examination  of  the  spectra  under  these  conditions 
proved  that  there  was  no  selective  absorption. 


Thiophen,  V  ^S, 

^        CH=CH 

Remarkable  for  its  very  strong  general  absorption,  but  no  absorp- 
tion band.  It  was  necessary  to  take  a  series  of  five  plates,  and  to  use 
very  dilute  solutions. 

I. — 0*084  gram  in  20  c.c.  of  alcohol. 


Thickness  of 
layer  of  liquid 
in  iniHimetrcs. 

Description  of  spectrum. 

1 
\ 

A 

25  down  to'! 

Absolute  absorption  beyond  •■ 

3886 
3915 

2573 

1                 J 

Transmitted  rays  gradually  extending  to  about 

2554 
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II.— 0-084  jrram  in  100  c.c. 


Thickness  of 
layer  of  liquid 
iu  millimetres. 

Description  of  spectrum. 

1 
\ 

A 

5  down  to  "1 
1       .          J 

Absolute  absorption  beyond    

3949 
4043 

2532 

2473 

0'084  gram  in  500  c.c. 


5  down  to  "I 

3  / 

2  down  to  \ 
1  / 


Absolute  absorption  beyond    

5>  J»  ?  »         ^  

The  strong  lines  of  cadmium  are  feebly  trans- 
mitted 4291  to 


4043 
4075 


4656 


2473 
2454 

2147 


Thiophen. 

III. — 0-084  gram  in  20  c.c  of  alcohol.  The  expo.sure  was  doubled 
for  this  and  IV,  being  raised  from  15  to  30  seconds.  This 
did  not  render  the  absorption  less  complete,  but  the  transmitted 
rays  being  stronger,  the  absorption  was  very  clearly  marked. 


Thickness  of 
layer  of  liquid 
in  millimetres. 

Description  of  spectrum. 

1 
A 

A 

25  down  to  ) 
1                 \ 

Absolute  absorption  beyond    

3915 
3979 

2.^)54 

2513 

IV.— 0-084  gram  in  100  c.c.  of  alcohol. 


Thickness  of 
layer  of  liquid 
in  millimetres. 

Description  of  spectrum. 

1 
A 

A 

5  down  to " 
1                 J 

Absorption  absolute  beyond    

4020 
4049 

2487 

2469 

" 

0-084  gram  in  500  c.c. 


5  down  to  1     1  Absolute  absorption  beyond 
3  J     ' 


2  and  1 


The  very  strong  lines  of  cadmium  are  now  feebly 
transmitted. 


4049 
4127 


2469 
2423 
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v.— 0084  gram  in  2500  c.c.  of  alcohol. 


Thickness  of 
layer  of  liquid 
in  millimetres. 

Description  of  spectrum. 

1 
A 

A 

Continuous  spectrum  transmitted  to 

4127 
4306 

2423 

3 

2  and  1 

Spectrum  almost  continuous  but  faint. 
Spectrum  continuous  to  the  cadmium  line  

2322 

The  extraordinary  absorption  caused  by  thiophen  is  due  to  the 
sulphur  it  contains.  This  property  is  shared  by  carbon  bisulphide,  as 
is  well  known. 

Conclusions. — It  will  be  seen  that,  however  intense  the  absorption 
of  the  ultraviolet  rays  may  be,  there  is  in  no  case  any  absorption 
band  observed  in  sub.stances  with  the  following  constitution ;  this  is 
quite  in  accordance  with  previous  observations,  and  might  have  been 
predicted. 

HC— CH 

II     II 
HC     C-COOH 

\/ 

o 

Pyromucic  acid. 


HC— CH 

II     II 
HC     C-COH 

\/ 
O 

Furfuraldeliydo. 


HC— CH 

II     II 
HC     CH 

\/ 
O 

Furfurane. 


C0^^^2*  CiHj 
^^^CH^-CH^ 


>C0 


HC— CH 

II     II 
HC     CH 


Diketoliexametliylcnc. 


c  ji.,o-ch(n:ch- c^HjO).^ 


Furfuramide. 
PiOYAL  CoTJ.ECE   OF   SCIENCE, 

Dublin. 


NH 

Pyrrole. 

HC— CH 

II     II 
HC     CH 

\/ 

S 

Thiophen. 


LX I II. — Enan  tiomorphism. 

By  FuKDEUic  Stanley  Kipi'ing  and  William  Jackson  Pope. 

Knantiomoiu'Iious  substances  arc  naturally  divisible  into  two  classes  : 
(«)  consisting  of  those  compounds  in  which  the  enantiomorphism  is 
determined  by  the  structure  of  the  chemical  molecule,  and  {h)  con- 
sisting of  those  crystalline  substances  of  which  the  enantiomorphism 
is  not  inherent  in  the  molecules,  but  is  determined  solely  by  their 
arrangement. 
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The  first  class  (a)  consists  of  all  compounds  containing  what  is 
usually  called  an  asymmetric  carbon  atom.  Such  substances  not  only 
condition  circular  polarisation  in  the  amorphous  or  liquid  state,  this 
being  one  mode  of  expression  of  the  enantiomorphism,  but  as  we  have 
previously  shown  ("  Racemism  and  Pseudoracemism,"  Trans.,  1897,  71, 
989),  they  can  only  crystallise  in  one  or  other  of  the  enantiomorphous 
crystalline  systems ;  the  latter  form  is  merely  a  more  precise  statement 
of  Pasteur's  law,  the  truth  of  which  has  been  questioned  by  Walden 
{Ber.,  1896,  29,  1692),  but  which,  as  we  pointed  out,  stands  or  falls 
with  the  present  theory  of  crystal  structure.  Furthermore,  it  can  he 
shown  that,  in  the  crystallisation  of  a  substance  consisting  of  enantio- 
morphous chemical  molecviles,  the  resulting  crystalline  structure  can 
only  be  of  the  one  hand  ;  that  is  to  say,  the  crystals  of  a  substance 
which  is  dextrorotatory  in  the  amorphous  state  must  be  either  right- 
or  left-handedly  enantiomorphous,  but  cannot  be  partly  the  one  and 
partly  the  other. 

To  the  second  class  (b)  of  enantiomorphous  substances,  namely, 
those  in  which  the  enantiomorphism  is  purely  one  of  arrangement  of 
the  chemical  molecules  in  the  crystalline  structure,  belong  compounds 
such  as  the  cubic  tetartohedral  sodium  chlorate  and  quartz  ;  such 
substances,  of  course,  are  not  optically  active  in  the  amorphous  or 
liquid  state,  but  they  crystallise  in  enantiomorphous  systems,  and 
their  crystals  sometimes  ■  rotate  the  plane  of  polarisation,  this  being 
again  one  mode  of  expression  of  the  enantiomorphism. 

Now  the  crystallisation  of  a  substance  such  as  sodium  chlorate, 
which  does  not  consist  of  enantiomorphous  molecules,  is  obviously  a 
different  process  from  that  of  the  crystallisation  of  an  optically  active 
substance  ;  whereas  the  latter  must  invariably  give  crystals  which 
are  either  right-  or  left-handedly  enantiomorphous,  there  is  no  ctp'ioi'i 
reason  why  the  former  should  give  crystals  of  the  one  hand  in  px-efer- 
ence  to  those  of  the  other.  The  average  product  of  a  large  number 
of  crystallisations  of  sodium  chlorate  from  water  should  consist  of 
50  per  cent,  of  crystals  of  each  hand,  because  there  is  operative  an 
equal  tendency  to  deposit  dextro-  and  laevo-sodium  chlorates.  The  only 
quantitative  data  bearing  on  this  point  with  which  we  are  acquainted 
are  those  obtained  by  Landolt  {Ber.,  1896,  29,  2404),  who  has  deter- 
mined the  specific  rotation  of  the  crystalline  powder  of  sodium  chlorate, 
deposited  from  a  pure  aqueous  solution,  by  examining  it  polarimetri- 
cally  whilst  suspended  in  a  liquid  of  approximately  the  same  refractive 
index  ;  Landolt  showed  that,  taken  collectively,  the  sodium  chlorate 
crystals  were  inactive,  although  each  individual  was  either  right-  or 
left-handed.  Gernez  {Comj^t.  rend.,  1868,  QQ,  833)  also  states  that  on 
crystallising  an  aqueous  solution  of  sodium  chlorate,  it  yields  "des 

s  s  2 
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poids  a  peu  pres  cgaux  de  cristaux  des  deux  esp^ces  "  ;  no  statistics  of 
weight  or  number  of  crystals,  however,  arc  given. 

The  question  of  the  proportion  in  which  enantiomorphously  related 
crystals  are  deposited  in  the  case  of  such  substances  is  one  of  prime 
importance  for  various  reasons  :  firstly,  because  observations  with 
which  we  deal  below  are  on  record  to  the  effect  that  the  proportion  is 
not  that  of  unity  ;  and,  secondly,  because  it  is  necessary  for  our  present 
purpose  that  the  proportion  should  be  accurately  determined,  since 
we  show  in  this  paper  that  the  proportion  can  be  varied  by  bringing 
to  bear  a  suitable  enantiomorphous  or  directive  influence  during  crys- 
tallisation. We  have,  therefore,  examined  the  crystals  of  sodium 
chlorate  deposited  from  pure  aqueous  solutions  in  order  to  determine 
whether  the  ratio  of  dextro-  to  la;vo-sodium  chlorate  is  that  of  unity  ; 
since,  however,  Landolt's  method  was  not  applicable  to  the  develop- 
ment of  the  work  on  the  lines  we  proposed,  we  had  to  adopt  a  some- 
what different  mode  of  procedure.  Instead  of  showing,  as  Landolt 
did,  that  the  weights  of  the  two  enantiomorphously  related  forms  of 
sodium  chlorate  deposited  are  equal,  we  show  that  the  crystals  of  each 
kind  deposited  are,  on  the  average,  the  same  in  number. 

The  method  used  was  as  follows.  About]  200  c.c.  of  a  saturated 
aqueous  solution  of  sodium  chlorate  was  put  into  a  shallow  glass  crys- 
tallising dish  of  about  6  inches  in  diameter,  and  allowed  to  evaporate 
spontaneously ;  great  care  was  taken  to  avoid  fluctuations  of  tempera- 
ture which  caused  the  deposition  of  small  crystals  unsuitable  for 
subsequent  examination,  and  to  prevent  dust  from  getting  into  the 
solution,  as  this  seemed  to  cause  the  crystals  to  be  deposited  in  aggre- 
gates. In  properly  conducted  experiments,  each  ci'ystal  developed 
apart  from  its  fellows  as  a  right-angled  prism  ;  when  the  crop  of 
crystals  had  grown  until  most  were  some  5  mm.  or  so  in  one  direction, 
all  were  removed  from  the  licjuid,  the  faulty  ones  rejected  without 
further  examination,  and  the  sign  of  the  circular  polarisation  of  each 
remaining  crystal  determined  by  examination  in  a  polarising  microscope 
under  a  1-inch  objective.  This  was  done  simply  by  rotating  the  analyser 
and  noting  in  which  direction  extinction  occurred  ;  if  the  analyser  had 
to  be  rotated  to  the  right  to  give  extinction,  the  crystal  under  examin- 
ation was  dextrorotatory,  and  vice  versd.  All  the  crystals  deposited 
from  the  solution,  with  the  exception  of  at  most  2  or  3  per  cent., 
which  were  found  unsuitable  owing  to  opacity  or  aggregation,  were 
thus  examined  ;  and,  in  order  to  eliminate  personal  bias,  we  have 
included  in  our  tables  every  observation  of  circular  polarisation  which 
was  made,  no  crystal  being  rejected  after  its  sign  was  known  ;  this  is 
a  very  necessary  precaution,  I)ecause  we  are  concerned  with  an  average 
result. 
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The  results  of  forty-six  separate  crystallisations,  all  we  have  made, 
are  stated  in  Table  I  ;  it  will  be  seen  that  in  only  two  cases,  namely, 


Table  I. — Deposition  of  >%diuvi  CJdorate  from  a  l\ire  Aqueous 

Solution. 


1 

2 

3 

4 

5 

6 

Dextro- 

Lsevo- 

Total. 
d  +  l. 

Percentage 

Percentage 

NuniVier. 

crystals. 

crystals. 

of  dextro- 

of  Isevo- 

d. 

I. 

crystals. 

crystals. 

1 

32 

37 

69 

46-38 

63-62 

2 

38 

31 

69 

55-07 

44-93 

3 

64 

69 

133 

48-12 

51-88 

4 

23 

15 

38 

60-53 

39-47 

5 

39 

47 

86 

45-35 

54-65 

6 

19 

15 

34 

55-88 

44-12 

7 

42 

35 

77 

54-55 

45-45 

8 

24 

68 

92 

26-09 

73-91 

9 

35 

45 

80 

43-75 

56-25 

10 

20 

33 

53 

37-74 

62-26 

11 

28 

21 

49 

57-14 

42-86 

12 

14 

12 

26 

53-85 

46-15 

13 

39 

15 

54 

72-22 

27-78 

14 

7 

22 

29 

24-14 

75-86 

15 

14 

28 

42 

j        33-33 

66-67 

16 

37 

49 

86 

;        43-02 

56-98 

17 

29 

12 

41 

i        70-73 

29-27 

18 

48 

32 

80 

60-00 

40-00 

19 

29 

33 

62 

46-77 

53-23 

20 

42 

40 

82 

51-22 

48-78 

21 

37 

42 

79 

46-84 

53-16 

22 

24 

38 

62 

38-71 

61-29 

23 

61 

44 

105 

58  10 

41-90 

24 

27 

20 

47 

57-45 

42-55 

25 

51 

58 

109 

46-79 

53-21 

26 

42 

42 

84 

50-00 

50-00 

27 

28 

17 

45 

62-22 

37-78 

28 

37 

40 

77 

48-05 

51-95 

29 

24 

30 

54 

44-44 

55-56 

30 

15 

11 

26 

57-69 

42-31 

31 

25 

21 

46 

54-35 

45-65 

32 

37 

37 

74 

50-00 

50-00 

33 

36 

31 

67 

53-73 

46-27 

34 

65 

61 

126 

51-59 

48-41 

35 

27 

22 

49 

55-10 

44-90 

36 

49 

44 

93 

52-69 

47-31 

37 

41 

49 

90 

45-56 

54-44 

38 

30 

34 

64 

46-88 

53-12 

39 

47 

58 

105 

44-76 

55-24 

40 

31 

39 

70 

44-29 

55-71 

41 

31 

37 

68 

45-59 

54-41 

42 

39 

26 

65 

60-00 

40-00 

43 

41 

12 

53 

77-36 

22-64 

44 

24 

16 

40           ! 

60-00 

40-00 

45 

47 

42 

89 

52-81 

47-19 

46 

32 

36 

68 

47-06 

52-94 

t^rf-50-83. 


w.^m- 


vT/rf  =  50-08  +  0-11. 
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those  of  experiments  numbered  26  and  32  respectively,  were  equal 
numbei-s  of  dextro-  and  I?evo-rotatory  crystals  deposited,  whilst  in  all 
other  cases  either  more  or  less  than  50  per  cent,  of  the  crystals 
obtained  were  dextro-rotatory.  The  experiments  are  numbered  in  the 
order  in  which  they  were  performed,  and  in  order  further  to  eliminate 
personal  bias,  no  calculations  whatever  were  made  until  we  considered 
that  a  sufficient  number  of  experiments  had  been  completed  to  ensure 
an  accurate  average;  in  fact,  as  little  attention  as  possible  was  paid  to 
the  laboratory  lists  of  data  until  the  observations  were  concluded. 

The  method  by  which  the  means  are  calculated  needs  some  com- 
ment. If  d  and  I  be  the  numbers  of  dextro-  and  Ifevo-rotatory  crystals 
respectively  deposited  from  any  solution,  the  crop  consists  of 
\QOdj{d  +  l)  per  cent,  of  dextro-,  and  I00ll{d  +  l)  per  cent,  of  loevo- 
rotatory  individuals ;  these  values  are  stated  in  columns  5  and  6  of 
Table  I.  An  experiment,  however,  in  which  only  10  cx'ystals  are 
obtained  is  of  less  weight  than  one  in  which  100  crystals  ai-e  obtained, 
the  weight  of  an  experiment   being   directly  proportional  to  {d  +  l). 

Consequently  the   mean  value,   Ud= !x(  — ^ — \  where  n    is   the 

n    '^\d  +  lj 

number  of  experiments  cencerned,  is  only  the  vinweighted  mean  per- 
centage of  dextro-crystals  deposited.     The  weighted  mean  percentage 

of  dexti'o-crystals  is  obviously  Wd  = —  ;   the  importance  of   the 

distinction  thus  introduced  is  evident  from  the  fact  that  in  this  series 
of  experiments  ^7^  =  50-83  whilst  Wd  =  50'08.  The  weighted  mean 
percentage  of  dextro-crystals  is  much  more  nearly  50  than  is  the 
unweighted  mean. 

Although  the  numbers  given  in  Table  I  yield  a  weighted  average 
result  differing  by  only  0"08  per  cent,  from  what  was  expected  from 
theory,  it  is  still  necessary  to  calculate  the  probable  mean  squared 
error  of  the  mean.  Let  the  difference  between  the  weighted 
mean  and  one  individual   percentage   of   dextro-rotatory  crystals   be 

A  = -  W,i,  then  since  each  observation  has  the  weight  {d  + 1)  the 

probable  error  of  the  weighted  mean  is 

r-0-6745    /"Z?iM±5^^ri=.0-ll, 

and  the  final  value  Ma  for  the  weighted  mean  percentage  of  dextro- 
rotatory crystals  is  J/',;  =  50'08  ±  Oil,  and  lies  between  49'97  and 
50-10. 

We  conclude,  therefore,  that  on  allowing  sodium  chlorate  to  crystal- 
lise spontaneously  from  pure  aqueous  solutions,  on  the  average,  equal 
numbers  of  the  enantiomorphously  related  crystals  are  deposited. 

This  result  is,  as  we  have  pointed  out,  indicated  by  theory  and  there- 
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fore  supports  the  theory.  But  several  substances  which  are  not 
optically  active  in  the  amorphous  state  have  been  described  by 
certain  authors  as  separating  from  solution  in  unequal  numbers  of  two 
enautiomorphously  related  crystalline  forms.  Thus  Eakles  {Zeit. 
Krijst.^  1896,  26,  562)  states  that  on  crystallising  sodium  periodate 
from  aqueous  solutions  containing  sodium  nitrate,  more  Ifevo-  than 
dextro-rotatory  crystals  are  deposited.  Further,  Wyroubofl:  {Bull.  soc. 
min./ran^.,  1896,  19,  219)  states  that  he  has  only  obtained  dextro- 
rotatory crystals  of  potassium  silicotungstate,  K^SiW^rjO^QjlSHoO. 
Sodium  periodate  and  potassium  silicotungstate  are,  however,  com- 
pletely analogous  to  sodium  chlorate  in  that  their  enantiomorphism  is 
one  of  molecular,  not  of  atomic,  arrangement,  and  in  face  of  the  results 
now  brought  forward  the  above  statements  by  Eakles  and  Wyrouboff 
can  hardly  be  accepted  as  conclusive  until  quantitative  evidence  is 
forthcoming ;  further,  on  examining  Table  I  it  will  be  seen  that  solu- 
tions of  sodium  chlorate  sometimes  yield  four  or  five  consecutive  crops 
of  crystals  in  which  one  enantiomorphous  form  predominates,  but  yet, 
on  the  average,  equal  numbers  of  crystals  of  each  hand  are  obtained. 
Some  phenomenon  such  as  this  may  have  led  to  the  results  obtained  by 
Eakles  and  by  Wyrouboff. 

A  solution  of  an  optically  inactive  substance,  such  as  sodium  chlorate, 
which  crystallises  in  an  enantiomorphous  system  deposits  on  the  aver- 
age equal  numbers  of  crystals  of  the  enautiomorphously  related  kinds, 
because  no  directive  influence  is  brought  to  bear  which  tends  to  cause 
selective  deposition  of  one  or  other  enantiomorph.  The  conditions 
might,  however,  be  quite  different  if  in  the  crystallising  sodium 
chlorate  solution  there  were  dissolved  an  enantiomorphous  substance 
containing  an  asymmetric  carbon  atom  such  as  dextroglucose  ;  it  could 
not  be  stated  on  a  2mori  grounds  that  there  would  be  the  same 
tendency  for  dextro-  as  for  lajvo-sodium  chlorate  to  ci'ystallise  from  a 
solution  containing  dextroglucose,  and  dextro-  and  Isevo-sodiumchloi'ates 
might  have  different  solubilities  in  a  dextroglucose  solution.  Although 
as  an  abstract  principle  the  above  statement  appears  sound,  yet  no 
opinion  can  be  formed  as  to  how  great  the  directive  tendency  of  the 
dissolved  optically  active  substance  would  be,  and  it  might  well  be 
so  slight  as  to  be  practically  inappreciable.  No  experiments  bearing 
on  this  question  are  on  record,  and  we  have  therefore  examined 
the  way  in  which  several  carbohydrates  containing  asymmetric 
carbon  atoms  affect  the  crystallisation  of  sodium  chloi-ate,  the  result 
being  that  positive  evidence  of  an  influence  exerted  by  the  optically 
active  substance  in  solution  has  been  obtained. 
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Deposition  of  Sodium  Chlorate  from  a  Dextrose  Solution. 

A  quantity  of  a  nearly  saturated  aqueous  solution  of  sodium  chlorate  was 
gently  warmed  with  dextroglucose  until  the  latter  was  wholly  dissolved; 
the  colourless  solution  which  then  contained  200  grams  of  dextrose  per 
litre  was  filtered  and  placed  in  crystallising  dishes  of  about  6  in. 
diameter.  The  liquid  thusobtained  showed  no  evidenceof  chemical  change 

Table  II. — Crystals  of  Sodium  Chlorale  deposited  from  a  Solution 
containing  200  grams  of  Dextrose  per  Litre. 


Dextro- 

Lffivo- 

Total. 
d^l. 

Percentage 

Percentage 

Nufiiber. 

crystals. 

crystals. 

of  dextro" 

of  laevo- 

d. 

/. 

crystals. 

crystals. 

1 

32 

71 

103 

31  07 

68-93 

2 

47 

89 

136 

34-56 

65-44 

3 

44 

107 

151 

29-14 

70-86 

4 

24 

51 

75 

32-00 

68-00 

5 

37 

70 

107 

34-58 

65-42 

6 

19 

27 

46 

41-30 

58-70 

7 

39 

91 

130 

3000 

70-00 

8 

42 

46 

8S 

47-73 

52-27 

9 

28 

64 

92 

30-43 

69-57 

10 

31 

66 

97 

31-96 

68-04 

11 

29 

79 

108 

26  85 

73-15 

12 

36 

104 

140 

25-71 

74-29 

13 

17 

38 

55 

30-9] 

69-09 

14 

42 

96 

138 

30-43 

69-57 

1.5 

9 

21 

30 

30-00 

70-00 

16 

25 

63 

88 

28-41 

71-59 

17 

39 

84 

123 

31-71 

68-29 

18 

21 

43 

64 

32-81 

67-19 

19 

26 

61 

87 

29-89 

70-11 

20 

30 

79 

109 

27-52 

72-48 

21 

37 

65 

102 

36-27 

63-73 

22 

23 

51 

74 

31-08 

68  92 

23 

40 

76 

116 

34-48 

65-52 

24 

49 

113 

162 

30-25 

69-75 

2.5 

15 

24 

39 

38-46 

61-54 

f/,,  =  32-30. 


;rrf= 31-75. 


having  occurred,  and  on  cooling  deposited  no  crystals  ;  on  allowing  the 
rather  syrupy  solution  to  evaporate  spontaneously  in  the  air  at  constant 
temperature  and  in  as  complete  absence  of  dust  as  possible,  large,  well- 
developed  crystals  of  sodium  chlorate  began  to  separate  after  a  week 
or  so.  These  crystals  were  separated  as  before,  being  sorted  into 
dextro-  and  Ircvo-crystals  ;  the  results  are  given  in  Table  II.  After 
examination,  the  crystals  were  dissolved  in  the  minimum  quantity  of 
hot  water,  the  solution  mixed  with  the  mother  licjuor,  and,  after  filtra. 
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tion,  the  liquid  was  again  put  to  crystallise.     The  same  precautions  to 
avoid  personal  bias  were  taken  as  in  the  preceding  case. 

The  results  quoted  in  this  table  show  distinctly  that  an  optically 
active  enantiomorphous  substance  dissolved  in  a  solution  of  a  purely  crys- 
tallographically  enantiomorphous  compound  materially  affects  the 
proportion  in  which  the  enantiomorphously  related  crystals  are 
deposited.  More  than  twice  as  many  Isevo-  as  dextro-rotatory  crystals 
of  sodium  chlorate  are  deposited  from  a  sodium  chlorate  solution 
containing  20  per  cent,  of  dextrose.  It  is  further  not  easy  to  realise 
that  this  directive  influence  could  be  attributed  to  chemical  action  ; 
the  crystals  deposited  consist  of  sodium  chlorate  and  the  preponder- 
ance of  the  la3VO-rotatory  crystals  apparently  has  a  purely  physical 
cause. 

Deposition  of  Sodium  Chlorate  from  Mannitol  Solution. 

It  has  been  noted  above  that  circular  polarisation  is  only  one  mode 
of  expression  of  enantiomorphism.  It  would  not  be  expected,  there- 
fox'e,  that  the  magnitude  of  the  specific  rotation  of  a  dissolved  substance 
should  be  directly  connected  with  the  influence  which  the  latter  sub- 
stance exerts  on  the  proportion  in  which  enantiomorphously  related 
crystals  are  deposited.  The  related  factor  is  the  enantiomorphism, 
which,  in  the  case  of  dextrose,  is  an  enantiomorphism  of  atomic 
arrangement,  and  in  that  of  the  sodium  chlorate  an  enantiomorphism 
of  molecular  arrangement.  In  order  to  test  the  truth  of  this  view, 
experiments  were  made  with  mannitol,  which,  although  an  enantiomor- 
phous substance,  is  practically  inactive  in  aqueous  solution  ;  Miintz 
and  A-ubin  [Ann.  chim.  j^hys.,  [v],    10,  533)  found  it  to  be  inactive  in 


Table  III. — Crystals  of  Sodium  Chlorate  deposited  from  a 
Solution  containing  50  grams  of  Mannitol  per  Litre. 


Dextro- 

Lffivo- 

Total. 

d\l. 

Percentage 

Percentage 

Number. 

crystals. 

crystals. 

of  dextro- 

of  IffiVO- 

d. 

I. 

crystals. 

crystals. 

1 

7 

9 

16 

43-75 

56-25 

2 

5 

6 

11 

45-45 

54-55 

3 

6 

7 

13 

46-15 

53-85 

4 

7 

5 

12 

58-33 

41-67 

5 

37 

64 

101 

36-63 

63-37 

6 

1 

1 

2 

50-00 

50-00 

7 

1 

2 

3 

33-33 

66-67 

8 

34 

11 

45 

75-56 

24-44 

9 

4 

15 

19 

21-05 

78-95 

10 

8 

13 

21 

38-10 

61-90 

11 

8 

10 

18 

44-44 

55'56 

t^d^44-80. 


rd  =  44-83, 
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aqueous  solution,  and  Bouchardat  {Comjyt.  rend.,  80,  120)  assigns  to  it 
tho  specific  rotation  [a]D=  -0-25°,  whilst  dextroglucose  has  a  high 
specific  rotatory  power  greater  than  [a]D  =  50°. 

Owing  to  the  sparing  solubility  of  mannitol,  less  of  this  carbohydrate 
was  dissolved  than  in  the  case  of  dextrose.  Each  litre  of  saturated 
sodium  chlorate  solution  had  dissolved  in  it  50  gi-ams  of  carefully 
purified  mannitol  ;  the  solution  was  put  to  crystallise,  and  the  crystals 
were  examined  as  befoi'e,  with  the  sole  exception  that  we  did  not  take 


Table  IV. — Crystals  of  Sodium  Chlorate  deposited  from  a  Sohction 
containing  60  grams  of  Ma)initol  ^jer  Litre. 


Dextro- 

Lasvo- 

Total. 
d+l. 

Percentage 

Perceutage 

Number. 

ciystals. 

crystals. 

of  dextro- 

of  laevo- 

d. 

L 

crystals. 

crystals. 

1 

5 

6 

11 

45-45 

54-55 

2 

.     4 

13 

17 

23-53 

76-47 

3 

3 

10 

13 

23-08 

76-92 

4 

10 

9 

19 

52-63 

47-37 

5 

4 

6 

10 

40-00 

60-00 

6 

3 

4 

7 

42-86 

57-14 

7 

7 

9 

16 

43-75 

56-25 

8 

9 

8 

17 

52-94 

47-06 

9 

7 

11 

18 

38-89 

61-11 

10 

G 

13 

19 

31-58 

68-42 

11 

11 

24 

35 

31-43 

68-57 

12 

21 

36 

57 

36-84 

63-16 

13 

13 

16 

29 

44-83 

55-17 

H 

19 

18 

37 

51-35 

48-65 

15 

14 

20 

34 

41-18 

58-82 

16 

11 

19 

30 

36-67 

63-33 

17 

27 

36 

63 

42-86 

57-14 

18 

17 

28 

45 

37-78 

62-22 

19 

19 

41 

60 

31-66 

68-34 

20 

21 

16 

37 

1        56-76 

43-24 

21 

7 

12 

19 

36-84 

63-16 

22 

39 

57 

96 

40-63 

59-37 

23 

22 

34 

56 

:        39-29 

60-71 

24 

36 

59 

95 

'        37-89 

62-11 

2.5 

27 

14 

41 

i        65-85 

3<-15 

26 

19 

29 

48 

1        39-58 

60-*2 

27 

11 

26 

.37 

29-73 

70-27 

28 

31 

48 

79 

39-24 

60-76 

29 

7 

11 

18 

38-89 

61-11 

30 

3 

9 

12 

25  00 

75-00 

31 

14 

10 

24 

58-33 

41-67 

32 

39 

62 

101 

38-61 

61-39 

33 

24 

37 

61 

39-34 

60-66 

34 

12 

20 

32 

37-50 

62-50 

35 

14 

n 

29 

48-28 

51-72 

36 

10 

17 

27 

37-04 

62-96 

?,7 

K) 

21 

37 

43-24 

56-76 

I7d=40-58. 


/r,(  =  40-55. 
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any  special  precautions  to  keep  the  liquid  dust-free.  The  results  are 
summarised  in  Table  III. 

The  results  show  that,  whilst  the  weight  of  the  mannitol  used  was 
only  one-fourth  of  the  weight  of  dextroglucose  used  in  the  previous 
experiments,  the  deviation  from  equal  proportions  of  dextro-  and  Itevo- 
sodium  chlorate  deposited  is  about  one-third  as  great  with  the  mannitol 
as  with  the  dextrose  solutions.  Weight  for  weight,  then,  in  spite  of 
its  scarcely  perceptible  rotatory  power  in  aqueous  solution,  mannitol 
would  seem  to  exert  at  least  as  great  a  directive  influence  as  dextrose 
in  experiments  of  this  kind. 

Another  series  of  experiments  was  made  with  a  slightly  stronger 
solution  of  mannitol,  namely,  one  containing  60  grams  of  mannitol  per 
litre  of  saturated  sodium  chlorate  solution,  and  the  results  tabulated 
in  Table  IV  will  be  seen  to  show  a  greater  diminution  in  the  number 
of  dextro-sodium  chlorate  crystals  deposited ;  care  was  taken  in  this 
case  to  keep  the  solutions  dust-free  and  at  uniform  temperature.  We 
do  not  lay  much  stress  upon  the  percentage  of  carbohydrate  present  in 
the  solution,  as  although  we  know  the  amount  put  into  the  solution, 
we  do  not  know  exactly  what  proportion  was  present  during  crystal- 
lisation after  a  certain  amount  of  water  had  necessarily  evaporated. 

Although  mannitol  is  nearly  inactive  in  aqueous  solution,  yet  it  was 
just  possible  that  the  sodium  chlorate  might  exert  an  influence  similar 
to  that  of  boric  acid  and  increase  the  specific  rotatory  power  very  con- 
sidei'ably.  In  order  to  gain  information  on  this  point,  quantities  of 
2,  3,  4,  and  6  grams  of  mannitol  were  dissolved  and  made  up  to  100  c.c. 
with  saturated  sodium  chlorate  solution,  and  examined  polarimetrically  ; 
in  no  case  could  rotation  be  observed  in  400  mm.  tubes,  showing  that 
the  rotation  was  less  than  3  or  4  minutes.  The  specific  rotatory  power 
of  mannitol  in  saturated  sodium  chlorate  solution  is  thus  of  the  same 
order  as  in  aqueous  solution ;  this  may  perhaps  be  considered  as 
corroborative  evidence  of  the  absence  of  chemical  action  between  the 
sodium  chlorate  and  the  carbohydrate. 

Crystals  of  Sodium  Chlorate  deposited  from  Isodulcitol  Solution. 

A  few  experiments  made  with  a  saturated  solution  of  sodium  chlorate 
containing  50  grams  of  isodulcitol  per  litre  indicated  that  such  solu- 
tions deposit  a  greater  number  of  crystals  of  dextro-  than  of  laevo- 
sodium  chlorate.  The  quantity  of  isodulcitol  at  our  disposal  was,  how- 
ever, small,  and  as  we  had  already  obtained  ample  experimental  evidence 
that  optically  active  substances  in  solution  do  exert  a  directive  or 
enantiomorphous  influence  on  the  kind  of  crystal  deposited,  the  experi- 
ments wex*e  not  carried  out  in  detail. 
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Crystals  of  Sodium  Chlorate  deposited  from  Solutions  containing 

Dulcitol. 

Until  recently  there  has  been  some  doubt  as  to  whether  dulcitol  is, 
or  is  not,  an  enantiomorphous  substance,  but  the  work  of  Crossley 
(Ber.,  1892,  25,  2564)  and  others  has  definitely  shown  that  this  carbo- 
hydrate is  not  enantiomorphous.  It  seemed  of  interest,  however,  to 
determine  the  proportion  in  which  dextro-  and  Isevo-sodium  chlorate 


Table  Y. — Crystals  of  Sodium  Chlorate  deposited  from  Solutions 

containing  20  grams  of  Dulcitol  per  Litre. 


Dextro- 

Lsevo- 

Total. 
d  +  l. 

Percentage 

Percentage 

Number. 

crystals. 

crystals. 

of  (iextro- 

of  lajvo- 

d. 

I. 

crystals. 

crystals. 

1 

36 

44 

80 

45-00 

55-00 

2 

54 

58 

112 

48-21 

51-79 

3 

27 

19 

46 

58-70 

41-30 

4 

26 

31 

57 

45-61 

54-39 

5 

46 

25 

71 

64-79 

35-21 

6 

26 

25 

51 

50-98 

49-02 

7 

17 

23 

40 

42-50 

57-50 

8 

32 

41 

73 

43-84 

56-16 

9 

36 

41 

77 

46-75 

53-25 

10 

19 

24 

43 

44-19 

55-81 

11 

42 

33 

75 

56-00 

44-00 

12 

21 

21 

42 

50-00 

50-00 

13 

34 

27 

61 

55-74 

44-26 

14 

26 

18 

44 

59-09 

40-91 

15 

34 

26 

60 

56-67 

43-33 

16 

29 

24 

53 

54-72 

45-28 

t/d  =  5r42. 


/r<^  =  51-27. 


separate  from  solutions  containing  dulcitol,  but  owing  to  the  sparing 
solubility  of  dulcitol  in  water  or  sodium  chlorate  solution,  little  positive 
evidence  could  be  obtained.  The  saturated  sodium  chlorate  solution 
contained  20  grams  of  dulcitol  per  litre,  and  the  results,  wl;ich  are 
given  in  Table  V,  show  that  nearly  equal  numbers  of  dextro-  and  Ikvo- 
sodium  chlorate  crystals  are  deposited.  It  ought  to  be  observed  that 
we  should  not  be  justified  in  drawing  the  conclusion  that  a  substance  is 
not  enantiomorphous  from  experiments  of  the  kind  described  in  the 
present  paper  ;  we  could,  however,  conclude  with  certainty  that  a  com- 
pound was  enantiomorphous  if  the  value  of  W^  differed  considerably 
from  50. 

The  results  described  in  the  preceding  pages  are  summarised  in 
Table  VI,  and  allow  of  the  deduction  of  the  following  conclusions. 

1 .  On  crystallising  a  substapce  wjiich  is  not  enantiomorphous  va  the 


KIPPING   AND   POPE:   ENANTIOMORPHISM. 
Table  YI.- — Comjxirison  of  Jiestdts. 


617 


Solution. 

Number  of 

Uu. 

m. 

Pure  NaClO.j  solution   

46 
25 
11 
37 
16 

3137 
2460 

261 
1386 

985 

50-83 
32-30 
44-80 
40-58 
51-42 

50-08 

NaClOg  sol.   +20  ])or  cent. 
+  5 
+  6 
+  2 

dextrose  

nianuitol 

duleitol    

31-75 
44-83 
40-65 
51-27 

amorphous  state,  but  is  enantiomorphous  in  the  crystalline  state,  under 
conditions  such  that  no  enantiomorphous  influence  is  brought  to  bear, 
equal  numbers  of  the  enantiomorphously  related  crystals  are  on  the 
average  deposited. 

2.  On  crystallising  a  substance  which  is  not  enantiomorphous  in  the 
amorphous  state,  but  is  enantiomorphous  in  the  crystalline  state,  the 
average  ratio  of  the  numbers  in  which  the  enantiomorphously  related 
crystals  are  deposited  may  be  made  to  differ  from  unity  by  introducing 
into  the  crystallising  solution  a  substance  which  is  enantiomorphous  in 
the  amorphous  state. 

3.  The  results  obtained  by  crystallising  sodium  chlorate  from  solu- 
tions containing  mannitol  indicate  that  the  deflection  of  the  ratio  of 
dextro-  to  Isevo-crystals  of  sodium  chlorate  deposited  is  not  directly 
dependent  on  the  specific  rotatory  power  of  the  dissolved  substance  ;  in 
doubtful  cases,  it  might  be  possible  to  prove  that  a  substance  is 
enantiomorphous  in  the  amorphous  state  by  examining  crystals  of 
sodium  chlorate  deposited  from  its  aqueous  solution. 

4.  The  enantiomorphism  of  a  chemical  nature  of  one  substance  may 
influence  the  enantiomorphism  of  a  purely  physical  or  crystallographic 
nature  of  another  substance. 

Attention  should  be  drawn  to  the  analogy  between  the  results  now 
recorded  and  those  which  we  have  recently  obtained  by  crystallising 
sodium  ammonium  dextro-  and  Ijevo-tartrates  from  solutions  contain- 
ing dextroglucose  (Proc,  1898,  113).  On  crystallising  an  externally 
compensated  mixture  of  the  two  tartrates  from  an  aqueous  solution 
containing  dextrose,  the  first  crop  contains  a  large  excess  of  sodium 
ammonium  dextrotartrate ;  the  dextrotartrate  thus  appears  to  be  less 
soluble  than  its  Isevo-isomeride  in  dextrose  solution,  just  as  Isevo-sodium 
chlorate  seems  to  be  less  soluble  than  its  dextro-isomeride  in  dextrose 
solution.     Further  experiments  respecting  these  points  are  in  progress. 

Chemical  Department,  Chemical  Department, 

University  College,  Goldsmiths'  Institute, 

Nottingham.  .  London,  S.E. 
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LXIV. — Soluhility  of  Isomeric  Substances. 

By  James  Walker  and  John  K.  Wood. 

Carnelley  and  Thomson  (Trans.,  1888,  53,  782),  from  an  extensive 
investigation  of  published  data,  and  from  experiments  made  in  this 
hxboratory,  formulated  the  following  rules  concerning  the  solubility  of 
isomorides. 

1.  For  a  group  of  isomeric  organic  substances,  the  order  of  solu- 
bility is  also  the  order  of  the  melting  points,  the  most  soluble  isomeride 
being  the  most  easily  fusible. 

2.  The  order  of  solubility  is  always  the  same,  independent  of  the 
solvent  employed, 

3.  The  ratio  of  the  solubilities  of  two  isomerides  is  nearly  indepen- 
dent of  the  nature  of  the  solvent. 

As  experimental  data  were  wanting  for  the  establishment  of  the 
last  rule,  they  performed  a  series  of  experiments  on  the  solubility  of 
para-  and  meta-nitraniline  in  various  solvents,  and  found  that  the  ratio 
of  the  solubility  of  the  meta-  to  the  para-compound  varied  between 
1-15  and  1'48  ;  or,  if  we  exclude  water  and  methylic  alcohol,  for  which 
these  extreme  values  were  obtained,  the  variation  for  1 1  solvents  is  only 
between  1*21  and  1*35.  The  authors  announced  their  intention  to 
extend  their  investigation  to  other  substances,  and  also  to  ascertain 
the  effect  of  temperature  on  the  ratio,  if  any  ;  but  the  death  of  Pro- 
fessor Carnelley  prevented  the  execution  of  this  project.  With  Dr. 
Thomson's  consent,  we  have  undertaken  a  continuation  of  the  research, 
and  now  publish  the  results  we  have  arrived  at. 

It  is  well  known  that  salicylic  acid  and  pai'ahydroxybenzoic  acid 
can  be  easily  separated  by  means  of  chloroform,  but  if  rule  3  were 
even  approximately  true,  it  is  evidently  a  matter  of  indifference, 
so  far  as  the  success  of  the  separation  is  concerned,  what  solvent 
is  used.  We  therefore  suspected  that  this  case  would  prove  an  excep- 
tion to  the  rule,  and  subjected  the  solubility  of  the  three  isomeric 
hydroxybenzoic  acids  to  an  investigation  with  water,  .acetone,  ether, 
and  benzene  as  solvents,  temperature  experiments  being  performed 
with  water  and  benzene.  These  solvents  were  chosen  on  account  of 
the  very  different  associative  power  they  exercise  on  substances  dis- 
solved in  them  ;  in  benzene,  the  associative  power  is  greatest ;  in  water, 
it  is  non-existent,  being  replaced,  rather,  by  a  dissociative  power  in  the 
case  of  acids ;  acetone  and  ether  are  intermediate. 
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Acidimetry  of  Salicylic  Acid   and  its  Isovierides. 

As  the  solutions  of  salicylic  acid  in  water  at  low  temperatures  are 
necessarily  very  dilute,  it  was  of  importance  to  find  an  indicator  which 
would  indicate  sharply  the  point  of  neutralisation  by  a  dilute  solution 
of  an  alkali.  Phenolphthalein,  which  is  the  usual  indicator  employed 
for  salicylic  acid,  we  found  to  be  extremely  unsatisfactory,  the  end- 
point  being  indefinite.  Methyl-orange,  litmus,  lacmoid,  and  other  acidic 
indicators  are  likewise  vinsuited  to  the  purpose,  but  we  found  that 
Congo-red  yielded  excellent  results ;  this  indicator  changes  colour 
sharply  when  the  carboxyl  group  is  neutralised,  and  remains  quite 
unaffected  by  the  presence  of  the  phenolic  hydroxyl  group.  A  solution 
of  baryta,  which  was  the  alkali  we  always  used,  standardised  with  pure 
succinic  acid  (phenolphthalein  being  the  indicator),  was  found  to  con- 
tain 0'001370  gram  of  baryta  per  cubic  centimetre  ;  standardised 
against  a  weighed  quantity  of  salicylic  acid,  with  Congo-red  as  indi- 
cator, it  apparently  contained  0-001368  gram  per  c.c.  Again,  a  weighed 
quantity  of  salicylic  acid  was  dissolved  in  water,  and  titrated  with  a 
known  baryta  solution  ;  the  quantity  of  salicylic  acid  estimated  in  this 
way  was  0'164:4  gram,  the  quantity  taken  being  0'1642  gram.  A 
similar  experiment  with  parahydroxybenzoic  acid  gave  0'1659  gram 
instead  of  0"1660  gram. 

It  was  ascertained  that  solutions  of  the  acids  in  ether  or  acetone 
could  be  titrated  directly  with  baryta  and  Congo-red,  after  previously 
diluting  with  water.  In  the  case  of  benzene,  the  solvent  had  to  be 
driven  off  by  evaporation  before  the  titration  covild  be  performed  ;  if 
the  evaporation  was  carried  out  at  the  ordinary  pressure,  part  of  the 
salicylic  acid  was  lost  as  vapour,  but  vinder  diminished  pressure  no  loss 
took  place;  thus  0'0221  gram  dissolved  in  50  c.c.  of  benzene,  evapor- 
ated under  diminished  pressure,  dissolved  in  water,  and  titrated,  gave 
00223  gram. 

Solubility  of  Salicylic  Acid. 

In  every  case  we  arrived  at  the  saturation  point  of  the  solution  from 
opposite  directions  ;  an  unsaturated  and  a  supersaturated  solution  were 
kept  in  presence  of  the  solid  substance,  in  a  bath  of  constant  tempera- 
ture, until  after  filtration  both  solutions  showed  the  same  concentration. 
The  solutions  were  usually  agitated  by  means  of  stirrers  driven  by  a 
small  turbine,  but  at  the  higher  temperatures  this  was  sometimes  found 
to  be  unnecessary,  equilibrium  being  reached  very  rapidly  with  only 
occasional  agitation  by  hand.  The  filtration  took  place  by  suction, 
within  the  solution  itself,  while  it  was  still  in  the  bath  of  constant 
temperature. 
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Our  results  are  given  in  the  following  table,  the  solubilities  being 
expressed  in  grams  per  hundred  grams  of  solvent. 


Temperature. 

Solubility. 

Temperature. 

Solubility. 

12-1° 

0-1395 

48-6° 

0-511 

23-0 

0-204 

56-0 

0-688 

28-1 

0-247 

64-0 

0-996 

34-4 

0-305 

66-0 

1-17 

38-7 

0-359 

75-0 

1-76 

The  values  obtained  for  the  solubility  of  salicylic  acid  by  previous 
observers  are  surprisingly  divergent.  Bourgoin  {Bull.  Soc.  Chim.,  [ii], 
31,  57)  made  a  series  of  determinations  from  0°  to  75°,  with  every 
appearance  of  accuracy,  yet  his  results  differ  altogether  from  those  of 
Alexeeff,  Kolbe,  Ost,  and  others.  For  example,  Alex^eff  finds  at  12-5° 
the  solubility  0-16,  while  Bourgoin  finds  0-206  at  the  same  temperature. 
At  66°,  Alexeeff  finds  1-27,  and  Bourgoin  1-63.  Kolbe  and  Lautemann 
find  0092,  and  Ost  0-091  to  0-093  for  the  solubility  at  0°;  Bourgoin 
finds  0-15.  Thus  Bourgoin's  results  are  sometimes  50  per  cent,  above 
those  of  other  investigators.  Our  own  numbers  are  considerably 
under  Bourgoin's  ;  indeed,  if  we  increase  ours  by  half  their  value,  we 
obtain  numbers  which  are  very  nearly  identical  with  the  values 
obtained  by  Bourgoin.  This  is  exhibited  in  the  following  table,  where 
the  values  for  corresponding  temperatures  are  compared. 

10°. 

W.  and  W 0-129 

W.  andW.  X  1-5...  0-193 
Bourgoin  0-190 

We  are  not  in  a  po.sition  to  explain  this  great  and  constant  per- 
centage difference  between  Bourgoin's  results  and  our  own  ;  we  have 
checked  our  method  and  numbers  repeatedly,  and  have  always  arrived 
at  .sensibly  the  same  figures.  An  examination  of  Bourgoin's  paper  shows 
no  source  of  error,  but  in  consideration  of  the  fact  that  his  values  for 
the  solubility  differ,  not  only  from  ours,  but  from  those  of  all  other 
observers,  we  are  forced  to  conclude  that  his  numbers  are  affected  by 
.some  error  in  a  constant  ratio.  The  only  probable  assumption  to  make 
is,  that  he  did  not  work  with  pure  salicylic  acid  at  all,  although  he 
states  that  the  acid  lie  employed  was  a  very  pure  synthetic  acid  ;  the 
solubilities  of  the  other  isomerides  are  gi'eater  than  the  .solubility  of 
.salicylic  .icid,  and  the  para-acid  was  a  likely  impurity  in  a  salicylic  acid 
prepared  synthetically  twenty  years  ago.  If,  therefore,  Bourgoin's  acid 
contained  parahydroxybenzoic  acid  as  an  impurity,  it  would  give  num- 
bers for  the  solubility  in  excess  of  those  obtained  for  pure  salicylic  acid  ; 
the  excess  of  50  per  cent,  is,  however,  almost  too  great  and  too  constant 


20". 

30'. 

40°. 

50°. 

60°. 

70°. 

0-184 

0-264 

0-377 

0-540 

0-820 

1-32 

0-276 

0-396 

0-565 

0-810 

1  -230 

1-98 

0-270 

0-390 

0-555 

0-800 

1-225 

1-99 
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to  be  explicable  in  this  way.  In  ox'der  to  make  certain  that  the  sali- 
cylic acid  we  ourselves  employed  was  pure,  we  recrystallised  a  quantity 
successively  from  water  and  from  benzene,  and  found  that  the  solu- 
bility and  the  melting  point  remained  unchanged. 

To  express  the  variation  of  the  solubility  of  salicylic  acid  with 
temperature,  Bourgoin  gives  the  following  formula  for  the  range 
between  0°  and  35°. 

aS'=  0-0002  («2  +  io<  + 750). 

Two-thirds  of  the  values  of  ^S'  obtained  from  this  equation  will  express 
our  numbei"s  with  fair  accuracy.  We  find,  however,  that  a  foi^mula  of 
the  type  proposed  by  Nordenskj(3ld  is  quite  as  accurate  and  equally 
simple,  while  it  extends  over  a  larger  range  of  temperature.  It  has 
the  form 

Log  >S'=  0-01556^-1 -0458, 

and  holds  good  between  0°  and  56°.     The  calculated  and  observed 


values 

are  given  below. 

0°        12-1°      230° 

28-1° 

34-4° 

38-7° 

48-6° 

56° 

Obs. 

0-092     0-139     0-204 

0-247 

0-305 

0-359 

0-511 

0-688 

Calc. 

0-090     0-139     0-205 

0-246 

0-309 

0-360 

0-513 

0-669 

Above  60°,  the  formula  is  no  longer  valid. 

The  values  obtained  for  the  solubility  of  salicylic  acid  in  benzene 
are  given  below,  the  solubility  being  again  expressed  in  parts  of 
salicylic  acid  dissolved  by  100  parts  by  weight  of  the  solvent. 

t       11-7°        18-2°        30-5°         34-6°        36*6°        49-4°        64-2° 
S      0-460       0-579        0-991        1-261        1-430        2-380        4-40 

In  this  case,  the  solubility  cannot  be  expressed  by  a  formula  of  the 
simple  Nordenskjold  type.  What  here  holds  good  of  salicylic  acid 
also  holds  good  of  its  isomerides ;  in  each  case,  the  valuation  of  the 
solubility  in  water  with  the  temperature  can  be  expressed  by  a  simple 
logarithmic  formula,  whilst  the  variation  of  the  solubility  in  benzene 
cannot  be  so  expressed. 

Determinations  of  the  solubility  of  the  acid  in  acetone  and  in  ether 
gave  the  following  resvilts.  100  c.c.  of  the  acetone  solution  at  23°  con- 
tained 31-3  grams  of  the  acid ;  and  100  c.c.  of  the  ethereal  solution  at 
17°  contained  23-4  grams. 

Solubility  of  Metahydroxybenzoic  Acid. 

The  following  table  gives  the  number  of  grams  of  metahydroxy- 
benzoic acid  dissolved  by  100  grams  of  water  at  different  temperatures. 

t  13-3°  18-8°         24-3°         30-9°         36-2°         51-0° 

S        0-668         0-843        1-054        1-380        1-787        3-167 
VOL.   LXXIII.  T   T 
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These  results  are  well  expressed  by  the  logarithmic  formula, 

Log  <S'=0-01793«- 0-4118. 

Extrapolating  by  means  of  this  formula,  we  get  the  value  0'388  for 
the  solubility  at  0° ;  Ost  found  for  this  temperature  0'377  ;  Fittica 
found  0"924  for  18°,  our  value  for  the  same  temperature  being  0'815. 
The  solubility  in  benzene  is  much  less  than  the  solubility  in  water, 
as  the  following  table  shows,  the  quantities  being  again  grams  of  acid 
in  100  "rams  of  solvent. 


t 

25-0° 

34-1° 

46-0° 

58-0° 

64-0° 

s 

0-0101 

0-0141 

0-0234 

0-0435 

0-0592 

For  the  solubility  in  acetone,  we  found  that  100  c.c.  of  the  solution 
contained  26*0  grams  of  acid  at  23-0°  ;  100  c.c.  of  ethereal  solution  at 
17-0°  contained  9  7  3  grams  of  the  acid. 

Solubility  of  Parahydroxyhenzoic  Acid. 

The  solubility  of  the  para-acid  is  intermediate  between  the  solu- 
bilities of  the  ortho-  and  meta-compounds  in  the  case  of  water,  but 
smaller  than  either  in  the  case  of  benzene.  The  results  are  given  as 
before  in  grams  of  acid  dissolved  by  100  grams  of  solvent. 

"Water, 
t         12-7°         20-9°         34-4°         39-4°         46-0°         54'6° 
*S'       0-307        0-492        0-987        1-211        1-815        2-740 


Benzene. 

t 

11-0^ 

33  0°            49-0° 

64-0° 

80-0° 

s 

0-00197 

0-00571        0-0155 

0-0350 

0-0660 

Again  the  solubility  in  water  is  expressible  by  a  simple  logarithmic 
formula,  namely 

Log  A'=00227<- 0-7972. 

According  to  this  formula,  the  solubility  at  0°  is  0-160,  the  value 
found  ])y  Ost  being  0-172.  Saytzeff  gives  the  solubility  at  15"  as 
0793,  which  is  far  in  excess  of  our  value  0-349. 

In  100  c.c.  of  acetone  solution  at  23°  there  are  22-7  grams  of  the 
acid,  :iiul  in  100  c.c.  of  ethereal  solution  at  17°  thci'c  are  9-43  grams. 

Comparison  of  Results. 

The  influence  of  the  solvent  on  the  solubility  ratios  of  the  isomerides 
is  apparent  from  the  following  table  (p.  625).  In  it  the  [solubilities 
.are  given  for  30'^  in  the  case  of  water  and  benzene,  23°  in  the  case  of 
acetone  and  17"'  in  the  case  of  ether. 
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Solvent. 

Oitho. 

Meta.         Piira. 

0/M. 

0/P. 

M/P. 

"Water... 

0-264 

1-337     0-765 

0-197 

0-345 

1-75 

Acetone 

31-2 

26-0       22-7 

1-20 

1-38 

1-15 

Ether  ... 

23-4 

9-73       9-43 

2-40 

2-48 

1-03 

Benzene. 

0-97 

0-0121  0-0052 

80-2 

187-0 

2-33 

It  is  obvious  that  there  is  here  no  constancy  in  the  ratios  contained 
in  the  last  three  columns.  The  solubilities  in  water  and  in  benzene 
are,  it  is  true,  expressed  in  a  slightly  different  manner  from  the  solu- 
bilities in  acetone  and  in  ether,  but  altering  all  the  solubilities  to  grams 
in  100  c.c.  of  solution  leaves  the  ratios  unaffected.  In  water,  salicylic 
acid  is  considerably  less  soluble  than  its  isomerides  ;  in  the  other  sol- 
vents it  is  more  soluble,  especially  so  in  benzene,  which  is  a  solvent  of 
the  same  type  as  chloroform,  the  liquid  usually  employed  to  effect  the 
separation  of  the  synthetic  salicylic  acid  from  the  isomeric  acids  accom- 
panying it. 

It  has  been  held  that  the  solubility  of  a  solid  in  water  is  regulated, 
not  by  the  total  amount  dissolved,  but  by  the  vindissociated  amount  in 
the  solution.  Considering  the  solubility  from  this  point  of  view,  how- 
ever, renders  the  difference  of  the  0/P  ratio  in  water  and  in  benzene 
even  greater  than  before,  as  the  ortho-acid  is  more  dissociated  than  the 
other,  so  that  an  explanation  cannot  be  sought  for  in  the  theory  of 
electrolytic  dissociation. 

The  effect  of  temperature  on  the  ratio  can  best  be  seen  in  the  curves  of 
the  accompanying  figure,  p.  624,  where  tempei-atures  have  been  plotted 
on  the  horizontal  axis,  and  solubilities  in  water  on  the  vertical  axis.  The 
curves  have  further  been  made  to  coincide  at  one  temperature,  namely, 
lO'',  by  multiplying  the  solubilities  of  the  meta-  and  para-acids  by  0-22 
and  0-48  respectively;  if  the  ratios  of  the  solubilities  were  independent 
of  the  temperature,  the  curves  would  then  coincide  throughout  their 
entire  lengths,  which  is  not  in  accordance  with  the  data. 

The  same  holds  good  for  the  effect  of  temperature  on  the  solubility 
ratios  in  benzene.  The  reduced  curves  are  again  divergent,  only  in 
this  case  the  ortho-  and  meta-curves  lie  much  closer  together,  and  cut 
each  other  again  at  about  60°  if  originally  made  to  cut  at  25°.  The 
effect  of  temperature  on  the  0/M  ratio  in  benzene  thus  appears  to  be 
small  in  the  i-ange  examined,  but  at  higher  temperatures  the  divergence 
of  the  curves  would  become  large,  and  the  effect  on  the  ratio  corre- 
spondingly great. 

Solubility  of  Substituted  Carbamides,  C^HgN'CO'NHg. 

As  we  did  not  consider  that  acids  afforded  a  fair  test  of  the  general 
applicability  of  the  rule  of  constant  ratios,  owing  to  their  tendency  to 
dissociation  in  acjueous  solutions  and  to  association  in  benzene  solu- 
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tions,  we  made  a  series  of  solubility  determinations  of  benzylcarbamide 
and  its  isomerides,  in  which  substances  both  of  these  tendencies  are 
small  or  entirely  absent.  The  compounds  we  investigated  were  benzyl- 
carl)amide  melting  at  149°,  unsymmetrical  methylphenylcarbamide 
melting  at  82°,  orthotolylcarbamide  melting  at  185°,  and  paratolyl- 
carbamide  melting  at  173°.  The  mode  of  investigation  was  to  evapo- 
rate a  measured  volume  of  the  saturated  solution  in  a  tared  vessel  and 
weigh  the  residue  ;  this  method  gave  fairly  satisfactory  results  even 
with  water  as  solvent  if  the  evaporation  were  conducted  on  a  water 
bath.  For  example,  0*044:7  gram  of  benzylcarbamide,  when  dissolved 
in  water  and  the  solution  evaporated  to  dryness,  lost  only  O'OOOl  gram. 
The  only  case  where  the  loss  under  our  experimental  conditions  is  con- 
siderable is  with  the  aqueous  solution  methylphenylcarbamide,  which 
requires  prolonged  heating  at  100°  to  eSect  the  complete  removal  of 
the  water ;  direct  experiment  showed  that  here  a  correction  of  5  per 
cent,  has  to  be  applied  in  order  that  the  solubility  may  be  judged  by 
the  weight  obtained  on  evaporation  of  the  aqueous  solution. 

Our  results  are  exhibited  in  the  accompanying  table,  the  solubilities 
being  everywhere  expressed  in  grams  of  dissolved  substance  in  100  c.c. 
of  sokition.  The  numbers  were  obtained  at  45°  for  water,  44*2°  for 
benzene,  23°  for  acetone,  and  22 '5°  for  ether. 

Methyl-phcnyl  Benzyl  Paratolyl  Orthotolyl 
M.                B.                      P.  0. 

Water 74-0  1-71  0-307         0-251 

Acetone 29-4  3-10  2-66  0-462 

Ether 2-28  0-053  0-062         0-0162 

Benzene 12-48  0-0597         0-043         0-0155 

The  ratios  of  these  numbers  are  again  far  from  constant,  as  the 
following  table  shows. 

M/B.  M/P.  M/O.  B/P.  B/0.  P/O. 

Water 43-3  241  295  5-57  6-81  1-22 

Acetone  9-48         11  636  M7  6-71  5-76 

Ether 43-0  368  141  0-85  3-27  3-82 

Benzene 209-0  290  805  1-39  3-85  2-77 


Conclusions. 

The  rule  that  the  order  of  fusibility  of  isomeric  substances  is  also 
the  order  of  their  solubility  does  not  hold  good  for  the  hydroxybenzoic 
aculs,  as  may  be  seen  fx'om  the  following  table. 
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Solubility. 


Fusibility. 

Water. 

Acetone. 

Ether. 

Benzene 

0 

0 

P 

P 

P 

M 

p 

M 

M 

M 

P 

INI 

0 

0 

0 

The  rule  is  in  general  applicable  to  benzylcarbamide  and  its  iso- 
merides,  the  only  exception  found  being  benzyl-  and  paratolyl-carbamide 
in  ether,  where  the  solubilities  lie  close  together,  but  not  in  the  order 
of  fusibility. 

The  rule  that  the  order  of  solubility  is  independent  of  the  solvent  is 
subject  to  the  same  exceptions  as  the  preceding  rule. 

The  constancy  of  the  solubility  ratio  observed  by  Carnelley  and 
Thomson  for  meta-  and  para-nitraniline  is  not  found  either  with  the 
hydroxybenzoic  acids  or  with  benzylcarbamide  and  its  isomerides. 
The  solubility  ratio  for  any  pair  of  the  hydroxybenzoic  acids  in  the 
same  solvent  is  also  variable  with  the  temperature. 

The  variation  of  the  solubility  of  salicylic  acid  and  its  isomerides 
with  the  temperature  can  be  expressed  by  a  formula  of  the  type  pro- 
posed by  Nordenskjold,  namely,  log  S=aT-h,  when  the  solvent  is 
watei',  but  not  when  the  solvent  is  benzene. 

Congo-red  was  found  to  be  the  best  acidimetric  indicator  for  salicylic 
acid  and  its  isomerides.  The  values  obtained  for  the  solubility  of  sali- 
cylic acid  in  water  are  only  two-thirds  of  the  values  given  by  Bourgoin. 

University  College, 
Dundee. 


^XN .—Constitution  of  Oleic  Acid  and  its  Derivatives. 

Part  I. 

By  Frank  George  Edmed,  B.Sc,  A.E.C.S. 

It  was  found  by  Saytzeff  (./.  Buss.  Chem.  Soc,  1885,  417)  that  the 
product  of  the  oxidation  of  oleic  acid  by  weak  alkaline  permanganate 
was  a  dihydroxystearic  acid,  CisHggO^,  melting  at  134°,and  that  elaidic 
acid,  on  similar  treatment,  yielded  an  acid  of  the  same  composition  but 
melting  at  99^.  Apparently,  however,  he  did  not  investigate  the 
further  action  of  the  permanganate  in  order  to  discover  what  were  the 
final  products  of  the  oxidation. 

These  experiments  were  therefore  repeated,  and  it  was  found  that 
whilst  these  dihydroxystearic  acids  are  undoubtedly  the  chief  products 
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of  the  reaction,  yet  if  the  action  of  the  permanganate  be  prolonged,  or 
if  the  solution  be  heated,  there  are  produced  from  both  oleic  and 
elaidic  acids  three  other  acids,  namely,  pelargonic  acid,  CgHj^^Og, 
azelaic  acid,  CjHjqO^,  and  oxalic  acid,  and  these  seem  to  be  the  sole 
products. 

The  question  then  arose  whether  these  products  were  the  result  of 
the  direct  oxidation  of  the  oleic  and  elaidic  acids,  or  were  formed  by 
the  action  of  the  permanganate  on  the  dihydroxystearic  acids ;  accord- 
ingly, the  latter  acids  were  subjected  to  the  action  of  alkaline  perman- 
ganate and  were  found  to  yield  the  same  products,  namely,  pelargonic, 
azelaic,  and  oxalic  acids.  No  evidence  whatever  of  the  formation  of 
sebacic,  suberic,  or  caprylic  acids  could  be  obtained,  although  these 
acids  are  usually  stated  to  be  the  oxidation  products  of  dihydroxystearic 
acid  (Spiridonoff,  J.  liuss.  Chem.  Soc,  1887,  646). 

These  results  indicate  that  the  first  action  of  the  permanganate 
consists  in  the  addition  of  two  hydroxyl  groups  to  the  unsaturated 
acid,  forming  a  compound  to  which  the  following  formula  must  be 
ascribed,  CH3-[OH2]7-CH(OH)-CH(OH)-[OH.,].-COOH,  and  under 
favourable  conditions  the  yield  appears  to  be  quantitative.  By  the 
continued  action  of  the  permanganate,  this  intermediate  product  is 
destroyed,  the  chain  breaking  between  the  pair  of  carbon  atoms  which 
carry  the  hydroxyl  groups,  thus  giving  rise  to  pelargonic  and  azelaic 
acids,  Cn3-[CH2]7-COOH  and  C001J>[CH2]--C00H,  whilst  oxalic  acid 
is  produced  at  the  same  time,  probably  from  the  oxidation  of  the 
chain  of  carbon  atoms  which  would  otherwise  give  rise  to  pelargonic 
acid. 

The  formation  of  these  two  acids  appears  to  afford  conclusive 
evidence  in  favour  of  the  formula  CH3-[CH2]7-CH:CH-[CH2]--C00H, 
for  both  oleic  and  elaidic  acids  (compai*e  Baruch,  Ber.,  1894,  27,  172), 
since  it  is  difficult  to  account  for  the  formation  of  pelargonic  and  azelaic 
acids  on  any  other  assumption.  The  quantity  of  pelargonic  acid  formed 
is  genei'ally  much  less  than  that  of  the  azelaic  acid,  and  it  would  seem 
as  if  that  portion  of  the  molecule  which  on  breaking  down  gives  rise 
to  pelargonic  acid  undergoes  further  oxidation,  or  it  may  be  that, 
since  pelargonic  acid  is  soluble  to  a  moderate  extent  in  water  and  is 
not  very  volatile  with  steam,  it  is  imperfectly  separated  from  the  other 
products  of  the  action. 

Oxukctioti  hij  means  of  Perinanjanate  in  an  Alkaline  /Solution. 

I.  *  Oleic  acid  melting  at  13 — 15°. — Fifty  grams  of  oleic  acid  were 
dissolved  in  40  grams  of  potassium  hydroxide  contained  in  1  litre  of 

*  The  oleic  acid  was  obtained  from  Kahlbaum,  aud  after  recrystallisation  from 
alcohol  was  perfectly  colourless. 
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water,  and  120  grams  of  potassium  permanganate  in  5  litres  of  water, 
were  added  slowly  with  constant  stirring.  No  perceptible  rise  of  tem- 
perature occurred,  and  when  all  had  been  added  steam  was  blown  in 
until  the  temperature  rose  to  60°,  and  the  green  manganate  at  first 
formed  was  completely  reduced  ;  the  precipitated  oxides  of  manganese 
were  then  filtered  off,  and  the  solution  acidified  with  dilute  sulphuric 
acid.  The  dihydroxystearic  acid  which  was  precipitated  was  collected, 
and  after  two  crystallisations  from  alcohol  melted  at  134°.  It  is  easily 
soluble  in  hot,  but  much  less  so  in  cold  alcohol,  and  it  forms  a 
characteristic  calcivim  salt,  Ca(CjgH3^04).,  +  SHgO. 

The  filtrate  from  this  acid  was  steam  distilled,  when  a  colourless 
oil  passed  over  of  a  peculiar  odour  and  soluble  in  water  ;  the  distillate 
was  rendered  alkaline  with  sodium  carbonate,  evaporated  to  dry- 
ness, and  acidified,  when  a  small  quantity  of  a  colourless  oil  separated, 
having  the  odour  of  pelargonic  acid.  The  quantity  was  insufiicient  for 
analysis ;  the  same  oil,  however,  was  obtained  in  larger  quantity  from 
elaidic  acid  where  the  existence  of  pelargonic  acid  was  definitely  settled 
by  analysis. 

When  the  residue  of  the  distillation  was  evaporated  to  a  small  bulk,  an 
acid  crystallised  out,  which  was  collected,  dried,  and  recrystallised  from 
hot  water;  it  melted  at  105 — -107°  (melting  point  of  azelaic  acid,  106°). 
The  acid  obtained  was  dissolved  in  ammonia,  calcium  chloride  added, 
and  the  calcium  salt  collected,  dried,  and  the  percentage  of  calcium 
determined  by  heating  with  sulphuric  acid. 

Found  Ca  ,.      17-54  per  cent. 

Theory  Ca  in  Ca(C9Hi404)  17-70       „ 

It  was  thus  proved  to  be  azelaic  acid.  The  remainder  of  the  solu- 
tion reduced  permanganate  with  much  effervesence  on  gently  warming. 
Ammonia  was  added  until  alkaline,  then  calcium  sulphate,  and  the 
precipitated  calcium  salt,  after  being  boiled  with  acetic  acid,  was 
collected,  washed,  dried,  and  ignited.  As  it  gave  off  carbon  monoxide 
and  did  not  blacken,  it  was  assumed  to  be  calcium  oxalate. 

II.  Elaidic  acid  melting  at  45°.— Fifteen  grams  of  elaidic  acid  were 
treated  with  20  grams  of  potassium  hydroxide  in  |  litre  of  water  and 
37  grams  of  permanganate  in  U  litres  of  water,  the  method  of  pro- 
cedure being  exactly  as  previously  described. 

The  dihydroxystearic  acid  obtained  was  more  soluble  in  alcohol  than 
the  preceding  one,  and  after  recrystallisation  melted  at  99°.  The 
filtrate,  on  steam  distilling,  gave  an>il  similar  to  that  obtained  above 
but  in  larger  quantity  ;  it  was  separated  from  the  distillate,  treated 
with  zinc  oxide  and  water,  and  well  boiled.  The  zinc  salt  of  the  acid 
thus  obtained,  on  recrystallisation  from  alcohol,  melted  at  139 — 130° 
(m.  p.  for  zinc  pelargonate,  131°). 
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On  analysis. 

Found  Zn 17-17  percent. 

Theory  Zu  in  (CH,-[CH2]7-COO)^Zn...     1715       „ 

The  azelaic  acid  was  removed  and  recrystallised,  and  the  presence  of 
oxalic  acid  confirmed  as  before. 

III.  Dihydroxystearic  acid  melting  at  134°. — Forty  grams  of  di- 
hydroxystearic  acid  (prepared  from  oleic  acid  as  above)  were  treated 
with  10  grams  of  potassium  hydroxide  in  1  litre  of  water  and  55 
grams  of  potassium  permanganate  in  3  litres  of  water  added,  the 
solution  being  heated  nearly  to  boiling  during  the  addition  of  the 
permanganate.  The  oxides  of  manganese  were  filtered  oif,  and  the 
solution  acidified  with  dilute  sulphuric  acid,  when  a  solid,  colourless 
acid  was  precipitated  ;  on  heating  the  solution,  however,  this  nearly 
all  dissolved,  leaving  only  a  small  quantity  of  solid,  insoluble  matter. 
The  whole  was  then  steam  distilled,  when  an  oil  passed  over  with 
the  steam  which  in  odour,  colour,  and  solubility  resembled  the  pelar- 
gonic  acid  obtained  above ;  this  was  removed  and  treated  with  zinc 
oxide,  the  zinc  salt  crystallised  from  alcohol  and  its  melting  point 
determined  ;  it  melted  at  129°  and  was  therefore  zinc  pelargonate. 

The  undissolved  residue  was  filtered  off  when  hot,  washed  until 
free  from  sulphuric  acid,  and  dissolved  in  ammonia  ;  calcium  chloride 
was  then  added,  and  the  calcium  salt  dried  and  analysed. 

Found  Ca    5-00  per  cent. 

Theory  Ca  in  Qa.{Q^^B.^^fi^)2  +  ^B.p     5-46 

This  showed  that  the  insoluble  portion  was  merely  unchanged  di- 
hydroxystearic acid.  On  evaporating  the  rest  of  the  solution,  azelaic 
acid  crystallised  out  and  was  identified  by  its  melting  point  (106°). 
The  remainder  of  the  solution  was  treated  with  calcium  sulphate,  the 
precipitate  boiled  with  acetic  acid,  and  oxalic  acid  recognised  in  the 
form  of  its  calcium  salt. 

IV.  Dihydroxystearic  acid  melting  at  99°. — This  acid  was  prepared 
in  a  manner  exactly  similar  to  the  preceding,  but  the  yield  was  inuch 
smaller.  It  appears  to  bo  much  more  easily  oxidised,  hence  the 
oxidation  goes  farther,  with  formation  of  correspondingly  larger 
amounts  of  the  final  products,  pelargonic  and  azelaic  acids.  This 
behaviour  is  what  might  be  expected  if  we  consider  the  stereoisomeric 
formula}  for  oleic  and  elaidic  acids.  In  this  way,  the  formulre  for  the 
dihydroxystearic  acid  melting  at    134°  would   be   I,  whilst   the  other 

J      CH,,-[UH,]7-CH-0II  jj         CH3-[CH.3]7-CH-OH 

ho-hc-[ch2]7-cooh"         ■    C00H-[CH.,]7-CH-0H' 

would  have  the  formula  II.     In  the  latter  case,  the  close  proximity  of 
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the  two  hydroxyl  groups  to  one  another  in  the  molecule  would  lead 
us  to  expect  that  it  would  be  the  more  easily  oxidised,  and  this  was 
found  to  be  the  case. 

The  dihydroxystearic  acid  was  subjected  to  the  action  of  alkaline 
permanganate  in  the  manner  already  described.  On  distilling  the 
product,  pelargonic  acid  was  obtained  and  recognised  in  the  form  of 
its  zinc  salt,  whilst  from  the  rest  of  the  solution  azelaic  and  oxalic 
acids  were  obtained  and  identified  as  above  described.  Here  also 
these  acids  appear  to  be  the  sole  products  of  the  decomposition. 

Summary  of  Oxidation  Products. 

From  oleic  acid.  From  cLaidic  acid. 

Dihydroxystearic  Dihydroxystearic 

acid,  m.  p.  134°.  ..60  per  cent.  acid,- m.  p.  99°.  ..33  per  cent. 

Pelargonic  acid small  Pelargonic  acid  ...13 — 14  per  cent. 

Azelaic  acid 16  per  cent.     Azelaic  acid    26  per  cent. 

Oxalic  acid    16  per  cent.     Oxalic  acid 15 — 20  per  cent. 

Oxidation  of  Oleic  Acid  with  Chromic  Acid. 

A  2  per  cent,  solution  of  potassium  dichromate  containing  an  equi- 
valent quantity  of  sulphuric  acid  was  added  to  10  grams  of  oleic  acid 
and  the  whole  heated  in  a  flask  provided  with  a  reflux  condenser.  For 
some  time  no  action  took  place,  but  after  about  4  days  heating,  reduc- 
tion of  the  chromate  began  to  go  on  very  slowly  ;  the  heating  was  con- 
tinued for  10  days,  and  the  excess  of  chromate  then  reduced  by  boil- 
ing with  sulphur  dioxide.  The  solid  chromic  oxide  was  collected, 
boiled  with  dilute  sodium  carbonate  solution,  the  solid  filtered  off,  and 
the  solution  evaporated  to  dryness  and  acidified  with  dilute  sulphuric 
acid  ;  the  acid  thus  obtained  proved  to  be  simply  unchanged  oleic  acid. 
The  remainder  of  the  solution  was  steam  distilled  in  order  to  see  if  any 
volatile  acids  had  been  formed.  The  distillate  gave  an  acid  reaction 
and  had  an  odour  resembling  that  of  pelargonic  acid,  but  the  quantity 
was  too  small  for  identification  by  analysis.  The  residue  in  the  distil- 
ling flask  was  extracted  with  ether,  and  a  mixture  of  unchanged  oleic 
acid  and  a  colourless  solid  obtained  ;  the  latter  was  easily  soluble  in 
boiling  water,  and  could  thus  be  separated  from  the  oleic  acid  and 
crystallised  ;  it  proved  to  be  azelaic  acid.  No  other  products  are 
formed  in  the  reaction. 

Chromic  acid,  therefore,  seems  to  break  up  the  molecule  in  the  same 
manner  as  the  permanganate.  The  small  quantity  of  pelargonic  acid 
may  also  be  explained  on  the  assumption  that  oxalic  acid  is  formed,  but 
that  it  is  immediately  destroyed  by  the  powerful  oxidising  agent 
employed. 
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Fusion  with  Potassium  Hydroxide. 

As  early  as  1840,  Yarrentrap  showed  {Annalen,  1840,  35,  195)  that 
on  fusing  oleic  acid  with  potash  it  was  bx'oken  up  into  palmitic  and 
acetic  acids,  and  on  this  ground  the  formula  for  oleic  acid  has,  until 
recently,  been  represented  as  containing  the  ethylenic  linkage  between 
the  a-  and  yS-carbon  atoms,  thus,  CH3-[CHo]i4-CH:CH-COOH. 

More  recent  evidence  tends  to  prove  that  the  true  formula  is  the 
symmetrical  one  used  above,  and  the  results  of  the  oxidation  afford 
additional  evidence  in  support  of  this  view.  This  being  so,  we  should 
expect  the  fusion  to  give  rise  to  pelargonic  and  azelaic  acids.  An  ex- 
planation has  been  put  forward  by  Wagner  {Ber.,  1888,  21,  3353),  in 
which  he  assumes  that  the  first  action  is  brought  about  by  water  and 
atmospheric  oxygen,  and  consists  in  the  formation  of  dihydroxystearic 
acid,  CH3-[CHJ7-  CH(OH)-CH(OH)-[CH,]/  COOH. 

In  the  second  stage  of  the  reaction,  the  potash  exerts  an  oxidising 
and  a  reducing  action  simultaneously,  producing  an  acid  of  the  formula 
CH3-[CH2]7-CH2-CH2-[CH2]5-CO-CH2-COOH.  The  final  action  is 
hydrolytic,  palmitic  acid,  C^gHg^'COOH,  and  acetic  acid,  CHg'COOH, 
being  produced. 

The  only  other  possible  explanation  is  to  assume  that,  under  the 
action  of  the  potash,  the  bond  is  caused  to  shift  from  the  middle  posi- 
tion to  the  end  of  the  chain,  in  fact  to  assume  that  the  elements  of 
water  are  taken  on  and  then  eliminated  in  a  different  direction  seven 
times  in  succession,  just  as  in  the  case  of  unsaturated  /3y-acids  ;  the 
bond  shifts  under  the  action  of  alkalis  to  the  a/3-position.  The  objec- 
tion to  this,  however,  is  that,  so  far  as  is  known,  this  shift  of  the  bond 
is  a  peculiar  property  of  /3y-acids  only.  No  fusion  of  pure  oleic  acid 
with  potash  appears  to  have  been  described  since  the  time  of  Varrentrap, 
and  it  was,  therefore,  deemed  advisable  to  repeat  the  fusion,  paying 
special  attention  to  the  quantitative  nature  of  the  reaction,  for  if  any 
shift  of  the  bond  took  place  it  might  be  expected  to  introduce  com- 
plications which  would  tend  to  reduce  the  yields  of  the  final  products. 

In  order  to  minimise  the  chances  of  irregular  atmospheric  oxidation, 
the  fusions  were  effected  in  an  atmosphere  of  coal  gas.  Pure*  oleic 
and  elaidic  acids  melting  respectively  at  13'^  and  45°  were  used.  The 
acid  was  weighed  out  into  a  nickel  crucible  and  the  fusion  carried  out 
first  at  the  lowest  possible  temperature  in  an  oil  bath,  the  temperature 
being  maintained  at  from  250°  to  280°.  When  the  fusion  was  complete, 
the  contents  of  the  crucible  were  dissolved  in  boiling  water,  the  solu- 

*  Lant  Carpenter  (cT.  Soc.  Chcm.  Ind.,  1883,  p.  98)  has  described  the  fusion  of  oleic 
acid  with  potash,  but  he  used  crude  materials  only  and  neglected  the  quantitativQ 
relations  of  any  other  products  save  palmitic  acid. 
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tion  acidified  with  sulphuric  acid;  the  solid  fatty  matter  which 
separated  was  extracted  with  alcohol,  the  solution  evaporated  to  dryness, 
and  the  residue  weighed.  The  solution  containing  the  potassium  sul- 
phate and  excess  of  sulphuric  acid  was  distilled,  pure  barium  carbonate 
added  to  the  distillate,  which  was  filtered,  and  the  filtrate  evaporated  to 
dryness  in  a  weighed  glass  dish;  the  residue  of  barium  acetate  was  then 
dried  at  130°  and  weighed. 

The   second   fusion  was   performed  at  a  higher  temperature,   but 
charring  was  avoided. 

Results. 


II. 


Oleic  acid. 

\Vt.  taken. 
3 '9 7  gi'ams 

3-31      „ 

Elaidic  acid. 
4-54  grams 


Wt.  of  palmitic 
acid. 

3  83  grams 
Theory  3-60   „ 

3-28   „ 
Theory  3-00   „ 

4-12  grams 
Theory  4-10      „ 


"Wt.  of  acetic 
acid. 

0"26  gram 
Theory  0-84      „ 

0-20       „ 
Theory  070       „ 

0*03  gram 
Theory  0'96       „ 


The  barium  salt  mentioned  above  was  found  to  consist  only  partly  of 
barium  acetate.  Hence  the  yield  of  acetic  acid  is  even  less  than  here 
indicated. 

Oxalic  acid,  the  formation  of  which  was  suspected,  was  separated  as 
the  calcium  salt,  so  that  this  acid  appears  to  be  formed,  both  in 
the  case  of  oleic  and  elaidic  acids,  in  addition  to  palmitic  and  acetic 
acids,  although  the  amount  does  not  exceed  1  per  cent,  of  the  pro- 
ducts, Nevertheless,  as  will  be  seen,  the  amount  of  oxalic  acid  is  greater 
than  that  of  the  acetic  acid,  since  all  the  substance  weighed  as  acetate 
was  not  so  in  reality.  Palmitic  acid,  on  the  other  hand,  was  formed 
in  every  case  in  practically  theoretical  amount. 

Attempts  were  made  to  discover  if  any  pelargonic  and  azelaic  acids 
were  formed  in  small  quantities  during  the  reaction,  but  none  could  be 
detected.  Again,  since  Wagner's  explanation  involves  the  formation 
of  dihydroxystearic  acid  as  intermediate  product,  a  fusion  was  per- 
formed using  a  large  excess  of  potash,  and  the  palmitic  acid  obtained 
was  repeatedly  recrystallised  from  alcohol,  but  not  even  in  the  mother 
liquor  from  the  final  crystallisation  could  any  trace  of  dihydroxystearic 
acid  be  found.  If  any  other  products  besides  palmitic,  acetic,  and 
oxalic  acids  are  formed,  they  are  produced  only  in  minute  quantity. 
Finally,  the  action  of  potash  on  pure  palmitic  acid  under  corresponding 
conditions  was  studied,  and  it  was  found  that  at  a  temperature  of  from 
250°  to  280°  practically  no  action  occurred. 

The  results  of  these  experiments  show  that    it    is    unlikely  that 


G34  hill:  reversible  zymohydrolysis. 

during  the  fusion  the  bond  undergoes  any  shift,  since,  if  this  took 
place,  we  could  scarcely  obtain  a  theoretical  quantity  of  palmitic  acid, 
and  we  should  also  expect  to  find  appreciable  amounts  of  other  pro- 
ducts, as,  for  example,  pelargonic  and  azelaic  acids.  Hence,  for  the 
present,  Wagner's  explanation  must  be  accepted,  since  the  weight  of 
evidence  is  in  favour  of  the  symmetrical  formula  for  oleic  acid,  with 
which  elaidic  acid  is  stereoisomeric  (Baruch,  loc.  cit.). 

In  conclusion,  I  wish  to  express  my  thanks  to  Pi-ofessor  Tilden, 
under  whose  valuable  guidance  the  above  experiments  have  been 
conducted. 

Royal  College  of  Science, 
London. 


LXVI. — Reversible  Zymohydrolysis. 

By  Arthur  Croft  Hill,  B.A. 

Introductory. 
This  investigation  was  undertaken  with  the  object  of  determining  if 
hydrolysis  through  the  agency  of   enzymes  is,   like   other   chemical 
reactions,  reversible  ;  if,  in  fact,  under  appropriate  conditions,  the  cor- 
responding synthesis  can  be  obtained. 

It  was  necessary  to  choose  a  very  simple  case  of  zymolytic  action  in 
which  the  exact  stage  of  conversion  could  at  any  time  be  accurately 
determined,  and  then  to  ascertain  if  the  reaction  were  retarded 
by  the  products  formed  and  did  not  reach  completion,  as  only  such  a 
reaction  could  be  considered  suitable  for  the  purpose.  In  the  case  of 
cane-sugar  and  invertase,  it  had  been  found  by  O'Sullivan  and  Tompson 
(Trans.,  1890,  57,  834)  that  the  reaction  tended  to  total  conversion, 
and  that  the  time  cui've  gave  no  evidence  of  hindering  by  the  products 
of  inversion  ;  but  viewed  in  the  light  of  other  chemical  reactions,  it 
seemed  possible  that  a  hindering  influence  existed  but  had  been  small 
enough  to  escape  detection.  The  hydrolysis  of  maltose  differs  from 
that  of  cane-sugar  in  that,  whilst  the  latter  is  split  into  two  dissimilar 
molecules,  the  former  yields  two  similar  molecules,  and  it  seemed 
reasonable  to  expect  that,  in  the  hydrolysis  of  maltose,  a  hindering 
influence  might  be  more  marked  and  more  easily  observed.  This 
reaction  was  therefore  chosen,  and  the  maltase  of  yeast  selected  as  the 
enzyme. 

Part  I  of  this  paper  deals  with  the  manner  of  extraction  and  with 
certain  properties  of  the  enzyme  ;  Part  II,  with  the  analytical  methods 
by  which  the  amount  of  change  at  any  stages  of  a  hydrolysis  has  been 


hill:  reversible  zymohydroltsis.  635 

estimated  ;  Part  III  is  taken  up  with  an  account  of  experiments  which 
show  a  distinct  hindering  action  by  glucose,  an  action  which  increases 
with  the  concentration  of  tlie  solutions ;  Part  IV,  with  experiments 
showing  a  reverse  change  of  glucose  to  maltose  in  concentrated  solu- 
tions. It  deals  also  with  the  equilibrium  points,  or  limits  of  conver- 
sion, for  several  different  concentrations. 

Part  I.     Extraction  of  the  Enzyme, 

The  existence  in  yeast  of  this  enzyme  which  convei'ts  maltose  into 
glucose,  was  suspected  by  Bourquelot  {Journ.  de  V Anatomie  et  de  la 
Physiologic,  1886,  pp.  180,  200)  ;  he  was  unable,  however,  to  get  an 
active  extract  of  it,  using  chloroform  as  an  antipeptic.  Lintner  [Zeits. 
d.  Ges.  Brauwesen,  1892,  106),  Fischer  (Ber.,  1894,  27,  1113),  Rohmann 
{Ber.,  1894,  27,  3251),  and  Lintner  and  Kruber  {Ber.,  1895,  28,  1050) 
have  extracted  it  from  dry  yeast.  Morris  (Proc,  1895,  46)  called 
attention  to  the  fact  that  fresh  yeast  in  the  presence  of  chloroform  did 
not  attack  maltose ;  but  it  seems  clear  from  Lintner  and  Krober's 
(Ber.,  1895,  28,  1050)  observations,  and  from  observations  made  in 
the  course  of  this  research,  that  chloroform  slowly  destroys  the 
enzyme,  whilst  Fischer  {Ber.,  1895,  28,  1430)  has  found  that  fresh 
yeast  hydrolyses  maltose  when,  not  chloroform,  but  thymol  or  toluene 
is  used  as  an  antiseptic. 

Nevertheless,  dried  yeast  hydrolyses  much  more  actively  than  fresh 
yeast,  for  the  enzyme  does  not  leave  the  cells  until  they  have  been 
thoroughly  dried.  Even  from  dried  yeast,  Fischer  {Ber.,  1894,  27, 
1479)  found  that  only  a  feebly  active  extract  was  obtained,  so  that  in 
most  of  his  experiments  he  preferred  using  the  dried  yeast  itself  with 
an  antiseptic  to  using  the  extract.  Lintner  and  KriJber's  extract  was 
more  active,  but  they  do  not  enter  into  details  as  to  the  circumstances 
in  the  preparation  and  extraction  of  the  yeast  which  give  the  best 
results,  neither  do  they  discuss  the  stability  of  their  extracts. 
Rohmann  mentions  that  his  yeast  was  heated  for  1  hour  at  105°  to 
110°,  according  to  Earth's  method,  and  then  extracted  with  thymol 
water.  He  does  not  state  how  active  the  extract  was,  nor  whether  it 
kept  well. 

The  duration  of  heating  and  the  range  of  temperature  are  im- 
portant ;  although  the  enzyme  is  not  desti'oyed  by  heating  the  yeast 
at  120°  for  a  short  time,  or  by  heating  above  105°  for  6  hours,  there 
is  a  decided  disadvantage  in  such  heating,  for  the  extract  filters  badly, 
becoming  distinctly  more  turbid  when  kept  and  losing  much  of  its 
activity.  The  result  appears  to  be  due  to  rupture  of  the  cell  walls 
consequent  on  treating  the  highly  exsiccated  and  damaged  cells  with 
water,  whereby  a  most  unstable  proteid  escapes  and  is  gradually  pre- 
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cipitated.  A  similar  progi'essive  precipitation  was  observed  by  E. 
Buchner  {Ber.,  1897,  30,  117)  in  his  expressed  yeast  juice.  The 
difficulty  does  not  occur  it"  the  heating  be  limited  in  the  way  which 
will  be  presently  described.  By  using  very  dilute  alkali  for  the 
extraction  instead  of  distilled  water,  the  activity  of  the  extract  is 
usually  much  increased,  the  effect  of  the  alkali  being  to  neutralise  any 
acidity  of  the  yeast  which  would  prevent  the  enzyme  from  going  into 
solution.  The  digesting  mixture  must  be  neutral,  not  alkaline,  as  free 
alkali  at  once  destroys  the  enzyme. 

The  following  method  has  given  the  best  results.  Good,  pressed, 
bottom  fermentation  yeast  *  after  being  pounded  in  a  mortar  with  dis- 
tilled water,  and  washed  three  times  by  decantation,  is  collected  on  a 
filter  provided  with  a  cover,  and  then  spread  on  porous  tiles  and  dried  in 
a  vacuum  over  sulphuric  acid.  After  two  days  or  so  in  the  exsiccator, 
the  yeast  is  dry  and  brittle ;  it  is  then  powdered  in  a  mortar  and  sifted 
through  fine  muslin,  being  thus  obtained  as  a  bright,  yellowish-white 
powder.  The  heating  is  performed  by  suspending  the  powdered  yeast 
on  a  double  layer  of  fine  muslin  over  the  mouth  of  a  glass  jar,  which 
is  then  placed  in  an  oven  previously  heated  to  40°,  and  the  tempera- 
ture is  allowed  to  rise  during  successive  quarters  of  an  hour  to  60°, 
70°,  90°,  100°;  it  is  then  maintained  at  100°  for  a  quarter  of  an  hour, 
when  the  jar  is  taken  out  of  the  bath  and  put  in  the  exsiccator  until 
cool.  The  yeast  is  weighed  in  a  closed  vessel,  pounded  in  a  mortar 
with  ten  times  its  weight  of  O'l  per  cent,  sodium  hydroxide  solution, 
put  into  a  flask,  toluene  added,  and  the  whole  allowed  to  digest  at  the 
temperature  of  the  room  for  three  days.  The  extract  is  then  filtered, 
first  through  paper  and  afterwards  through  a  Pasteur-Chamberland 
filter  into  sterilised  appai-atus. 

As  thus  obtained,  it  is  a  pale  yellow,  clear  liquid  of  neutral  or 
faintly  acid  reaction,  and  yielding  from  0*51 6  to  0'52  per  cent,  of  ash, 
and  from  2 "45  to  3  "14  per  cent,  of  total  .solids.  It  remains  bright, 
and  has  shown  activity,  although  in  diminished  degree,  after  the  lapse 
of  some  months.  The  test  of  activity  is  that  1  c.c.  of  the  fi'esh  ex- 
tract acting  on  20  c.c.  of  a  2  per  cent,  solution  of  maltose  at  30°,  will 
hydrolyse  about  20  per  cent,  of  the  sugar  in  40  minutes,  and  over  90 
per  cent,  when  left  from  one  evening  to  the  next  morning. 

If  tlie  extract,  as  first  obtained,  is  feebly  acid,  when  mixed  with 
the  sugar  solution  the  mixture  is  not  acid  enough  to  react  with  litmus  ; 
it  may  be  said,  therefore,  that  the  conversion  proceeds  in  neutral  solu- 
tion. The  addition  of  acid  to  the  extract  causes  precipitation  with 
loss  of  activity  ;  addition  of  alkali,  sufficient  to  make  it  alkaline  to 
litmus,  also  destroys  the  activity.     An  attempt  was  made  to  see  if 

*  The  yeast  was  obtained  from  one  of  the  cliief  breweries  in  Bern  (Aebersold's, 
Schauplatzgasse). 
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the  addition  of  a  very  minute  quantity  of  alkali  or  of  acid  would  have 
an  appreciable  effect  on  the  rate  of  hydrolysis.  Two  flasks,  containing 
each  a  similar  mixture  of  enzyme  and  maltose  solution,  and  differing 
only  in  that  in  one  sodium  hydroxide  had  been  added  to  the  extent  of 
1  part  in  12,000,  were  put  in  the  bath  at  30",  and  the  hydrolysis  was 
estimated  after  45  minutes  ;  in  either  case,  it  was  about  20  per  cent. 
The  contents  of  both  flasks  were  neutral  to  litmus. 

Although  alcohol,  as  pointed  out  by  Fischer  [Ber.,  1894,  27,  1113) 
and  by  Rohmann  {Ber.,  1894,  27,  3251),  so  readily  destroys  the 
enzyme  in  the  presence  of  water,  it  has  no  action  when  both  it  and 
the  enzyme  are  dry.  Some  yeast  powder,  previously  dried  at  100°, 
was  left  for  3  days  under  alcohol  dried  over  baryta;  it  was  afterwards 
found  to  be  quite  active  on  maltose.  A  similar  result  was  obtained 
with  the  dried  and  powdered  extract. 

Extracts  pi^epared  in  the  presence  of  chloroform  were  but  feebly 
active.  Further,  the  observation  of  Lintner  and  Krober  (loc.  cit.), 
that  chloroform  retards  the  progress  of  the  hydrolysis,  has  been 
confirmed. 

Part  II.     Analytical  Methods. 

The  methods  employed  for  estimating  the  amount  of  hydrolysis 
were, 

(1)  Determination  of  the  cupric-reducing  power  of  the  mixed  sugars 
under  standard  conditions  in  terms  of  glucose  and  of  maltose. 

(2)  Determination  of  the  specific  rotatory  power.  When  an  addi- 
tional qualitative  test  has  seemed  desirable,  the  osazones  have  been 
prepared  and  separated. 

For  the  reducing  power,  an  adaptation  from  Pavy's  method  of  esti- 
mating glucose  has  been  found  very  convenient.  It  was  selected 
because  the  conditions  of  titration  in  these  experiments  could  be  kept 
precisely  similar  throughout,  whilst  it  requires  but  small  quantities 
of  sugar  for  the  estimations,  gives  a  large  difference  between  the  re- 
ducing powers  of  glucose  and  of  maltose,  with  no  chance  of  error  from 
reoxidation,  since  the  whole  operation  is  completed  in  one  flask  from 
which  the  air  is  excluded.  The  larger  difference  in  reducing  powers 
in  this  method  as  compared  with  others  in  which  simple  Fehling's 
solution  is  used  is  accounted  for,  partly  by  increase  in  the  copper 
value  of  glucose,  and  partly  by  a  large  decrease  in  the  copper  value  of 
maltose.  The  composition  of  the  Fehling's  solution  from  which  the 
ammoniacal  solution  is  afterwards  prepared  is  as  under  : 

Solution  A.  34*639  grams  of  recrystallised  copper  sulphate  in  500 
CO.  of  water. 

Solution  B.  173  grams  of  crystallised  Rochelle  salt,  51*6  grams  of 
dry  sodium  hydroxide,  water  to  500  c.c. 

VOL.   LXXIII.  U   U 
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The  ammoniax3al  solution  is  made  up,  as  required,  thus  : 
30  c.c.  of  Fehling's  fluid  A. 
30    „  „  ,,     B, 

250  c.c.  of  solution  of  ammonia  sp.  gr.  0*922  (or  150  c.c.  of  sp.  gr. 
0-880). 

Water  to  500  c.c. 

The  titrating  flask,  which  has  a  capacity  of  about  120  c.c,  is  pro- 
vided with  a  rubber  stopper  with  two  holes,  one  for  a  tube  in  connection 
with  a  standard  burette,  the  other  for  a  tube  of  small  diameter  which 
carries  off  steam  and  ammonia  to  the  sink.  The  tube  which  connects 
the  flask  to  the  burette  is  bent  twice  at  right  angles,  having  a  hori- 
zontal part  of  about  15  cm.,  so  that  the  burette  is  at  a  sufficient 
distance  from  the  hot  flask. 

The  method  of  titration  is  as  follows  :  the  sugar  solution  diluted  to 
the  proper  strength  being  in  the  burette,  20  c.c.  of  the  ammoniacal 
copper  solution  measured  in  a  pipette  and  20  c.c.  of  distilled  water 
are  placed  in  the  titrating  flask,  and  heated  to  boiling  by  a  small 
flame.  The  contents  of  the  flask  are  then  kept  just  boiling  by  the 
same  small  flame ;  at  the  end  of  30  seconds,  the  amount  of  sugar  solu- 
tion supposed  from  a  preliminary  titration  to  be  required,  is  run  in 
slowly  during  1  minute,  and  the  boiling  continued  for  2  minutes 
longer,  3  minutes  in  all  from  the  time  the  first  portion  of  sugar  solution 
was  run  in.  The  liquid  in  the  flask  is  now  either  colourless,  or  blue, 
or  yellow.  To  show  the  tint  clearly,  another  flask  containing  distilled 
water  is  placed  at  the  side  of  the  first  and  the  two  viewed  against  a 
white  background.  If  the  tint  is  blue,  in  the  next  titration  O'l  c.c. 
more  sugar  solution  is  used;  if  yellow,  0  1  c.c.  less.  The  quantity 
taken  as  being  correct  is  that  which  gives  a  colourless  end-point 
within  the  required  time,  whilst  O'l  c.c.  less  gives  a  bluish  end-point, 
and  O'l  c.c.  more  gives  either  a  yellowish  end-point  or  decolorises  in 
considerably  less  than  the  3  minutes.  On  all  occasions,  the  copper 
solution  is  titi'ated  also  against  a  standard  0*2  per  cent,  solution  of 
glucose.  In  very  hot  weather,  and  when  a  number  of  estimations 
have  to  be  made  extending  over  several  hours,  the  copper  solution  is 
standardised  both  before  and  after  the  estimations.  When  fresh 
Fehling's  .solutions  are  made  up,  titrations  against  standard  maltose 
solution  are  made  in  addition.  The  ammoniacal  copper  solution  is 
made  fresh,  usually  each  day,  the  other  solutions  are  kept  in  the  dark 
in  stoppered  bottles  sealed  with  paraffin. 

The  glucose  and  maltose  used  in  the  standard  solutions  and  in  the 
experiments  were  procured  in  as  pure  a  condition  as  possible  from 
K.ahlbaum,  Berlin,  and  then  recrystallised,  the  glucose  from  85  per 
cent,  methylic  alcohol,  the  maltose  from  80  per  cent,  ethylic  alcohol. 
The  glucose  crystals  are   washed   by   aid  of  the  pump  with  methylic 
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alcohol,  dried  a  short  time  over  calcium  chloride,  powdered,  and 
dried  by  heating  first  at  60',  and  afterwards  at  110'',  until  the  weight 
is  constant.  The  crystals  of  maltose  containing  water  of  crystallisa- 
tion are  washed  with  ethylic  alcohol,  with  the  aid  of  the  pump,  dried 
a  short  time  over  calcium  chloride,  powdered,  and  re-dried  over  calcium 
chloride  for  about  a  week.  The  water,  the  amount  of  which  varies,  is 
then  determined  in  a  portion  of  the  sugar  by  drying  it  slowly  up  to 
110',  and  finally  at  115°,  until  the  weight  is  constant.  Since  maltose 
hydrate,  CjoH.,.,Ojj  -f  HoO,  yields  on  hydrolysis  exactly  its  own  weight 
of  glucose,  CgHjoO^.,  it  has  been  possible  to  simplify  the  calculations 
by  always  reckoning  maltose  in  terms  of  the  hydrate. 

The  standard  solution  of  glucose  is  made  to  contain  0*2  per  cent,  of 
anhydrous  glucose,  and  the  standard  solution  of  maltose,  0"-4  per  cent, 
of  maltose  hydrate.  When  the  copper  solution  is  just  made  up,  it 
takes  4"7  c.c.  of  standard  glucose  solution  or  6*2  c.c.  of  standard 
maltose  solution  to  exactly  reduce  the  20  c.c.  under  standard  condi- 
tions. The  copper  solution  is  usually  allowed  to  stand  from  one  to 
two  hours  before  use,  and  the  values  most  often  then  obtained  are 
4'65  c.c.  of  0'2  per  cent,  glucose  and  6'1  c.c.  of  0*4  per  cent,  maltose 
hydrate.     The  reducing  power  of  maltose  hydrate,  taking  glucose  as 

^.   .    o.      ,        100x4-7       ^  100x4-65 

100,  is38:  thus,  ^5 — ^-7r-  =  37-9  or    — r — ^-^-  =  38-1. 
2  X  D-2  2  X  0-1 

In  experiments  I  and  II,  it  will  be  seen  that  the  ratio  100  :  38-5  is 
used,  the  reason  being  that,  in  the  early  part  of  the  work,  the  boiling 
was  kept  up  for  4  minutes ;  it  was  afterwards  found  better  to  use 
the  shorter  time,  by  which  a  colourless  end-point  could  with  certainty 
be  attained. 

The  reducing  power  of  any  mixture  of  the  sugars  is  obtained  in  the 

same  way  as  that  of  maltose,  that  is,  by  dividing  the  number  of  c.c. 

required  of  a  0-2  per   cent,   glucose  solution  by  the  number  of  c.c. 

required  of   a  0*2  per  cent,   solution  of  the  mixture,  when  both  are 

titrated  with  the  same  copper  solution,  and  multiplying  the  quotient 

thus  obtained  by  100.    To  illusti'ate  by  an  example;  a  certain  mixture 

of  the  two   sugars,   diluted  to  a  0*2  per  cent,  concentration,  gave  a 

titration  value  6-55  c.c.  ;    the  standard  glucose  solution  gave  a  value 

4-65 
4-65  c.c.     Then  E,  the  reducing  power  required,  is  ^^zr=  x  100=  t\. 

Similarly,  another  mixture  of  nearly  the  same  concenti-ation  gave, 
with  the  same  copper  solution,  6-75  c.c.  as  the  titration  value.  Here, 
in  the  same  way,  ^  =  69.  To  deduce  the  percentage  composition  of 
the  mixture  from  R,  it  is  necessary  to  notice  that  a  complete  con- 
version of  maltose  hydrate  to  glucose  corresponds  with  a  change  in 
reducing  power  from  38  to  100,  so  that  a  change  of  reducing  power 

U  U  2 
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from  38  to  R  corresponds  with  a  partial  conversion  of  inn  ,30 )    or  a 

^    R-38 
percentage  conversion  of  .  .    _  ..^  x  100. 

Examples  : — 

.       .     71-38      ^^ 
i?  =  71  ;  the  conversion  is  ,..  .     ^  =  52  per  cent. 

69-38      ^ 
72  =  69;      „  „  „  j^j^y— yg  =  50  per  cent. 

This   relation    has    been    tested    experimentally    by    making   trial 

mixtures    of    the    two    sugars    in   various    known    propoi'tions,    and 

then    determining    the    percentage     composition     by    titration.     The 

value    found    agreed    with    the    actual    values   to  the   nearest  whole 

numbers ;    for  example,  a  mixture  of  equal  parts  of  the  sugars  gave 

4-65  ^  .      68-8-38 

R=  ^;=^  X  100  =  68-8  ;    conversion  y— — — --  =  49-/   per  cent.  (50  per 

cent.).      A    mixture    of    f   maltose    hydrate    and    \   glucose    gave 

4-6  ,  53-5-38     15-5       , 

R  =  rrr;  x  100  =  53-5  ;    conversion  irin  _  00  =  ~^  =  25  per  cent. 

The  fact  that  in  a  mixture  of  two  sugars  the  reducing  power  of 
each  is  unchanged,  is  only  true,  as  pointed  out  by  Kjeldahl  (Restwie 
du  Compt.  rend,  des  Trav.  du  Laboratoire  de  Carlsherg,  p.  11),  when 
the  total  amount  of  copper  reduced  is  identical  with  that  for  which 
the  specific  reducing  powers  have  been  determined,  a  condition  com- 
plied with  in  these  estimations. 

The  polarimeter  used  was  a  Landolt-Lippich  half-shadow  instrument 
made  by  Schmidt  and  Haensch ;  for  monochromatic  light,  a  Landolt 
sodium  lamp  was  employed,  and  the  light  filtered  through  a  solution 
of  potassium  diehromate.  A  special  feature  of  this  polarimeter  is 
that  the  field  of  view  is  tripartite,  the  two  outer  segments  of  the  field 
changing  together,  and  in  opposite  sense  to  the  central  strip,  an 
arrangement  which  has  been  found  to  be  very  sensitive.  The  instru- 
ment is  graduated  to  read  to  .six  seconds,  and  on  a  series  of  readings 
the  probable  error  in  the  observed  rotation  is  not  greater  than  half  a 
minute. 

The  optical  method  of  estimation  is,  with  a  good  instrument, 
sensibly  more  delicate  than  the  copper  method ;  but  the  latter  is  a 
useful  check  on  the  former.  Using  the  double  method  of  estimation, 
it  would  be  possible  to  calculate  the  percentage  composition  of  a 
mixture  of  the  sugars  even  if  the  total  sugar  concentration  were 
initially  unknown,  whilst  in  the  actual  experiments  the  initial  calcu- 
lation of  the  percentage  of  total  sugar  is  verified  or  checked  by  every 
set  of  estimations,  and  any  slight  destruction  of  sugar  in  the  process 
of  sterilisation  is  at  once  detected. 
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In  experiments  I  and  II,  the  copper  method  alone  was  available ; 
in  the  subsequent  experiments,  both  methods  were  used.  A  single 
sample  removed  from  the  experimental  flask  serves  for  the  two 
methods.  It  is  first  diluted  to  a  2  per  cent,  concentration,  with 
addition  of  sodium  hydroxide  to  02  per  cent.  ;  it  is  then  examined 
polarimetrically  in  a  200  mm.  tube  of  capacity  about  15  c.c.  Subse- 
quently, 10  c.c.  are  withdrawn  from  the  polai'imeter  tube,  diluted  to 
100  c.c,  and  examined  by  the  copper  method. 

The  small  quantity  of  enzyme  solution  present  in  the  diluted 
.samples  has  been  found  insufficient  to  affect  either  the  copper  deter- 
minations or  the  polarimetric. 

Part  III.     Influence  of  Glucose. 

If  during  an  experiment  there  were  no  destruction  of  enzyme,  the 
time  curve  of  a  single  hydrolysis  would  suffice  to  show  whether  the 
products  of  the  reaction  hindei-ed  it  or  not ;  for,  if  in  uthat  case,  the 
glucose  did  not  hinder,  the  velocity  at  any  instant  should  be  simply 
propoi'tional  to  the  quantity  of  unchanged  maltose ;  for  example,  at 
half  conversion  it  should  be  half  the  initial  velocity. 

It  being,  however,  quite  impossible  to  show  that  the  enzyme  escapes 
completely,  and  it  being  even  highly  probable  that  some  slight  destruc- 
tion does  occur,  the  following  scheme  was  used  for  Experiments  I  and 
II.  The  initial  velocities  were  compared  in  two  flasks  each  containing 
a  sugar  solution  of  the  same  total  concentration  and  with  the  same 
proportion  of  enzyme,  the  difference  being  that  in  one  flask  the  sugar 
was,  at  the  beginning  of  the  experiment,  all  maltose,  in  the  other,  half 
maltose  and  half  glucose.  If,  now,  the  glucose  had  no  hindering  effect, 
the  ratio  of  the  initial  velocities  to  one  another  should  not  exceed  2 ; 
actually,  it  was  much  greater.  Taking  for  the  initial  velocity  the 
average  velocity  between  the  initial  and  first  subsequent  titrations, 
the  ratio  of  the  initial  velocities  in  Experiment  I,  where  the  sugar 
concentration  is  4  per  cent.,  is  about  3  ;  in  Experiment  II,  with  a  con- 
centration of  20  per  cent,  it  appears  as  4-85.  Since  the  ratio  of  the 
initial  velocities  has  its  maximum  at  the  commencement  of  the  experi- 
ment, and  thenceforward  diminishes,  the  ratio  of  the  true  initial 
velocities  is  even  greater. 

Experiment  I.     (See  Fig.  1,  p.  642.) 
Sugar  concentration,  4  per  cent. 

Temjjerature  of  hath,  36*^. 

„.     ,  [2  grams  of  maltose  hydrate. 

Flask  A.  L  r  1   ;• 

,^     ,      ,     „  ,  _  ,  2  c.c.  01  enzyme  solution. 

(In  bath,  3.45  p.m.) a  „..  ^      .     r-r. 

^  '  f       /  Water  to  50  c.c. 

\\  c.c.  of  toluene. 
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Flask  B. 
(lu  bath,  4.30  p.m.). 


'1  gram  of  maltose  hydrate. 

1  gram  of  glucose. 

2  c.c.  of  enzyme  solution. 
Water  to  50  c.c, 

1  c.c.  of  toluene. 


For  titration,  5  c.c.  were  taken,  alkalised  with  1  c.c.  of  2  per  cent. 
NaOH,  and  made  up  to  100  c.c.  Time  of  boiling,  4  minutes.  Ratio 
of  reducing  power  of  glucose  to  that  of  maltose,  100  :  38"5. 


Fig.  1. — Experiment  I. 
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Date. 

Flask. 

Titration 
vahie. 

Titration  of 

standard 

glucose 

solution. 

li. 

Conversion 

7^-38 -5 

100-38-5 

March    10   (after- 
noon). 

J* 

5-9x2 
C-75 

4-65 
4-65 

39-4 
G9 

-     1-5  \m  cent. 
61-5               ' 

3JI-49-6     „ 

Marcli    11    (ni(irii- 
ing)     after     18 
liours. 

i: 

7-2 
6-0 

4-6 
4-6 

64 
76 

^-^  =  41-5  per  cent, 
61 '.5 

37-5  _  ^2 

61-6  -  ^^        " 
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Date. 

l-'lask. 

Titration 
value. 

Titration  of 
standard           j, 
glucose 
solution. 

Conversion 

ii;-38-5 

lOU-38-5 

March   12  (morn- 
ing). 

i: 

6-25 
5-7 

4-7 
4-7 

74-4 
81-6 

85-4 
87-8 

=  58 'o  per  cent. 

61  "o 

'^^  =  70        „ 
61-5 

March   15   (morn- 
ing). 

i: 

5-5 
5-35 

4-7 
4-7 

—  76  i)er  cent. 
61-5             ^ 

49-3  -  80       „ 
61-5 

March   18   (morn- 
ing)- 

i: 

5-25 
5-15 

4-7 

4-7 

89-5 
91-3 

^-^  =  83  per  cent. 
61-5             ^ 

^2-8-86       „ 
61-5 

March   23   (morn- 
ing). 

i: 

5-15 
5-05 

4'7 
4-7 

91-3 
93-3 

^^'^  -  86  per  cent. 
61-5            ^ 

^i^  =  89       „ 
61-5 

Initial  velocity  for  A  _  41 '5  -1'5  _    40 
Initial  velocity  for  B  ~   62-49-6        13-6 


=  3  (approx. ). 


Experiment  II.     (See  Fig.  2,  p.  644.) 

Sugar  concentration,  20  per  cent. 
Tevij)erature  of  hath,  36°. 

'4  grams  of  maltose  hydrate. 


Flask  A. 


2  c.c.  of  enzyme  solution. 
Water  to  20  c.c. 
.Toluene. 


Flask  B. 


'2  grams  of  maltose  hydrate. 

2  grams  of  glucose. 

2  c.c.  of  enzyme  solution. 

Water  to  20  c.c. 
1^  Toluene. 


For  titration,  1  c.c.  was  taken,  alkalised  with  1  c.c.  of  2  per  cent. 
NaOH,  and  made  up  to  100  c.c.  Time  of  boiling,  &c.,  as  in  Experi- 
ment I. 


044 

100 '^ 
80% 
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60% 

40% 

30^ 

20% 

10% 

0% 

Mdr  2  3 


HILL:   REVERSIBLE  ZYMOHYDROLYSIS. 

Fig.  2. — Experiment  II. 


c 

.r^tJ 

^ 

y 

0' 

/ 

/ 

)0> 

v 

/ 

/ 

/ 

L 

10  II  12  13  !♦ 


Date. 

Flask. 
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noon). 
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.'>-9x2 
6-7 

4-6 
4-6 

OS  per  cent. 
49-1       ,, 

March  3  (morning) 
after  18  hours. 

{^ 

7-3 
6-3 

4-65 
4-65 

41  ".5  per  cent. 
57-5      „ 

March    4    (morn- 
ing). 

it 

(A 
115 

it 

6-4 
6  0 

4-65 
4-65 

72-7 
77-5 

80-2 
83 

56     per  cent. 
63-5      „ 

March    6     (morn- 
ing). 

5-8 
5-6 

4-65 
4-65 

68     per  cen*:. 
72-5      „ 

March    8     (morn- 
ing)- 

5-5 
5-4 

4-65 
4-65 

84-6 
86  1 

75     per  cent. 
77-5      „ 

March   1 1   (morn- 
ing). 

{t 

5-3 
6-3 

4-65 
4 -05 

87  7 
87-7 

80  per  cent. 
80       „ 

March   15   (morn- 
ing). 

{^ 

5-3 
5-3 

4-7 
4-7 

88-7 
88-7 

81*5  per  cent. 
81-5      ,, 

Initial  velocity  for  A  _    41-5-0-8    _  407  _ 


Initial  velocity  for  B        57-5 -49-1         8  4 


^  4-85. 
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The  hindering  effect  is  shown  more  graphically  in  Figures  3  and  4  of 
Experiments  11 1  and  IV.  Tlie  scheme  adopted  in  these  experiments 
is  rather  different  from  that  of  Experiments  T  and  II.  Two  flasks, 
A  and  B,  each  contain  at  the  beginning  of  the  experiment  the  game 
concentration  of  maltose  and  the  same  concentration  of  enzyme;  in  A, 
however,  there  is,  in  addition,  glucose  of  like  concentration  to  the 
maltose.  If  glucose  had  no  hindering  effect,  the  rate  of  hydrolysis  of 
maltose  in  each  flask  should  be  the  same.  It  is  seen,  however,  to  be 
very  much  slower  in  the  llask  to  which  the  glucose  was  added. 

In  Fifjures  3  and  4  it  will  be  noticed  that,  besides  the  conversion 
curves  of  A  and  B,  there  is  a  third  tracing  called  the  glucose  curve  of 
A.  This  represents  simply  the  percentage  of  glucose  in  the  flask,  and 
is  the  curve  actually  given  by  the  estimations,  the  conversion  curve  of 
the  maltose  in  flask  A  being  derived  from  it  by  deducting  50  for  the  added 
glucose,  and,  of  course,  doubling  the  remainder.  For  example,  if  the 
estimations  showed  that  of  the  total  sugar  in  the  flask  A,  60  per  cent, 
was  glucose  and  40  per  cent,  was  maltose,  it  would  mean  that  20  per 
cent,  of  the  original  maltose  had  been  hydrolysed.  For  flask  B,  the 
glucose  curve  coincides  with  the  conversion  curve. 

Experiment  III.     (See  Fig.  3,  p.  647.) 

Sugar  concentration  in  A,  4  per  cent. 

Sugar  concentration  in  B,  2  per  cent. 

Maltose  hydrate  concentration  in  each  flash,  2  per  cent. 

Temperaticre  of  bath,  36°. 

0-997  gram  of  maltose  hydrate. 

1  gram  of  glucose. 
Flask  A il  c.c.  of  enzyme  solution. 

Water  to  50  c.c. 

Toluene. 


/'r994  grams  of  maltose  hydrate. 
Flask  B  '  ^  ^•^-  ^^  enzyme  solution. 

Water  to  100  c.c. 

ItoIi 


l^Toluene. 

The  flasks  were  closed  with  rubber  stoppers.  For  titration,  5  c.c. 
from  flask  A  were  alkalised  with  1  c.c.  of  a  2  per  cent,  sodium 
hydroxide  solution  and  made  up  to  100  c.c,  and  10  c.c.  from  flask  B 
were  alkalised  with  1  c.c.  of  a  2  per  cent,  sodium  hydroxide  solution  and 
made  up  to  100  c.c.  The  time  of  boiling  was  3  minutes,  and  the  relative 
reducing  powers  of  glucose  and  maltose  hydrate  were  100  and  38 
respectively. 
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Date. 

Flask. 

Titration 
value. 

Titration 

of  standard 

glucose 

solution. 

R. 

I'ereentage 

of  glucose 

in  total 

sugar. 

Percentage 

of  maltose 

converted  to 

glucose. 

June    24    (niorn- 
June  24  (1  ii.m.] 

A 
B 

6-8 
605x2 

47 
4  7 

69-1 
38-8 

50 
1 

0 

1 

June  24  (5  p.m.) 

B 

47x2 

4-65 

49-5 

18 

18 

June  25  (noon). 

(^ 

6-2 
7-0 

47 

47 

75-8 
67-2 

61 

47 

22 
47 

June  26. 

{t 

60 
6-2 

47 
47 

78-3 
75-8 

65 

61 

30 
61 

June  28. 

575 

57 

47 
47 

817 
82-5 

70-5 

72 

41 
72 

July  12. 

{t 

5-45 
5-4 

47 
47 

86-2 
87 

77-5 
79 

55 
79 

July  12. 

{t 

5-1 
5-05 

4  7 
47 

92-1 
93-1 

87 
89 

74 
89 

July  19. 

A 

5-05 

47 

93  •! 

89 

78 

July  19. 

A 

by  polarimeter,  [a]„  at  23''=C0°;  total  glucose,  90  per  cent. 

Experiment  IV.    (See  Fig.  4,  p.  648.) 

Sugar  concentration  in  A,  20  per  cent,  (approx.). 

Su(jar  concentration  in  J>,  10  per  cent,  (approx.). 

Maltose  hydrate  concentration  in  eachjlask,  10  per  cent,  (approx.). 

Temperature  of  hath,  30°. 


Flask  A. 


'4*79  grams  of  maltose  hydrate. 

4  88  grams  of  glucose. 

5  c.c.  of  enzyme  solution. 
Water  to  50  c.c. 
Toluene. 
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Flask  B. 


8*7  grams  of  maltose  hydrate. 
10  c.c.  of  enzyme  solution. 
Water  to  100  c.c. 
^Toluene. 


All  the  solutions  were  sterilised  and  mixed  under  aseptic  conditions, 
and  all  apparatus  which  came  in  contact  with  the  solutions  during 
the  course  of  an  experiment  wei-e  also  carefully  sterilised  ;  the  flasks 
were  closed  with  rubber  stoppers.  For  the  polarimetric  determina- 
tions, 2  c.c.  were  taken  from  flask  A,  alkalised  and  diluted  to  20  c.c.  ; 
from  flask  B,  5  c  c.  were  taken,  alkalised,  and  diluted  to  25  c.c.  The 
concentration  of  the  diluted  solution,  therefore,  in  the  case  of  flask  A, 
was  1'914  per  cent,  and  the  specific  rotatory  power  was  obtained  from 
the  rotation  observed  in  a  200  mm.  tube  by  multiplying  the  readings 
by  26 •125.  In  the  case  of  flask  B,  the  concentration  was  194 
per  cent,  and  the  readings  were  multiplied  by  25'75.  The  tempei'a- 
ture  of  the  water  jacket  was  15°.  The  specific  rotatory  powers  of 
maltose  hydrate  and  glucose  in  2  per  cent,  concentration  at  this 
temperature  were  taken  as  131  "1°  and  52'6°  respectively. 

For  the  titration,  10  c.c.  taken  from  the  polarimeter  tube  were 
diluted  to  100  c.c.  The  concentrations  of  the  solutions  in  the 
burette  in  the  case  of  A  and  of  B  were  0  1 914  per  cent,  and  01 94 
per  cent,  respectively,  and  since  the  concentration  of  the  standard 
glucose  solution  against  which  the  titrations  were  made  was  0"2 
per  cent.,  the  multipliers  1"045  and  1'03  were  introduced  as  cor- 
rections in  the  calculation  of  the  reduction  factors.  The  boiling  was 
continued  for  3  minutes.  The  percentage  of  maltose  converted 
to  glucose  in  flask  A  was  obtained  from  the  determination  of  total 
glucose  by  deducting  the  initial  51  per  cent,  and  doubling  the 
remainder.     The  results  are  given  in  the  table,  p.  650. 

Part  IV.     The  Poeverse  Action. 

It  has  been  shown  in  Part  III  that  the  presence  of  glucose  hinders 
the  hydrolytic  decomposition  of  maltose  by  maltase,  and  it  will  have 
been  noticed  that  the  effect  is  more  marked  in  those  experiments  in 
which  the  sugar  solutions  are  more  concentrated.  The  following 
expex'iments  show  that  this  appearance  of  a  hindering  effect  is  due  to 
a  reverse  action  by  which  glucose  undergoes  change  with  synthetic 
production  of  maltose.  It  will  be  seen  that  in  presence  of  the  enzyme 
solutions  of  glucose  of  sufficient  concentration  there  is  increase  in  optical 
activity  and  decrease  in  cupric-reducing  power,  the  magnitudes  of 
these  changes  having  to  one  another  the  relation  required  on  the 
assumption  that  glucose  is  converted  to  maltose.  No  change  takes 
place  in  control  flasks,  so  that  the  presence  of  the  active  enzyme  is  as 
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essential  for  the  reverse  action  as  for  the  ordinary  hydrolysis ; 
neither  does  a  solution  of  the  enzyme  in  absence  of  sugar  develop  of 
itself  any  such  changes. 

When  the  time  allowed  for  the  progress  of  the  reaction  is  much 
extended,  in  order  to  find  the  limit  of  the  conversion,  the  same 
equilibrium  point  is  approached  whether  maltose  is  being  hydrolysed 
to  glucose  or  glucose  synthesised  to  maltose,  provided  always  that 
the  concentration  of  total  sugar  is  the  same  in  each  case. 

The  position  of  the  equilibrium  point  is  a  function  of  the  concen- 
tration, moving  with  increase  of  the  latter  in  the  direction  of  more 
maltose  and  less  glucose ;  for  example,  a  solution  of  maltose  of  4 
per  cent,  concentration  or  less  does  not  arrive  at  equilibrium  point 
until  nearly  the  whole  is  converted  into  glucose,  whilst  with  solutions 
of  40  per  cent,  concentration  there  is  some  considerable  amount  of 
maltose  present  when  close  to  the  equilibrium  point. 

No  attempt  has  been  made  to  separate  the  synthesised  maltose 
from  the  excess  of  glucose  with  which  it  is  mixed  ;  but  the  osazone 
was  separated  from  its  mixture  with  glucosazone  and  identified,  and 
it  is  hoped  that  the  separation  of  the  sugar  itself  will  shortly  be 
effected. 

In  the  first  experiment  on  the  effect  of  adding  a  solution  of  the 
enzyme  to  a  solution  of  glucose,  a  20  per  cent,  concentration  was 
used.  Here  the  change  was  very  small  and  the  progress  of  the 
reaction  slow,  for  in  nineteen  days  the  specific  rotation  had  only 
increased  by  1°,  corresponding  with  a  back  conversion  of  1'2  per  cent, 
of  the  total  sugar.  The  actual  change  in  the  observed  rotation  was 
5',  or  ten  times  the  probable  error  in  reading,  and  no  change  could  be 
detected  in  the  control  flask  ;  both  these  results  were  confirmed  by 
several  separate  estimations.  In  the  next  experiment,  a  40  per  cent, 
concentration  was  used  and  a  back  conversion  of  7 '5  per  cent,  was 
noted,  the  value  given  by  the  copper  method  agreeing  with  the 
polarimetric  to  the  nearest  whole  number.  In  Experiment  VIII,  of 
which  details  are  appended,  a  freshly-prepared  enzyme  solution  was 
used  with  a  glucose  concentration  of  40  per  cent,  and  a  suflicient  time 
was  allowed  for  the  reaction  to  be  nearly  completed.  As  much  as 
14-5  per  cent,  back  conversion  occurred  in  one  flask  and  15  "5  per  cent, 
in  another  in  which  the  action  was  more  rapid  from  the  presence  of  a 
larger  proportion  of  the  enzyme ;  and  it  is  probable,  from  this  and 
from  Experiment  IX,  in  which  the  equilibrium  point  was  approached 
from  the  other  side,  that  at  this  concentration  there  is  equilibrium 
when  16  per  cent,  of  the  whole  sugar  is  present  as  maltose  (hydrate). 
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Experiment  VIII  (See  Fig.  5), 

Sugar  concentration,  40  per  cent,  (approx.). 

Teinjyerature  of  bath,  30°. 

^9 '81  grams  of  glucose, 
5  c.c.  of  enzyme  solution. 
I  Water  to  25  c.c. 
[Toluene. 


fOO% 


90 /o 


80 ! 


70% 


607. 


50? 


40% 


30% 


20  7o 


10% 


0% 


Flask  A. 


X 


rSOS  grams  of   glucose       "j 

Flask  B I  2  c.c.  of   enzyme  solution  !-boiled 

(control)  1  Water  to  10  c.c.  j 

I^Toluene. 

'19-65  grams  of  glucose. 

15  c.c.  of  enzyme  solution. 

Water  to  50  c.c. 
, Toluene. 

Fig.  5. 
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For  the  estimations,  1  c.c.  was  withdrawn  and  weighed,  and  after 
adding  1  c.c.  of  0'4  per  cent,  sodium  hydroxide  solution  was 
diluted  to  20  c.c,  and  examined  by  the  polarimeter.  Ten  c.c.  taken 
from  the  polarimeter  tube  were  diluted  to  100  c.c,  and  examined  by 
the  copper  method. 

The  lower  curves  in  Figure  5  show  the  percentage  of  maltose  formed 
in  the  three  flasks  of  Experiment  VIII. 

In  order  to  find  the  point  of  equilibrium  for  a  40  per  cent,  concen- 
tration, Experiment  IX  was  so  arranged  that  the  equilibrium  point 
should  be  approached  from  the  side  opposite  to  that  in  Experiment 
VIII.  Instead,  however,  of  starting  with  all  maltose,  a  mixture  of 
75  parts  glucose  and  25  parts  maltose  hydrate  was  used,  that  is,  a 
concentration  of  30  per  cent,  glucose  and  10  percent,  maltose  hydrate, 
since  it  had  been  found  that  a  40  per  cent,  concentration  of  maltose 
caused  a  precipitate  in  the  enzyme  solution,  whilst  a  somewhat  higher 
concentration  of  glucose  did  not.  The  upper  curves  in  Figure  5  show 
the  course  of  hydrolysis  in  Experiment  IX,  compared  with  the  back 
conversion  in  flask  C,  Experiment  VIII.  For  the  purpose  of  compa- 
rison, the  glucose  curve  of  the  latter  is  given,  the  maltose  curve  being 
at  the  lower  part  of  the  same  figure. 


Experiment  IX  (See  Fig.  5,  p.  652). 

Sugar  concentration,  40  per  cent,  (approx.). 
Temperature  of  hath,  30°. 

0"98  gram  of  maltose  hydrate. 
2 '95  grams  of  glucose. 
2  c.c.  of  enzyme  solution. 
Water  to  10  c.c. 

f  75  per  cent,  of  total  sugar  =  glucose. 

(25         „  ,,         „      =  maltose  hydrate. 


At  start 


Date. 

Weight  of 

the  1  c.c. 

withdrawn. 

Weight  of 

sugar  iu 

20  c.c.  for 

liolarimeter 

or  iu  200  c.c. 

for  titration. 

Observed 
rotation. 

["].. 

Percentage 
of  glucose 

in  total 

sugar. 

March  11 

1'154  gi-ams 

0-394  gram 

2-84° 

72-1° 

75 

March  24 

1'156  grams 

0-395  gram 

2-76° 

69-9° 

78 

April  12 

1"147  grams 

0  392  gram 

2-61° 

66  6° 

82 

May  6 

1'153  grams 

0  394  gram 

2-56° 

65° 

84     1 

1  mean 

May  6.    I'y  copper  method,  /i  =  89  ;  percentage  of  glucose  in  total  sugar  =  82 
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The  Equilibrium  Points. 

While  the  limit  reached  in  Experiment  IX  was  83*25  parts  of 
glucose  to  16-75  parts  of  maltose  hydrate,  in  Experiment  VIII  it  was 
15  parts  of  maltose  hydrate  to  85  parts  of  glucose  ;  and,  since  in  these 
experiments  the  equilibrium  point  was  approached  from  opposite  sides, 
its  position  must  lie  somewhere  between  these  points,  and  not  far  from 
84  parts  of  glucose  to  16  parts  of  maltose  hydrate.  The  flasks  A  and 
B  in  Experiment  IV,  with  concentratioos  of  20  per  cent,  and  10  per 
cent,  respectively,  were  allowed  to  remain  in  the  bath  at  30°  for  some 
months  after  the  period  mapped  in  Figure  4,  until  all  action  appeared 
to  have  stopped ;  the  limits  then  reached  were  90 '5  per  cent,  for  the 
20  per  cent,  concentration,  and  94-5  per  cent,  of  glucose  for  the  10 
per  cent,  concentration.  In  another  experiment  with  4  per  cent,  con- 
centration, 98  per  cent,  of  the  maltose  hydrate  was  converted  into 
glucose,  and  with  2  per  cent,  concentration  99  per  cent,  has  been 
converted.     These  results  may  be  tabulated  thus. 


Sugar  conccutratiou. 

Percentage  of  maltose  hydrate 
hydrolysed  to  glucose. 

40  per  cent. 
20         „ 
10 

4 

2         „ 

- 

About  84 
At  least  90-5 
„       94-5 
„       98 
,,       99 

■  In  dilute  solutions,  therefore,  hydrolysis  is  practically  complete  ; 
with  a  concentration  of  20  per  cent.,  a  revei'se  action  can  be  detected  ; 
and  with  a  concentration  of  40  per  cent.,  it  is  well  marked. 

The  Osazone. 

In  each  of  the  experiments  made  to  test  the  reverse  action,  a  part 
of  the  contents  of  the  flask  was  treated  with  phenylhydrazine,  and  a 
more  soluble  osazone  separated  from  the  excess  of  glucosazone  by  ex- 
traction and  recrystallising ;  the  osazone  had,  in  each  case,  the  crys- 
talline character  of  maltosazone.  Examination  of  the  control  flasks 
gave  a  negative  result.  In  Experiment  VIII,  a  more  extended  exami- 
nation of  this  osazone  was  made.  It  was  prepared  as  follows :  a 
portion  of  the  contents  of  the  flask  was  diluted  with  twice  its  volume 
of  water,  a  few  drops  of  acetic  acid  added,  and  the  whole  boiled  on  the 
water  bath  until  a  clear  filtrate  could  be  obtained.  It  was  then  treated 
on  the  water  bath  with  phenylhydrazine  hydrochloride  and  sodium 
acetate,  the  volume  being  such  that  the  total  sugar  was  in  a  concen- 
tration of  about  10  grams  in  150  to  170  c.c.  The  mixture  quickly 
became  almost  solid  from  separation  of  glucosazone,  which  was  three 

X  X  2 
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Frn.  6. 


times  filtered  off  on  a  hot  funnel.  The  solution,  having  been  at  the 
boiling  point  for  1|  hours  in  all,  was  then  allowed  to  cool  in  the 
water  bath,  and  the  crystals,  which  sepai^ated  on  cooling,  were  ex- 
tracted with  boiling  water,  and  the  soluble  part  recrystallised,  this 
process  being  repeated  ;  crystalline  plates  resembling  those  of  ordinary 
maltosazone  were  finally  obtained.  There  was,  however,  more  ten- 
dency for  these  plates  to  be  deposited  around  a  central  axis  than  was 
observed  in  an  osazone  prepared  from  pure  maltose,  but  not  differing 
in  this  respect  from  a  maltosazone  prepared  from  a  trial  mixture  of 
pure  maltose  and  glucose,  1  part  of  the  former 
to  9  of  the  latter,  to  which  also  some  boiled 
enzyme  solution  had  been  added  in  the  propor- 
tion usual  in  the  preceding  experiments  (see 
Fig.  6). 
*  The  osazone  prepared  from  Experiment  VIII, 

'  when  the  proportion  of  synthesised  maltose  had 
reached  10  per  cent.,  melted  at  174 — 176°,  and 
another  preparation,  perhaps  further  purified,  at 
178 — 180°.  The  osazone  made  from  the  test 
mixture,  containing  ordinary  maltose,  melted  at  173°,  and  that  from 
Experiment  VIII,  when  the  proportion  of  synthesised  maltose  had 
reached  14  to  15  per  cent,  of  the  total  sugar,  at  186°.  All  these 
osazones  showed  signs  of  change  below  these  temperatures,  although  in 
each  case  the  bulk  melted  suddenly  at  the  temperature  given.  When 
it  is  considered  how  greatly  the  melting  point  of  maltosazone  is 
depressed  by  a  small  amount  of  impurity,  186°  is  not  lower  than 
might  be  expected  in  the  circumstances  under  which  the  substance  was 
obtained.  The  melting  point  of  maltosazone  first  given  by  Fischer 
was  193°,  and  afterwards  206°,  whilst  the  melting  point  of  isomalt- 
osazone  is  about  150°. 

Analysis  of  the  osazone  of  the  synthesised   sugar  by  combustion 
with  the  aid  of  a  Sprengel  pump,  gave  the  following  results. 


v'v 


Osazone. 

COj  at  0°  and       Nj  at  0°  and 
760  mm.       i        760  mm. 

Percentage  of 
carbon. 

Percentage  of 
nitrogen. 

Rutio 
C:N. 

0  0325  gram 

33-3  c.c. 

2*7  c.c. 

55-3 

10-46 

5-29 

0-035  gram 

35-9  c.c. 

3-1  c.c. 

65-3 

11  1 

4-98 

Calculated  for 

maltosazone    

55-4 

10  77 

5-14 

Calculated  for 

glucosazonc 

60-4 

15-65 

3-86 

HILL:    REVERSIBLE   ZYMOHYDROLYSIS.  657 

It  is,  therefore,  the  osazone  of  a  sugar  of  the  CjgHo-i^ii  class.  The 
possibility  of  its  being  isomaltosazone  is  excluded  by  its  solubility  in 
water  at  100°,  its  melting  point,  and  its  crystal  form,  in  each  of  which 
particulars  it  differs  widely  from  isomaltosazone,  and  resembles 
ordinary  maltosazone. 


Summary  of  Evidence  for  the  Reverse  Action. 

1.  The  hydrolysis  of  maltose  by  the  enzyme  is  hindered  by  the 
presence  of  glucose.  It  is  incomplete,  and  both  these  effects  are  more 
marked  the  more  concentrated  the  solution. 

2.  When  a  concentrated  solution  of  glucose  is  treated  with  the 
enzyme,  the  optical  activity  increases  pari  passu  with  a  decrease  in 
reducing  power,  the  amounts  of  these  changes  having  that  mutual 
relation  which  is  required  on  the  assumption  that  glucose  disappears 
and  maltose  is  formed. 

3.  The  same  equilibrium  point  is  approached  whether  one  starts 
with  a  solution  of  maltose  or  with  a  solution  of  glucose  of  the  same 
concentration. 

4.  When  the  presence  of  synthesised  maltose  has  been  tested  by  the 
use  of  phenylhydrazine,  an  osazone  has  been  obtained  having  the 
percentage  composition  and  the  ordinary  physical  characteristics  of 
maltosazone. 

A  reverse  action  in  the  case  of  the  zymolysis  of  maltose  suggests 
that  other  enzyme  actions  are  also  reversible.  In  the  majority  of 
cases  it  is  very  doubtful  whether  such  reverse  action  would  admit  of 
demonstration,  for  even  in  the  present  case  the  sugar  solution  must 
be  of  high  concentration,  and  in  the  cases  where  the  substances  are 
of  high  molecular  weight  and  where  the  products  of  the  hydrolysis 
are  heterogeneous,  the  concentration  would  probably  have  to  be  far 
higher  than  could  be  attained. 

As  to  whether  the  reverse  action  occurs  in  living  cells,  it  is  worth 
while  pointing  out  that  it  is  by  no  means  necessary  for  a  high  con- 
centration to  be  realised  ;  it  is  only  necessary  for  the  synthesised 
product  to  be  removed,  perhaps  by  further  synthesis  through  the 
agency  of  another  enzyme,  the  process  being  repeated  vintil  an  in- 
soluble substance  is  formed.  To  take  a  concrete  example  :  in  the 
animal  body  glucose  is  present,  also  an  enzyme  capable  of  hydrolysing 
maltose,  but  no  maltose  is  found.  The  hydrolysis  of  maltose  takes 
place  extra-cellularly  in  the  alimentary  canal ;  it  is  possible  that  the 
reverse  process  takes  place  intra-cellularly,  the  maltose  being  further 
dealt  with  as  fast  as  it  is  formed,  so  that  its  concentration  is  kept 
practically  nil.      Many  applications  of   this  idea  in  physiology  and 
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pathology  suggest  themselves  but    will    be    reserved  for  future  in- 
vestigation. 

Part  of  the  expenses  of  this  research  were  defrayed  by  a  grant 
from  the  Government  Grants  Committee  of  the  Royal  Society.  I 
desii-e  to  record  my  thanks  to  this  Committee  and  also  to  the  Com- 
mittee of  the  Davy-Faraday  Laboratory  of  the  Koyal  Institution  for 
allowing  me  the  use  of  a  laboratory  and  of  the  greater  part  of  my 
apparatus.  The  earlier  part  of  the  work  was  done  in  the  Medizinisch- 
Chemisch.  Institut,  Bern,  by  the  kind  permission  of  the  late  Pro- 
fessor Drechsel. 

Davy-Faraday  Laboratory, 

Royal  Institution,  London. 


LXVII. — Pr'eparation  of  a  Standard  Acid  Solution  hy 
direct  ahsorption  of  Hydrogen  Chloride. 

By  G.  T.  Moody. 

A  VERY  rapid  and  accurate  method  of  preparing  a  standard  acid 
solution  consists  in  absorbing  gaseous  hydrogen  chloride  in  water, 
determining  the  increase  in  weight,  and  subsequently  diluting  to  a 
known  bulk.  The  absorption  is  conveniently  carried  out  in  a  conical 
flask,  A,  having  a  capacity  of  about  80  c.c.  The  flask  is  closed  by  a 
glass  stopper,  through  which  pass  two  tubes,  one  ending  immediately 
beneath  the  stopper ;  the  other,  through  which  the  gas  is  admitted, 
reaching  nearly  to  the  bottom  of  the  flask,  and  having  its  end  drawn 
out  to  a  fine  point  and  turned  upwards.  The  upper  ends  of  the  tubes 
are  bent  at  right-angles  in  oppo.site  directions,  and  are  fitted  with 
rubber  ends  and  light  glass  caps.  The  hydrogen  chloride  is  generated 
either  by  heating  fused  salt  or  clesr  rock  salt  with  a  large  excess  of 
sulphuric  acid,  or  by  allowing  pure  sulphuric  acid  to  drop  into  com- 
mercial muriatic  acid.  If  the  first  of  these  methods  is  em[)loyed,  no 
drying  apparatus  is  necessary  ;  but  the  gas  prepared  from  muriatic 
acid  is  moist,  and  must  be  dried  by  passing  it  through  a  U-tube 
containing  pumice  moistened  with  sulphuric  acid.  In  either  case,  a 
'  blow-off '  arrangement,  B,  is  necessary,  the  surplus  gas  passing  through 
a  mercury  seal  and  dissolving  in  water. 

When  a  steady  stream  of  gas  is  being  evolved,  and  the  generating 
flask  is  known  to  be  free  from  air  by  the  evolved  gas  dissolving  com- 
pletely in  water,  the  absorption  flask.  A,  containing  about  40  c.c.  of 
water  and  previously  weighed,  is  attached  to  the  generating  flask,  and 
the  gas  turned  on.     A  piece  of  glass  tubing  is  then  joined  to  the 
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rubber  tube  terminating  the  second  tube,  C,  of  the  absorption  flask, 
and  by  gently  sucking,  a  slight  vacuum  is  produced  in  the  absorption 
flask;  the  rubber  is  then  pinched  and  the  glass  cap  replaced,  whereby  the 
contents  of  the  flask  remain  under  reduced  pressure.  After  three  or 
four  minutes  absorption,  during  which  the  absorption  flask  may  be 
cooled  by  immersion  in  water,  the  rubber  connecting  the  generating 
flask  with  the  absorption  flask  is  gently  pushed  off  the  tube  leading 
from  the  genei'ating  flask,  and  the  reduced  pressure  in  the  absorption 


flask  leads  to  the  gas  contained  in  the  tube  being  immediately  absorbed 
without  water  passing  up  the  tube.  The  absorption  flask.  A,  is  then 
cooled  and  weighed,  and  the  contents  of  the  flask,  and  all  acid  adhering 
to  the  stopper  and  tubes,  is  washed  into  a  half-litre  flask  and  made  up 
to  bulk.  From  2  to  4-8  grams  of  gas  are  absorbed  in  3  minutes. 
The  whole  operation  is  extremely  simple,  and  the  accuracy  of  the 
method  may  be  judged  by  the  following  numbers. 


Weight  of  gas 
absorbed. 

Experiment  1 2-942 

2 3-117 

3 3-019 

4 3-875 

5 3-0487 

6 2-9016 


Wt.  of  acid  given  by 

precipitation  of 

aliqirot  part  with 

silver  nitrate. 

2-939 

3-103 

3-016 

3-037 
2-9007 


Wt.  of  acid  given 
by  titration  against 
precipitated  CaCOs. 


3-017 
3-869 
3-036 
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In  generating  hydrogen  chloride  for  absorption  from  salt,  com- 
mercial oil  of  vitriol  may  be  used ;  but  if  the  gas  be  prepared  from 
muriatic  acid,  it  is  desirable  to  have  the  sulphuric  acid  free  from 
nitric  acid. 

Central  Technical  College, 
South  Kensington. 


IjXVIII. — Constituents  of  the  Indian  Dijestuff  Waras, 

Flemingia  Congesta. 

By  Arthur  George  Perkin,  F.R.S.E. 

During  the  investigation  of  kamala  {Mallotus  Philijrpinensis)  (Trans., 
1893,63,  975  ;  1894,  65,  232),  my  attention  was  directed  to  an  Indian 
product  termed  "  waras,"  *  which,  in  its  general  reactions,  closely  re- 
sembled this  dyestuff.  Application  was  at  that  time  made  to  the 
authorities  of  the  Imperial  Institute  for  a  supply  of  this  material,  but 
although  they  have  taken  much  trouble  to  fulfil  this  request  they  have 
only  been  able,  owing  to  the  scarcity  of  the  drug,  to  place  in  my 
hands  during  the  past  few  weeks  about  3tj  ounces  for  investigation. 
As  the  prospect  of  obtaining  a  further  quantity  was  very  remote,  this 
was  submitted  to  examination  with  the  hope  of  isolating  its  principal 
constituents,  and  determining  if  these  resembled,  or  were  in  any  way 
related  to,  those  present  in  kamala.  The  work  must  be  considered 
obviously  to  partake  more  of  the  nature  of  a  preliminary  notice  than 
a  full  investigation. 

Waras  consists  of  a  purplish,  resinous  powder,  which  covers  the 
seed  pods  of  Flemingia  congesta,  an  erect,  woody  shrub  growing  in  the 
thickets  and  forests  of  the  warmer  part  of  India.  According  to  Watt 
(Dictionary  of  Economic  Products  of  India,  vol.  iii,  p.  482),  it  is  collected 
in  Africa  also,  in  the  neighbourhood  of  Harrar,  and  is  sent  to  Arabia, 
chiefly  to  Yemen  and  Hadhramant,  where  it  is  used  as  a  dye,  as  a 
co.smetic,  and  as  a  specific  against  cold.  Here,  however,  it  is  spoken 
of  as  a  red  powder,  which  is  peculiar,  for  my  own  sample  and  one  I 
have  seen  in  the  collection  of  Sir  Thomas  Wai'dle  of  Leek,  has  a 
purplish  colour,  as  mentioned  above.  According  to  Sir  Thomas  Wardle 
(ibid.),  waras  is  a  distinctly  inferior  dye  to  kamala,  and  contains  only 
a  small  amount  of  colouring  matter  compared  with  the  yellow  vegetable 
dyes  of  commerce.  It  is  suitable  as  a  dye  for  .silk  rather  than  for 
wool,  but  is  quite  useless  with  cotton.  It  has  been  introduced  into 
England  from  Aden,  as  an  adulterant  or  substitute  for  kamala 
(Fliickiger  and  Hanbury's  Pharmacoyraphia,  1879,  576).     Under  the 

*  Also  named  "w.irs"  and  "wurrus. " 
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microscope,  waras  appears  as  transparent,  orange-brown  lumps,  fre- 
quently circular  and  closely  resembling  kamala.  Fui-ther,  when 
destructively  distilled,  the  pungent,  acrid  odour  which  is  so  character- 
istic of  kamala  when  similarly  treated  is  at  once  noticed.  With 
alcohol,  it  yields  an  orange-coloured  extract,  and  with  dilute  alkalis  an 
orange-brown  solution. 

'    Experimental. 

Waras  was  thoroughly  extracted  with  carbon  bisulphide  in  a 
Soxhlet's  apparatus  (extract  A),  and  when  dry  with  chloroform  in 
the  same  manner,  the  latter  operation  requiring  about  three  days. 
The  chloroform  extract  left  overnight  deposited  a  finely  divided, 
reddish  precipitate  (crude  high  melting  resin),  which  was  collected  on 
the  pump  and  washed  with  chloroform.  The  filtrate,  on  spontaneous 
evaporation,  gradually  deposited  a  reddish  product  similar  to  the  above, 
but  of  a  more  sandy  or  less  gelatinous  character ;  this  was  collected, 
washed  with  chloroform,  dissolved  in  boiling  toluene,  and  the  crystal- 
line powder  which  separated  on  cooling  was  recrystallised  in  the 
same  manner,  employing  animal  charcoal.  It  was,  however,  not 
always  possible  to  so  readily  isolate  this  crystalline  principle, 
the  product  being  sometimes  contaminated  with  a  resin  which  impeded 
crystallisation  ;  when  this  occurx'ed,  it  was  again  dissolved  in  excess 
of  chloroform,  that  which  separated  immediately  on  cooling  being 
rejected,  and  the  deposits  obtained  by  the  fractional  evaporation  of  the 
filtrate  examined  in  turn  as  to  their  crystalline  property.  The  sub- 
stance appeared  to  be  pure  when  its  hot  toluene  solution,  on  cooling, 
did  not  become  opaque  before  the  crystals  separated.  About  3  grams 
were  thus  prepared. 

0-1087  gave  0-2816  CO,  and  0-0628  H2O.     C  =  70-65;  H  =  6-41. 

0-1024     „     0-2640  CO^"  and  0-0547  H2O.     C  =  70-31 ;  H  =  5-93. 

^12^12^3  I'equires  C  =  70-59  ;  H  =  5-8S  per  cent. 

Flemingin,  which  is  the  name  proposed  for  the  substance  thus  ob- 
tained, is  a  dull,  orange-red,  crystalline  powder,  having  a  faint  lustre, 
and,  under  the  microscope,  is  seen  to  consist  of  stai'-shaped  groups  of 
small  prismatic  needles.  In  appearance  it  could  be  readily  mistaken 
for  rottlerin,  the  principal  crystalline  constituent  of  kamala,  although 
the  latter  is  paler,  and  is  of  a  more  salmon-coloured  tint.  It  is  sparingly 
soluble  in  hot  toluene  and  chloroform,  almost  insoluble  in  carbon  bi- 
sulphide, but  readily  soluble  in  cold  alcohol  and  acetic  acid,  the  latter 
properties  distinguishing  it  from  rottlerin,  which  is  only  sparingly 
soluble  in  these  liquids  even  when  boiling.  Solutions  of  the  alkaline 
hydi-oxides  dissolve  it  in  the  cold  with  a  deep,  orange-red,  brown  tint 
(rottlerin  dissolves  with  an  orange  coloration),  and  these  solutions 
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when  boiled,  although  evidently  suffering  gradual  decomposition,  do 
not  deposit  resinous  matter  as  is  the  case  with  rottlerin.  It  is  soluble 
in  sodium  carbonate  solution  only  on  gentle  warming.  When  heated, 
it  melts  at  171—172°  (rottlerin  at  198— 200°),  and  when  destructively 
distilled  evolves  a  pungent  acrid  odour,  whilst  a  thick,  brown  oil  con- 
denses, properties  which  are  also  characteristic  of  rottlerin.  In  some 
other  properties  also  it  resembles  the  lattei",  for  both  give  a  brownish- 
black  coloration  with  alcoholic  ferric  chloride,  and  the  alkaline  solu- 
tions in  each  case  are  decolorised  by  zinc  dust. 

Dyeing  Vroperties. — It  will  be  remembered  (Joe,  cit.)  that  the  dyeing 
properties  of  rottlerin  in  regard  to  silk  and  wool  are  only  exhibited  by 
its  solutions  in  hot  alkali  carbonates,  and  its  behaviour  in  this  respect 
is  not  due  to  the  deposition  of  rottlerin  on  the  fibre,  but  of  one  or 
other  of  the  decomposition  products  which  result  from  the  action  of 
the  alkali ;  this  decomposition  is  pi-eceded  by  the  formation  of  a 
sparingly  soluble  alkali  salt,  which  is  then  decomposed,  principally 
into  a  substance  I  have  termed  rottlorone. 

Experiment  showed  that  flemingin  possessed  similar  properties. 
Silk  suspended  in  a  solution  of  the  substance  in  dilute  sodium  car- 
bonate, and  the  whole  gradually  raised  to  boiling  heat,  was  dyed  golden 
yellow,  slightly  duller  than  the  shade  given  by  rottlerin.  Comparative 
dyeing  trials  between  these  colouring  matters  (0"05  gram  of  each,  1 
gram  Na^COg  and  70  c.c.  water)  indicated  that  flemingin  possessed 
much  stronger  dyeing  power  than  rottlerin ;  for  instance,  strips  of 
silk,  0*24  gram  each,  were  inserted  into  each  dye  vessel,  and  with- 
drawn when  a  full  shade  was  produced,  others  being  put  in  their 
place,  and  although  the  bath  containing  flemingin  dyed  six  of  these, 
and  even  then  was  unexhausted,  the  rottlerin  gave  a  satisfactory  re- 
sult with  only  one  such  strip.  Evidently,  therefore,  flemingin  is  more 
slowly  decomposed  by  the  hot  carbonate  solution,  or  the  decomposition 
products  are  soluble  in  the  alkaline  liquid,  whereas  rottlerin  is  well 
known  to  be  rapidly  attacked  with  the  formation  of  substances  in- 
soluble in  this  reagent. 

Decomposition  with  Fused  Alkali. — Flemingin  was  heated  with  about 
20  times  its  weight  of  potassium  hydroxide  and  a  little  water  at  160° 
for  45  minutes  ;  it  did  not  dissolve  completely,  a  dark,  brown  resinous 
matter  floating  on  the  liquid,  a  behaviour  chai'acteristic  of  i-ottlerin 
and  the  resinous  constituents  of  kamala.  The  melt  was  dissolved  in 
water,  and  the  brown  solution  neutralised  with  acid,  when  a  dark, 
resinous  precipitate  separated,  and  there  was  a  pungent  odour  of  acetic 
acid.  The  mixture  was  then  extracted  with  ether,  the  extract  evapo- 
rated, the  brown,  sticky  residue  extracted  with  boiling  water,  and  the 
solution  neutralised  with  sodium  hydrogen  carbonate  and  again  ex- 
tracted with  ether.     From  the  aqueous  liquid  ?ifter  acidification,  ether 
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removed  a  crystalline  product  in  very  small  quantity,  which  was  found 
to  consist  of  two  substances  ;  these  were  separated  as  follows.  An 
ethereal  solution  of  the  residue  was  diluted  with  its  own  bulk  of  light 
petroleum  (b.  p.  60 — 80°),  and  the  mixture  evaporated  until  the 
liquid  became  cloudy,  and  on  cooling  deposited  indistinct  crystals ; 
these  were  collected  (the  filtrate  i-eserved)  and  recrystallised  from 
benzene.  The  product  consisted  of  pale  yellow,  microscopic  needles 
melting  at  182 — 184°,  although  not  sharply  ;  with  ferric  chloride,  it 
gave  a  deep  violet  coloration.  On  sublimation,  colourless  needles 
were  obtained,  but  here  evidently  decomposition  takes  place,  for  these 
begin  to  melt  at  150°. 

On  evaporating  the  light  petroleum  solution  from  which  the  crystals 
had  been  deposited,  long,  colourless  needles  of  salicylic  acid  were  ob- 
tained melting  at  155 — 156°,  and  giving  a  violet  coloration  with 
ferric  chloride.  The  products  of  the  action  of  alkali  consists,  there- 
fore, of  salicylic  acid,  acetic  acid,  and  an  acid  of  higher  melting  point, 
which,  owing  to  lack  of  material,  it  was  impossible  to  identify. 
Knowing  that  rottlerin  contains  a  cinnamyl  nucleus,  the  formation 
from  llemingin  of  acetic  and  salicylic  acids  suggests  as  possible  that 
this  may  be  a  crude  orthohydroxycinnamic  acid. 


The  Resin  oj  High  Melting  Point. 

The  crude  resin  of  high  melting  point  (page  661)  obtained  during  the 
isolation  of  ilemingin  was  dissolved  in  a  large  bulk  of  boiling  chloro- 
form and  the  jflaky  deposit  which  separated  on  cooling  treated  again 
in  a  similar  manner.     It'  was  finally  crystallised  (1)  from  toluene. 

0-1186  gave  0-3082  CO2  and  0-0637  HgO.     0  =  7087;  H  =  5-96. 
O^gHigOg  requires  0  =  70-59  ;  H  =  5  -88  per  cent. 

The  product  was  a  brick-red  powder  which,  when  heated,  showed  signs 
of  sintering  at  133°  and  melted  at  162—167°.  Under  the  microscope, 
in  the  moist  condition,  it  was  seen  as  small,  transparent,  gelatinous 
nodules  devoid  of  crystalline  appearance,  and  all  attempts  to  obtain 
it  crystalline  have  hitherto  been  unsuccessful.  In  its  behaviour 
with  the  alkali  carbonates  and  hydroxides,  it  resembles  flemingin, 
except  in  the  colour  of  the  solutions,  which  are  distinguished  by  their 
strongly-marked  brown  tint.  This  is  also  readily  observed  in  the 
dyeing  properties  of  this  resin,  which  are  of  a  duller  and  more  reddish 
tint  than  those  given  by  flemingin.  Fused  with  alkali  at  200 — 220° 
there  were  formed  a  resinous  product,  acetic  acid,  and  a  colourless, 
crystalline  acid  which  had  the  properties  of  salicylic  acid. 
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The  resin  of  high  melting  point  is  evidently  closely  allied  to 
flemingin,  but  its  properties  ai'e  sufficiently  characteristic  to  denote 
that  it  is  not  an  impure  form  of  that  substance.  It  is  present  in  small 
quantity  only. 

The  Yellow  CrystalliTie  Colouring  Matter. 

The  chloroform  mother  liquors  from  the  purification  of  the  above 
resin  were  allowed  to  evaporate  spontaneously,  and  the  precipitate 
which  formed  collected  from  time  to  time.  The  deposits  first  formed 
had  the  characteristics  of  the  above  resin,  but  eventually  a  very  small 
quantity  of  a  light  yellow  pi'oduct  separated  ;  a  solution  of  this  in  hot 
toluene,  on  cooling,  became  semi-solid  from  the  separation  of  crystals, 
which  were  then  recrystallised  in  a  similar  manner  ;  0'09  gram  was 
thus  obtained.  Analysis  gave  0  =  6997;  H  =  575,  numbers  resembling 
those  required  by  flemingin.  It  formed  a  lustrous,  glistening  mass 
of  pale  yellow  needles  melting  at  165 — 166°,  sparingly  soluble  in 
toluene,  readily  in  alcohol.  The  alkali  and  alkali  carbonate  solutions 
dissolved  it  with  an  orange-red  coloration,  and  with  alcoholic  ferric 
chloride  it  gave  a  brownish-black  liquid.  It  is  interesting  to  notice 
that  kamala  contains  also  a  minute  trace  of  an  analogous  substance 
which  has  been  termed  homorottlerin,  and  for  the  present  it  is  proposed 
to  distinguish  this  waras  product  as  homojlemingin. 


The  Resin  of  Low  Melting  Point. 

This  substance,  which  is  the  principal  constituent  of  waras,  is  present 
in  considerable  quantity  in  the  chloroform  mother  liquors  described 
above,  and  also  in  the  carbon  bisulphide  extract  (A).  As  flemingin 
itself  is  but  little  soluble  in  the  latter  solvent,  it  seemed  probable  that 
from  this  a  pure  substance  could  be  more  readily  isolated. 

Extract  A,  on  cooling,  deposited  a  somewhat  sticky  product  from 
which  a  small  amount  of  a  crystalline  substance  resembling  flemingin 
was  isolated.  The  filtrate  was  then  allowed  to  evaporate  spontane- 
ously, and  any  further  precipitate  which  formed  was  removed.  A 
transparent,  vitreous  residue  was  finally  obtained,  in  which  a  wax 
was  present ;  this  could  be  removed  by  dissolving  the  mass  in  ether, 
and  agitating  the  solution  with  very  dilute  alkali,  in  which  the  resin 
alone  was  soluble.  The  alkaline  solution  was  now  acidified,  extracted 
with  pure  ether,  the  extract  evaporated,  and  the  residue  dried  at  110° 
until  the  weight  was  constant. 

0-1175  gave  0-.3075  (JO.  and  00672  11,0.     C  =  71-37  ;  H  -  6-35 
CjgH^^Og  requires  C  =  7 1-56  ;  H  =  6-42  per  cent. 


INDIAN    DVESTUFF    WARAS,   FLEMINGIA   CONGESTA.  665 

It  consists  of  a  transparent,  brittle  mass  of  a  deep  orange-brown 
colour  melting  below  100°,  readily  soluble  in  alcohol,  ether,  and  chloro- 
form, somewhat  more  sparingly  in  carbon  bisulphide.  The  alkali 
hydroxides  dissolve  it  with  a  coloration  closely  resembling  that  given 
by  the  resin  of  high  melting  point  and  it  differs  in  this  respect  from 
the  resin  of  low  melting  point,  also  present  to  a  considerable  extent  in 
kamala  the  alkaline  solutions  of  which  have  an  orange  tint.  In 
other  respects,  however,  it  closely  resembles  the  kamala  product,  and 
on  dry  distillation  evolves  a  pungent  odour,  with  condensation  of  a 
thick,  brown  oil  so  characteristic  of  this  class  of  substance. 

On  fusion  with  alkali  at  200 — 220°,  a  colourless,  crystalline  acid 
melting  at  155 — 156°,  identified  as  salicylic  acid,  and  a  resinous 
product  were  formed ;  the  presence  of  acetic  acid  was  also 
detected. 

If  kamala  resin,  and  also  rottlerin,  be  dissolved  in  nitric  acid  of 
sp.  gr.  I'o,  and  the  solution  rapidly  evaporated,  paranitrobenzoic  acid 
and  oxalic  acid  are  the  chief  products.  Experiments  carried  out  in  a 
similar  manner  with  the  above  substance  yielded,  however,  oxalic  acid 
only. 

Summary  of  Results. — This  investigation  indicates  that  waras  con- 
tains five  distinct  substances,  namely,  flemingin,  homoflemingin,  resins 
of  high  and  low  melting  points,  and  a  wax.  Although  these  are  not 
identical  with  any  constituent  of  kamala,  the  analogy  between  these 
drugs  is  remarkable,  for  from  the  latter  rottlerin,  homorottlerin,  a 
high  and  low  melting  resin  and  a  wax  can  be  isolated  {loc.  cit.).  The 
products  from  both  sources,  moreover,  have  many  special  characteristics 
in  common,  and  there  can  be  but  little  doubt  that  a  close  chemical 
relationship  exists  between  them.  The  kamala  substances  contain,  as 
I  have  previously  pointed  out  {loc.  cit.),  acinnamyl  nucleus  and  thus,  by 
decomposition  with  alkali  give  benzoic  and  acetic  acids  ;  those  from 
waras,  on  the  other  hand,  yield  in  the  same  way  salicylic  and  acetic 
acids,  which  suggests  they  may  contain  a  hydroxycinnamyl 
group. 

It  should  be  pointed  out  that  rottlerin  has  an  exceedingly  high 
molecular  weight,  namely  570,  and  although  this  is  probably  the  case 
with  flemingin  and  the  accompanying  substances,  simple  formulae  have 
been  adopted  until  this  can  be  put  to  proof. 

Dyeing  Properties  of  Waras. — Suspended  in  a  boiling  solution  of  its 
own  weight  of  sodium  carbonate,  waras  readily  dyes  silk  golden-yellow 
shades  very  similar  to  those  produced  by  kamala,  but  slightly  duller 
and  more  orange.  These  are  brightened  by  rinsing  in  very  dilute 
acetic  acid,  and  alkali  carbonate  solutions  produce  a  slightly  reddening 
effect.  Material  was  not  available  for  an  extended  study  of  its 
tinctorial  properties,  but  it  was  at  once  evident  that,  in  strength,  waras 
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is  a  decidedly  superior  dyestuff  to  kamala.  Whether  it  is  capable 
of  competitiou  with  the  yellow  dyestulfs  of  commerce  cannot  be 
dotcnuiiied  until  larger  quantities  can  be  procured  for  more  extended 
work  in  this  direction.  In  the  meantime,  I  shall  be  grateful  for 
information  which  will  enable  me  to  obtain  a  supply  of  this  material. 

Clothworkers'  Research  Laboratory, 
Dyeing  Department, 

YoRKsiiiuE  College. 


LXIX. — Azohenzcne  Derivatives  of  some  Natural  Yellow 

Colouring  Matters:  Apigenin,  Chrysin,   Morin,   Eu- 

xanthone,  and  Gentisin. 

By  Arthur  George  Perkin,  F.E..S.E. 

In  previous  investigations,  the  azobenzene  compounds  of  maclurin 
(Trans.,  1897,  71,  186),  cotoin,  and  phloretin  (Trans.,  1897,  71, 
1149)  have  been  studied,  and  it  now  appeared  desirable  to  examine 
analogous  derivatives  of  the  allied  flavone  and  xaiithone  groups.  Of 
the  former  class,  chrysin,  apigenin,  and  morin  were  selected,  with  the 
object  of  accumulating  further  evidence  as  to  their  relationship,  and,  of 
the  latter,  euxanthone  and  gentisin  were  interesting  for  comparison, 
for  it  seemed  probable  that  the  position  of  the  methoxy-group  in 
gentisin  could  be  thus  determined. 

Ajngenin. 

A  recent  examination  of  this  substance,  the  colouring  matter  of 
parsley  (Trans.,  1897,  71,  805),  Apium  petroselinum,  revealed  a  strik- 
ing similarity  between  its  properties  and  those  of  chrysin ;  its  behaviour 
with  fused  alkali  specially  indicated  this  resemblance,  as  it  yielded 
phlorogluciuol  and  parahydroxyacetophenone,  antl  a  study  of  its 
derivatives  also  pointed  to  the  fact  that  it  was  an  hydroxychrysin  or 
trihydroxyflavone, 

OH     ^^ 

With  diazobenzene,  it  formed  disazobenzeneapigenin, 

Cv^H30,(CcH,N.,)„ 

although  at  the  time  the  properties  of  this  compound  wore  not  fully 
examined.     During  its  purification,  for  which  acetic  acid  was  partly 
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employed,  a  bye-product  was  isolated  which  had  the  characteristics  of 
an  acetyl  derivative,  and  a  notice  of  this  substance  was  communicated 
to  the  Society  (Proc,  1897,  p.  54).  Owing,  however,  to  a  lack  of 
material  necessary  to  establish  its  identity,  it  was  not  desci-ibed  in  the 
full  paper  {loc.  cit.),  but  reserved  for  further  examination. 

Crude  disazobenzeneapigenin  was  extracted  with  alcohol  to  remove 
a  resinous  impurity,  and  subsequently  with  a  boiling  mixture  of  nitro- 
benzene and  acetic  acid  until  an  orange-yellow  mass  of  the  almost  pure 
disazo-derivative  remained.  The  nitrobenzene  extracts  on  cooling 
yielded  no  deposit,  but  when  diluted  with  hot  alcohol  a  crystalline 
product  separated,  which  was  collected  and  washed  with  alcohol. 

0-1274  gave  0-3105  CO.,  and  0-0493  HgO.  C  =  66-47  3  H  =  4-29. 
0-1266  „  0-3095  CO.3  „  0-0463  H^O.  C  =  66-66 ;  H  =  4-06. 
Ci5H705(C2H30)(C6H5No)2  requires  C  =  66-92  ;  H  =  3-84  per  cent. 

It  formed  a  glistening  mass  of  orange-red  leaflets  melting  at  259 — 260° 
somewhat  more  soluble  in  nitrobenzene  than  the  disazobenzene  deriva- 
tive itself,  and  insoluble  in  dilute  alkali.  As  disazobenzeneapigenin 
is  very  sparingly  soluble  in  alkaline  solutions,  owing  apparently  to  the 
formation  of  an  insoluble  salt  with  the  alkali,  further  proof  was 
necessary  to  determine  if  this  was  in  reality  an  acetyl  compound. 
This  appeared  to  be  the  case,  for  by  decomposition  with  sulphuric  acid, 
a  process  in  which  a  purification  does  not  occur,  crystals  of  disazo- 
benzeneapigenin melting  at  290 — 292°  were  obtained  ;  other  prepara- 
tions of  this  product  gave  a  like  result,  but  a  slight  variation  in  the 
melting  point  of  each  was  observed;  the  yield,  however,  was  very  small 
and  the  process  troublesome,  and  as  it  was  likely  that  the  acetyl  com- 
pound contained  traces  of  the  unaltered  substance,  it  was  considered 
more  advisable  to  study  its  pi'eparation  by  the  ordinary  methods. 
The  apigenin  employed  in  these  experiments  was  prepared  from  the 
glucoside  apiin,  by  the  method  previously  described  {loc.  cit.),  the 
apiin  being  purchased  from  Merck  of  Darmstadt.  A  sample  of  the 
disazobenzene  derivative,  Cj5Hg05(C(;HgN'2)2,  on  analysis,  gave  11-38  per 
cent,  of  nitrogen,  theory  requiring  11-71  per  cent. 

In  order  to  acetylate  this  product,  1  gram  was  boiled  with  20  c.c.  of 
acetic  anhydride  for  3  hours,  but  at  the  expiration  of  this  time  no 
action  appeared  to  have  taken  place,  although  the  crystals  had  a  more 
glistening  appearance;  subsequent  experiment  showed,  however,  that 
a  partial  acetylation  had  occurred.  Experiments  were  now  carried  out 
employing  a  very  large  excess  of  acetic  anhydride,  150  c.c,  the  disazo- 
benzene compound,  1  gram,  being  added  to  this  in  small  portions  at  a  time. 
A  clear  solution  was  gradually  formed,  but  this  on  longer  boiling  com- 
menced to  deposit  crystals,  which,  after  8  hours  digestion,  were  collected, 
washed  with  acetic  acid,  and  finally  with  alcohol.     0-733  gram  was 
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thus  obtained.  In  appearance  and  general  properties,  this  product  so 
closely  resembled  the  original  disazobenzene  compound  that  at  first  it 
appeared  doubtful  whether  reaction  had  taken  place.  Analysis,  how- 
ever, showed  this  to  be  incorrect. 

0-1104  gave  10  5  c.c.  nitrogen  at  18°  and  748  mm.     N  =  10-80. 
C\5H-0^(C2H30)(C6H5N2)2  requires  N  =  10-77  per  cent. 

To  corroborate  this  result,  the  substance,  suspended  in  boiling  acetic 
acid,  was  decomposed  by  sulphuric  acid,  and  to  the  clear  solution  boil- 
ing water  was  cautiously  added,  the  crystals  of  the  free  disazo-com- 
pound  which  separated  being  collected  and  weighed. 

0-4020  gave  0-3680  C^r^ft^iCQH.^'N^)^.     Found  91-54. 
0-6053     „     0-5540  „  „  „      91-52. 

The  theory  for  the  loss  of  one  acetyl  group  requires  91-92  percent. 

Acetyldisazohenzeneapigenin  forms  a  glistening  mass  of  orange-red 
needles  insoluble  in  alkaline  solutions,  and  is  in  appearance  px^actically 
indistinguishable  from  the  free  disazo-compouud,  which  is  itself  almost 
insoluble  in  these  reagents.  In  their  behaviour  also  with  the  usual 
solvents,  no  characteristic  diiferences  could  be  observed,  although  the 
acetyl  compound  is  somewhat  more  readily  dissolved  by  hot  nitro- 
benzene. When  rapidly  heated,  acetyldisazohenzeneapigenin  melts  at 
277—280°,  and  if  slowly  heated  at  266—268°,  signs  of  decomposition 
appearing  at  about  260° ;  on  the  other  hand,  disazobenzeneapigenin, 
when  heated  in  a  similar  manner,  melts  at  290 — 292°  and  270—272° 
respectively.  So  close  a  similarity  between  a  substance  and  its  acetyl 
derivative  is  vinusual,  and  it  thus  appeared  advisable  to  determine 
whether  disazobenzeneapigenin  is  decomposed  or  suffers  loss  by  treat- 
ment with  a  solution  of  sulphuric  acid  in  boiling  acetic  acid.  This 
was  evidently  not  the  case,  for  0-7410  in  this  way  gave  0-7382,  or 
99-60  per  cent,  of  unaltered  substance. 

Finally,  disazobenzeneapigenin  was  heated  with  acetic  anhydride  in 
a  sealed  tube  at  160 — 170°  for  4  hours,  to  determine  if  a  more  highly 
acetylated  product  could  be  obtained.  The  crystals  which  sepai-ated 
on  cooling  were  collected  and  recrystallised  from  a  mixture  of  nitro- 
benzene and  alcohol. 

It  was  identical  in  melting  point  and  general  properties  with  the 
monacetyl  derivative  above  described,  and  it  is  thus  apparent  that 
disazobenzeneapigenin  contains  but  one  free  hydroxyl  group.  Con- 
sequently, apigenin  itself  would  appear  to  contain  three  such,  the 
diazobenzene  groups  in  each  case  neutralising  one  of  these,  and  this 
has  been  proved  by  the  following  examination  of  chi-ysin. 
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Ghrysin. 

Evidence  was  still  required  to  prove  with  certainty  the  exact  posi- 
tions of  the  diazobenzenes  in  the  apigenin  compound,  for  this  appears 
to  contain,  not  only  a  phloroglucinol,  but  a  phenol  nucleus. 

Chrysin,  the  colouring  matter  of  poplar  buds,  has  been  shown  by 
Kostanecki  {Ber.,   1893,  26,  2901)  to  be  a  dihydroxyflavone  of  this 

constitution,         {    \         V<        /    and     should     this    yield    a 


OH 

disazo-derivative  the  constitution  of  the  apigenin  compound  would  be 
at  once  evident. 

Some  chrysin  was  therefore  prepared  from  poplar  buds  according  to 
Piccard's  method  {Ber.,  1873,  6,  884),  and  a  solution  of  this  in  dilute 
alkali  treated  with  an  excess  of  diazobenzene  sulphate  ;  the  orange-red, 
gelatinous  precipitate  thus  produced  was  collected,  washed,  dried,  and 
repeatedly  extracted  with  boiling  alcohol,  to  remove  a  resinous  product 
present  in  considerable  quantity.  The  orange-coloured  residue  was 
dissolved  in  the  least  possible  quantity  of  hot  nitrobenzene,  the  solution 
mixed  with  half  its  bulk  of  alcohol,  and  the  crystals  which  separated 
collected  and  washed  with  alcohol. 

0-1175  gave  0-3022  COg  and  0-0430  H^O.     C  =  70-14;  H  =  4-06. 
0-1138     „     12  c.c.  nitrogen  at  22°  and  752  mm.     N=  11-81. 
C^^'af>^{QQ^^l^^)^  requires  0  =  70-13  ;  H  =  3-89  ;  N  =  12-12  per  cent. 

Disazolenzenechrysin  forms  an  orange-coloured,  glistening  mass  of 
fine  needles  melting  with  decomposition  at  251 — 252°  when  slowly 
heated.  It  is  very  sparingly  soluble  in  boiling  alcohol,  somewhat 
more  readily  in  acetic  acid  and  nitrobenzene,  and  insoluble  in  alkaline 
solutions.  Sulphuric  acid  dissolves  it,  giving  a  liquid  of  a  scarlet 
colour.  This  substance,  when  boiled  with  acetic  anhydride  for  6  hours, 
remained  unchanged,  the  crystals  which  separated  on  cooling  giving 
the  following  results  on  analysis. 

0-1042  gave  11-2  c.c.  nitrogen  at  21°  and  752  mm.     N=  12-10. 
Oi5Hg04(06H5N2)2  requires  N  =  12-12  per  cent. 

To  be  certain  of  this,  however,  the  small  quantity  remaining,  0-2726 
gram  was  digested  with  an  acetic  acid  solution  of  sulphuric  acid. 
The  crystals  which  separated  on  dilution  weighed  0-2703  gram,  a 
yield  of  99-15  per  cent. 

Disazobenzenechrysin,  as  was  to  be  expected,  cannot  therefore  be 
acetylated,    and   contains   no  free  hydroxyl  groups,  consequently  the 
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constitutions  of   disazobenzenechrysin  and  disazobenzeneapigenin  may 
be  thus  represented. 


>0H 


OH    ^^  OH    ^^ 

Disazobenzenechrysin.  Disazobenzeneapigenin. 

Dyeing  Properties. — The  properties  of  these  two  substances  in  this 
respect  are  very  similar,  although  of  little  interest.  Upon  wool 
mordanted  with  chromium  and  on  the  unmordanted  material,  they  gave 
respectively  (a)  red  orange  and  orange,  and  (6)  pale  red-orange  and  pale 
orange  shades.  As  was  to  be  expected  from  the  insoluble  pigment- 
like nature  of  these  products,  a  considerable  portion  of  the  colour  of 
these  patterns  could  be  removed  by  mere  friction. 


Morin. 

This  substance,  the  principal  colouring  matter  of  old  fustic  (Morus 
tinctoria),  has  been  shown  in  a  recent  communication  (Trans.,  1896, 
69,  792)  to  possess  properties  closely  in  harmony  with  the  following 
constitution. 

-O  ^^ 


OH      ^^ 

On  account  of  its  analogy  to  the  foregoing  substances,  a  study  of 
its  behaviour  towards  diazobenzene  was  interesting ;  and  some  of 
the  substance,  prepared  and  purified  by  the  methods  previously  de- 
scribed, was  therefore  dissolved  in  dilute  alkali,  and  the  solution  treated 
with  diazobenzene  sulphate  in  excess  of  that  necessary  for  the  forma- 
tion of  a  trisazo-derivative.  A  deep  maroon-coloured  product  separated, 
which  was  collected,  washed,  dried,  and  extracted  with  boiling  alcohol, 
to  remove  an  easily  soluble,  somewhat  resinous  product,  which  is 
present  in  considerable  quantity.  To  a  solution  of  the  residue  in 
Ijoiling  nitrobenzene,  alcohol  was  cautiously  added,  and  the  amorphous 
precipitate  which  separated  on  cooling  was  collected,  washed  with 
alcohol,  and  again  dissolved  in  a  very  small  quantity  of  nitrobenzene; 
on  adding  acetic  acid,  a  crystalline  powder  separated,  which  was 
collected  and  washed  with  acetic  acid. 

0-1128  gave  11  c.c.  nitrogen  at  15°  and  754  mm.     N-  1132. 
Cj5N80-(C6H5N2).2  requires  N  =  10-98  per  cent. 
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Disazobenzeneniorin  is  a  red-brown  powder,  appearing  under  the 
microscope  as  warty  nodules  interspersed  with  rosettes  of  very  minute 
needles.  It  is  almost  insoluble  in  hot  alcohol  or  acetic  acid,  moderately 
soluble  in  nitrobenzene ;  sulphuric  acid  dissolves  it  with  an  orange- 
brown  coloration.  Cold  dilute  alkalis  do  not  attack  it,  but  on  boiling 
it  dissolves  somewat  slowly,  forming  a  brownish-red  solution. 

The  yield  of  pure  product  obtained  by  the  above  method  was  exceed- 
ingly small,  the  main  bulk  consisting  of  the  soluble  resinous^substance 
above  referred  to,  and  on  this  account  its  acetylation  could  not  be 
properly  studied  without  the  employment  of  very  large  quantities  of  pure 
morin.     It  was  ascertained,  however,  that,  by  digestion  with  acetic 
anhydride,   an  orange-coloured   acetyl  compound  could  be  obtained, 
Morin,  therefore,  behaves  similarly  to  apigenin  in  yielding  a  disazo- 
derivative,  a  point  of  interest,  in  that  both  substances  containing,  as 
they  do,  respectively  phloroglucinol  and  resorcinol,  and  phloroglucinol 
and  phenol  nuclei,  might  be  expected  to  form  trisazo-compounds.     The 
readily  soluble,  so-called  resinous,  products  which  are  formed  in  each 
case  when  diazobenzene  sulphate  is  added  to  an  alkaline  solution  of 
these  colouring  matters  could  hardly  contain  trisazo-derivatives,   for 
these  are,  as  a  rule,  characterised  by  their  sparing  solubility.     It  is 
probable  that,  with  this  class  of  compound,  these  cannot  exist,  or  that 
their  production  is  at  once  followed  by  decomposition. 

Euxanthone. 

Euxanthone  is  derived  from  the  Indian  dyestuff  "  purree  "  or  piuri 
(Jaune  indien),  a  deposit  obtained  from  the  urine  of  cows  and  consis  ting 
of  the  magnesium  salt  of  euxanthic  acid;  by  treatment  with  hydro- 
chloric acid,  this  is  decomposed  into  euxanthone  and  glycuronic  acid, 
^iflHisOn  =  C^gHgO^  +  CgHjoO-. 

Kostanecki  and  ISTessler  {Ber.,  1891,  24,  3980)  have  synthesised 
this  substance  by  distilling  resorcinol  with  quinolcarboxylic  acid,  and 
assign  to  it  the  following  constitution  as  probable. 

-O- 


om 

OH 


To  a  slightly  alkaline  solution  of  euxanthone,  a  solution  containing 
diazobenzene  sulphate  (2  mols.)  was  added  and  the  deep  red  precipitate 
was  collected  and  washed.  After  extraction  with  boiling  alcohol,  the 
residvie  was  suspended  in  boiling  acetic  acid,  and  nitrobenzene  added 
drop  by  drop  until  a  clear  solution  was  obtained ;  on  cooling,  crystals 
separated  which  were  collected  and  washed  with  alcohol. 
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0-1084  gave  12-6  c.c.  nitrogen  at  19°  and  744  mm.     N=  13-07. 
C\3Hg04(CeH5N2)2  requires  N  =  12-85  per  cent. 

Disazohenzene-euxanthone  forms  a  glistening,  brick-red  mass  of  fine 
needles  melting  at  249 — 250°  with  decomposition,  readily  soluble  in 
boiling  nitrobenzene.  It  is  insoluble  in  cold  dilute  alkali,  and  even 
on  boiling  is  but  little  attacked,  so  that  at  first  sight  it  seemed  as 
if  this  substance  contained  no  free  hydroxyl  groups.  To  determine 
whether  this  was  the  case,  its  behaviour  with  acetic  anhydride  was 
studied.  It  was  very  slowly  attacked  by  this  reagent,  but  eventually 
dissolved ;  after  boiling  the  solution  for  3  hours,  and  allowing  it  to 
cool,  the  addition  of  alcohol  caused  a  separation  of  crystals,  which 
were  collected,  and  recrystallised  first  from  acetic  acid  and  finally 
from  toluene. 

0-1064  gave  10-2  c.c.  nitrogen  at  17°  and  756  mm.     N  =  11-06. 
G^^'af>^{C^^f)\{C^B.^l^^\  requires  N  =  10-77  per  cent. 

Acetyldisazohenzene-euxanthone  was  obtained  as  a  pale  ochre-coloured 
mass  of  glistening  needles  melting  at  197 — 199°,  sparingly  soluble  in 
acetic  acid,  more  readily  in  toluene.  It  is  not  attacked  by  cold  alkaline 
solutions,  and  when  boiled  with  them  becomes  red,  a  trace  only  dissolv- 
ing. To  determine  with  certainty  the  number  of  acetyl  groups,  it  was 
decomposed  with  sulphuric  acid  in  the  manner  previously  described. 

0  4307  gave  0-3643  Ci3H604(CeH5N2)2-  Found  84-58.  The  theory 
for  the  loss  of  two  acetyl  groups  requires  83 '84  per  cent. 

The  regenerated  disazobenzene-euxanthone  was  analysed. 

0  1228  gave  14-4  c.c.  nitrogen  at  20°  and  749  mm.  N=  13-21. 
Theory  requires  H=  12-85  per  cent. 

Disazobenzene-euxanthone, like  euxanthone  itself,  contains,  therefore, 
two  free  hydroxyl  groups,  consequently  the  diazobenzene  groups  cannot 
be  in  the  ortho-position  relatively  to  these.  Its  most  probable  constitu- 
tion is  as  follows. 

/\/'^\/\ 

oh'      I  I     J 


OH 


Gentisin. 


This  substance,  the  colouring  matter  of  gentian  root,  has  been  in- 
vestigated by  Kostanecki  {Chem.  Centr.,  1891,  i,  587),  and  found  to  be 
a  monomethyl  ether  of  gentisein,  CJ3H8O5.  As  the  latter  when  decom- 
posed with  alkali  yields  phloroglucinol  and  quinolcarboxylic  acid, 
they  assigned  to  it  the  constitution  of  a  ti'ihydroxyxanthone. 
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^-    CH3OL     A  A      J  OHl        '  '        ' 


]0H 

^^        OH 

Subsequently  Tambor  and  Kostanecki  (Monatsh.,  1894,  15,  1—8) 
synthesised  this  substance  by  distilling  phloroglucinol  with  quinol- 
carboxylic  acid,  and  further  by  a  partial  methylation  this  yielded 
gentisin.  Their  experiments  indicated  as  possible  two  formulpe  for 
gentisin  according  to  the  position  of  the  methoxyl  group,  of  which  the 
second  here  given  seemed  preferable, 

CO  Qjj  V.V.  Qjj 

As  the  true  position  of  this  group  is  still  doubtful,  it  appeared  to  me 
that  this  could  be  indicated  with  certainty  by  a  study  of  its  azobenzene 
derivative. 

Gentisin,  procured  from  Merck  of  Darmstadt,  was  dissolved  in  dilute 
alkali,  treated  with  excess  of  diazobenzene  sulphate,  and  the  bright 
red  precipitate  collected  and  dried.  After  extraction  with  alcohol,  it 
was  dissolved  in  hot  acetic  acid  with  the  aid  of  nitrobenzene,  and  the 
crystals  which  separated  on  cooling  collected  and  washed  with  alcohol. 
On  analysis, 

0-1175  gave  0-2878  CO,  and  00448  H^O.     0=66-80  ;  H  =  4-23. 
0-1262     „     13-7  c.c.  ni"trogen  at  15°  and  748  mm.     N"  =  12-50. 
0-1304     „     14-1  c.c.  „  17°    „    748  mm.     N=  12-34. 

Ci^H805(C6H5N2)2  requires  0  =  66-95;  H  =  3-86  ;  N  =  1 2  02  per  cent. 

Disazohenzenegentisin  forms  a  glistening  mass  of  scarlet  needles 
melting  at  251 — 252°  with  decomposition,  i-eadily  soluble  in  hot 
nitrobenzene,  almost  insoluble  in  alcohol.  Hot  alkaline  solutions 
dissolve  it  somewhat  slowly,  with  formation  of  an  orange-coloured 
liquid. 

To  acetylate  this  product,  it  was  dissolved  in  hot  acetic  anhydride, 
and  the  solution  boiled  for  3  hours.  On  cooling,  the  addition  of  alcohol 
caused  the  separation  of  crystals,  which  were  collected  and  crystal- 
lised, first  from  acetic  acid,  and  finally  from  toluene. 

0-1189  gave  10-2  c.c.  nitrogen  at  19°  and  743  mm.    N  =  9-64. 
Q^^H.f>^{Q:^B.f>).^{C^^^^^\  requires  N  =  10-18  per  cent. 

To  determine  the  acetyl  groups  with  certainty,  it  was  decomposed 
with  sulphuric  acid  in  the  presence  of  acetic  acid. 
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0-8803  gave  0-7538  Ci4H805(CgH5N2)2.     Found  85-62. 
0-7141     „     0-6067  '        „  "  „      84-96. 

Theory  for  the  loss  of  two  acetyl  groups  requires  84-73  per  cent. 

The  regenerated  disazobenzenegentisin  was  analysed. 

0-1182  gave  12-8  c.c.  nitrogen  at  17°  and  743  mm.  N  =  12-27. 
Theory  requires  N=  12-02  per  cent. 

Diacetyldisazohenzenegentisin  forms  orange-red  needles  melting  at 
218 — 220*^,  moderately  sokible  in  hot  acetic  acid,  but  only  very 
sparingly  in  alcohol.  It  is  not  attacked  by  cold  dilute  alkali,  but  is 
decomposed  by  digestion  at  the  boiling  temperature.  Disazobenzene- 
gentisin, therefoi'e,  like  gentisin  itself,  contains  two  free  hydroxyl 
groups,  which  cannot  thus  be  in  the  ortho-position  i-elatively  to  the  di- 
azobenzene  groups.  If  formula  I  truly  represented  the  constitution  of 
gentisin,  it  should,  like  chrysin,  form  a  disazobenzene  derivative  con- 
taining no  free  hydroxyl  groups.  From  a  substance  of  the  constitution 
II,  on  the  other  hand,  a  diazobenzene  derivative  should  result  of  a 
nature  similar  to  that  of  euxanthone  ;  this  is  the  case,  and  II  must, 
therefore,  be  the  true  constitution  of  gentisin.  Disazobenzenegentisin 
may  be  thus  i-epresented. 


OHl 


OOHg. 


^CO 


OH 


Diazobenzene-euxanthone  and  diazobenzene-gentisin  are  devoid  of 
tinctorial  property,  for  when  applied,  in  the  form  of  finely  divided  pastes, 
to  wool  alone  or  mordanted  with  chromium,  the  patterns  are  hardly 
even  stained  during  this  process.  This  is  interesting,  for  although 
gentisin  and  euxanthone  are  dyestuffs,  and  their  original  hydroxyls,  as 
shown  above,  are  intact  in  these  compounds,  their  tinctorial  effect  has 
evidently  been  neutralised  by  the  presence  of  the  azobenzene  group. 

Clothworkeks'  Research  Laboratory, 
Dyeing  Department, 

Yorkshire  College. 
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LXX. — The    Vapour  Pressures,    Specific    Volumes,  and 
Critical  Constants  of  Normal  Hep)tane. 

By  Sydney  Young,  D.Sc,  F.R.S.,  University  College,  Bristol. 

In  previous  papers  (Trans.,  1897,  71,  446;  1895,  67,  1071),  the 
vapour  pressures,  specific  volumes,  and  critical  constants  of  normal 
pentane  and  normal  hexane  have  been  given,  and  it  has  been  pointed 
out  that,  whilst  the  generalisations  of  Van  der  Waals  regarding 
"corresponding"  pressures,  temperatures,  and  volumes  hold  good 
for  these  substances  with  a  near  approach  to  accuracy,  yet  the  small 
deviations  appear  to  depend  on  the  molecular  weight.  Naturally, 
however,  it  would  be  unsafe  to  generalise  from  experiments  with  only 
two  members  of  a  series,  and  the  hope  was  expi-essed  that  it  would 
be  possible  to  obtain  data  for  normal  heptane  and  normal  octane. 

Dr.  Thorpe  has  very  kindly  placed  his  well-known  specimen  of 
normal  heptane  from  Pinus  sahiniana  at  my  disposal,  and  I  am  now 
able  to  give  the  data  for  this  paraffin.  It  will  be  seen  that  they  are 
in  agreement  with  the  conclusions  previously  arrived  at. 

The  boiling  point  of  normal  he])tane  is  98"43°,  and  the  sp.  gr.  at 
0°  is  0-70048  (Thorpe,  Trans.,  1880,  37,  213). 


Vajyour  Pressures  at  Low  Temperatures, 

The  method  of  Ramsay  and  Young  was  employed  for  pressures  up 
to  160  mm.  ;  for  higher  pressures  up  to  that  of  the  atmosphere  a 
modified  distillation  bulb  with  retlux  condenser  was  used. 


Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

9-2 

-3-4° 

46-05 

25-05° 

153-8 

51-95° 

382-1 

76-5° 

10-6 

-11 

57-35 

29-65 

186-2 

56-85 

431-2 

80-2 

12-45 

+  1-2 

71-45 

34-35 

205-2 

59-4 

485-5 

83-8 

15-3 

5-0 

91-0 

40-15 

229-6 

62-35 

547-2 

87-45 

18-15 

8-05 

112-4 

44-95 

257-7 

65-55 

610-7 

91-15 

22-65 

11-7 

136-4 

49-4 

294-3 

69-2 

687-8 

95-15 

28-95 

16-1 

151-7 

51-4 

334-4 

72-65 

762-35 

98-55 

36-15 

20-35 

The  vapour  px^essures  at  high  temperatures  were  determined  with 
the  pressure  apparatus  employed  in  previous  researches,  and  the  usual 
corrections  were  made. 

z  z  2 
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The  observed  pressures  (the  mean  of  four  readings  in  each  case) 
together  with  those  read  from  the  curves  constructed  from  the  obser- 
vations at  low  temperatures,  and  also  the  pressures  calculated  by  means 
of  Biot's  formula 

log  j)  =  a  +  b  a^  +  c  P^ 
are  as  follows. 

The  constants  for  Biot's  formula  are — 

a- 1-145148 
b  =  2-431040  log  b  =  0-3857922 

c= -2-517688  log  c  =  0-4010018 

log  a -0-00053408 

log /3=  1-99596377 


Vapour  Pressures. 


Tempera- 
ture. 

Dynamical 

method 
from  curve. 

Statical 
method. 

Calculated 

from  Biot's 

formula. 

Tempera- 
'      ture. 

Statical 
method. 

Calculated 

from  Biot's 

formula. 

0° 

11-45 

_ 

11-45      i 

150° 

2784 

2780-4 

10 

20-50 

— 

20-51 

160 

3450 

2433-3 

20 

35-50 

— 

35-16 

170 

4212 

4196-0 

30 

58-35 

— 

57-87 

180 

5091 

5080-9 

40 

92  05 

— 

91-78 

190 

6095 

6101-3 

50 

140-9 

— 

140-74 

200 

7261 

7271-8 

60 

208-9 

— 

209-32 

210 

8594 

8608-6 

70 

302-3 

— 

302-77      1 

220 

10105 

10130 

80 

426-6 

— 

407-26      ; 

230 

11810 

11857 

90 

588-8 

— 

588-74 

240 

13790 

13811 

100 

795-2 

— 

794-93       1 

250 

15980 

16020 

110 

— 

1047 

1053-3        ; 

260 

18470 

18511 

120 

— 

1367 

1372-1 

264 

19610 

19595 

130 

— 

1753 

1759-9 

266-85 

20430 

20399 

140 

— 

2229 

2226-1 

(Crit.) 

The  critical  temperature  was  taken  to  be   266-9°,  and  the  critical 
pressure  20415  mm. 


Vohmies  of  a  Gram  of  Liquid. 

These  were  determined  in  the  pressure  apparatus:  up  to  210°  the 
volumes  were  read  directly,  but  at  higher  temperatures  they  were 
calculated  from  observations  of  the  volume  of  vapour,  and  the  total 
volume  of  liquid  and  vapour  by  the  method  described  in  tho  Transac- 
tions (1893,  63,  1200). 
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The  observed  and  smoothed  specific  volumes  and  the  molecular 
volumes  calculated  from  the  smoothed  specific  volumes  are  given  in 
the  following  table.  From  0°  to  100°,  the  smoothed  values  have  been 
calculated  from  Thorpe's  table  of  volumes  of  normal  heptane — 
Fo  =  1 -00000— (?oc.  cit.). 

The  molecular  weight  is  taken  as  99-79. 


Volumes  of  a  Gram  and  Molecular  Volumes  of  Liquid. 


Volumes  ol 

a  gram. 

1 

Volumes  of 

a  gram. 

Tempera- 

Mole- 
cular 

Tempera- 

Mole- 

cular 

ture. 

Observed. 

From 
curve. 

volumes 
142-46 

ture. 

Observed. 

From 
curve. 

volumes 

0° 

1-4276 

170° 

1-8669 

1-8660 

186 

21 

10 

— 

1-4450 

144-20 

180 

1 

9126 

1-9112 

190 

72 

20 

— 

1-4629 

145-98 

190 

1 

9625 

1-9620 

195 

79 

30 

1-4804 

1-4813 

147-82 

200 

2 

0192 

2-0195 

201 

53 

40 

1-5000 

1-5003 

.  149-72 

210 

2 

0867 

2-0865 

208 

21 

50 

1-5204 

1-5200 

151-68 

220 

2 

1670 

2-1665 

216 

20 

60 

1-5417 

1-5406 

153-74 

230 

2 

2650 

2-2655 

226 

07 

70 

1-5613 

1-5621 

155-88 

240 

2 

3940 

2-3940 

238 

90 

80 

1-5856 

1-5846 

158-13 

250 

2 

5730 

2-5730 

256 

80 

90 

1-6081 

1-6082 

160-48 

256 

2 

7290 

2-7290 

272 

30 

100 

1-6327 

1-6330 

162-96 

260 

2 

8950 

2-8930 

288 

70 

110 

1-6591 

1-6591 

165-56 

262 

3 

0010 

3-0010 

299 

50 

120 

1-6888 

1-6875 

168-40 

264 

3 

1590 

3-1590 

315 

20 

130 

1-7176 

1-7180 

171-44 

265 

3 

2690 

3-2690 

326 

20 

140 

1-7516 

1-7510 

174-74 

266 

3 

4400 

3-4400 

343 

30 

150 

1-7863 

1-7862 

178-25 

266-5 

3-5480 

3-5480 

354 

10 

160 

1-8236 

1-8245 

182-07 

;       266-9 

(Crit.) 

4-266* 

425-7* 

By  the  method  of  Cailletet  and  Mathias. 


Volumes  of  a  Gram  of  Saturated  Vapour. 

Determinations  were  made  with  the  pressure  apparatus  and  by 
the  sealed  tube  method  (Trans.,  1891,  59,  37,  and  Phil.  Mag., 
1895). 

The  results  are  given  in  the  table  below,  also  the  volumes  of  a 
gram  read  from  curves  constructed  by  plotting  the  logarithms  of  the 
volumes  against  the  temperatures.  The  molecular  volumes  calculated 
from  the  smoothed  specific  volumes  are  also  given. 
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VuluDies  of  a  Gram  and  Molecular  Volumes  of  Saturated  Vapour. 


Volumes 

3f  a  gram. 

Temperature. 

Sealed  tube  method. 

Molecular 
volumes. 

Pressure 
apparatus. 

From 
curves. 

I. 

II. 

70° 





697 

697 

69500 

80 

— 

— 

616 

501 

50000 

90 

— 

— 

381 

370 

30900 

100 

— 

— 

280 

279 

27800 

110 

— 

— 

212 

213-1 

21250 

120 

— 

— 

105 

164-8 

16450 

130 

— 

— 

128-8 

129-0 

12870 

140 

— 

— 

102-5 

102-3 

10210 

150 

— 

— 

81-8 

81-8 

8170 

160 

— 

— 

66-2 

66-3 

6620 

170 

— 

54-8 

53-9 

54-1 

5400 

180 

— 

45-3 

44-15 

44-6 

4450 

190 

— 

8ti-9 

— 

36-8 

3675 

200 

— 

30-3 

— 

30-27 

3020 

210 

— 

25-0 

— 

24-97 

2492 

220 

20-44 

20-45 

— 

20-44 

2040 

230 

16-66 

16-66 

— 

16-66 

1663 

240 

13-45 

13-40 

— 

13-43 

1340 

250 

10-60 

10-53 

— 

10-57 

1055 

256 

8-97 

8-91 

— 

8-95 

894 

260 

7-77 

7-77 

— 

7-77 

776 

262 

7-18 

7-165 

— 

7-16 

715 

264 

6-50 

6-480 

— 

6-50 

649 

f65 

0-10 

— 

_ 

6-13 

612 

266 

5-60 

5-645 

— 

5-625 

561 

266-5 

5-28 

— 

— 

5-280 

527 

266-9 

— 

— 

— 

4-266* 

425-7* 

(Crit.) 

By  the  method  of  C'ailletct  and  Mathias. 


The  critical  volume  of  a  gram  and  molecular  volume  were  cal- 
culated from  the  critical  den.sity,  which  was  ascertained  by  the 
method  of  (Jailletet  and  Mathias  {Compt.  rend.,  188G,  102,  1202; 
1887,  104,  1503  ;  1892,  115,  35). 

The  densities  of  liquid  and  saturated  vapour,  tho  mean  densities 
and  those  calculated  from  the  formula 


A  =  0-3518 -0-00044< 


are  given  below. 
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Density. 

Mean  deusity. 

I'emperature. 

Liquid. 

Saturated 
vapour. 

Observed. 

Calculated. 

AxlO" 

70° 

0-6402 

0 

-0014 

0-3208 

0-3210 

-2 

80 

0*6311 

0 

0020 

0-3165 

0-3166 

-1 

90 

0-6218 

0 

0027 

0-3122 

0-3122 

0 

100 

0-6124 

0 

0036 

0-3080 

0-3078 

+  2 

110 

0-6027 

0 

0047 

0-3037 

0-3034 

+  3 

120 

0-5926 

0 

0061 

0-2993 

0-2990 

+  3 

130 

0-5821 

0 

0078 

0-2949 

0-2946 

+  3 

140 

0-5711 

0 

0098 

0-2904 

0-2902 

+  2 

150 

0-5598 

0 

0122 

0-2860 

0-2858 

+  2 

160 

0-5481 

0 

0151 

0-2816 

0-2814 

+  2 

170 

0-5359 

0 

0185 

0-2772 

0-2770 

+  2 

180 

0-5-232 

0 

0224 

0-2728 

0-2726 

+  2 

190 

0-5096 

0 

0272 

0-2684 

0-2682 

+  2 

200 

0-4952 

0 

0330 

0-2641 

0-2638 

+  3 

210 

0-4793 

0 

0401 

0-2597 

0-2594 

+  3 

220 

0-4616 

0 

0489 

0-2552 

0-2550 

+  2 

230 

0-4414 

0 

0600 

0-2507 

0-2506 

+  1 

240 

0-4177 

0 

0745 

0-2461 

0-2462 

-1 

250 

0-3877 

0 

0946 

0-2416 

0-2418 

-2 

256 

0-3664 

0 

1117 

0-2390 

0-2392 

-2 

260 

0-3457 

0 

1287 

0-2372 

0-2374 

-2 

262 

0-3332 

0 

1396 

0-2364 

0-2365 

-1 

264 

0-3166 

0 

1538 

0-2352 

0-2356 

-4 

265 

0-3059 

0- 

1631 

0-2345 

0-2352 

-7 

266 

0-2907 

0- 

1778 

0-2342 

0-2348 

-6 

266-5 

0-2819 

0-1895 

0-2357 

0-2345 

+  12 

266-9 

— 

— 

— 

0-2344 

— 

The  critical  constants  are  thus  found  to  be — 
Temperature  266-9°. 
Pressure  20415  mm. 
Density  0-2344.     Volume  of  a  gram  4-266  c.c. 
Molecular  volume  425-7. 
It  is  noticeable  that  the  critical  densities   of  the  four  paraffins   so 
far  investigated  are  nearly  identical ;  they  are 

Isopentane  0*2344 

Normal  pentane 0-2324 

Normal  hexane 0-2343 

Normal  heptane 0-2344 

The  absolute  temperatures  and  the  molecular  volumes  of  liquid 
and  saturated  vapour  were  read  from  the  curves  at  a  series  of 
pressures  "  corresponding  "  with  those  given  in  previous  papers  :  from 
these  data  the  ratios  of  the  temperatures  and  volumes  to  the  critical 
constants  were  calculated,  also  the  ratios  of  the  actual  to  the  theori- 
tical  densities  of  saturated  vapour. 
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Ratio  of 

Pressure. 

Absolute 
tempera- 
ture. 

Moleculai 

■  volume. 

Al)s. 
temp. 

Vol.  liq. 

Vol,  sat. 
vap. 

Density 

to 

Liquid. 

Satur- 
ated 

sat.  vap. 

Abs.  crit. 
temp. 

Crit.  vol. 

Theor. 
density. 

critical 
pressure. 

Crit.  vol. 

vapour. 

0 

001474 

30-1 

290-0° 

145-44 

0-5371° 

0-3416 

0 

002949 

60-2 

303-7 

147 

94 

— 

0-5625 

0-3475 





0 

005898 

120-4 

319-2 

150 

94 

— 

0-5912 

0-3545 

— 

— 

0 

011795 

240-8 

336-75 

154 

58 

— 

0-6237 

0-3631 





0 

022411 

457-5 

355-2 

158 

68 

46700 

0-6579 

0-3727 

109-6 

1-033 

0 

044232 

903-0 

377-25 

164 

02 

24780 

0-6987 

0-3853 

58-2 

1-048 

0 

088465 

1806 

404-0 

171 

78 

12580 

0-7483 

0-4035 

29-5 

1-105 

0 

14744 

3010 

426-75 

179 

62 

7570 

0-7904 

0-4219 

17-8 

1-164 

0 

20642 

4214 

443-0 

186 

21 

5403 

0-8205 

0-4374 

12-7 

1  -209 

0 

29488 

6020 

462-15 

195 

29 

3729 

0-8560 

0-4587 

8-76 

1-279 

0 

44232 

9030 

485-85 

210 

36 

2353 

0-8999 

0-4941 

5-53 

1-421 

0 

58978 

12040 

504-0 

227 

17 

1626 

0-9335 

0-5336 

3-82 

1-600 

0 

73721 

15050 

518-75 

248 

18 

1172 

0-9608 

0-5830 

2-75 

1-827 

0 

82568 

16860 

526-5 

265 

25 

964 

0-9752 

0-6230 

2-26 

2-013 

0 

88465 

18060 

531-3 

280 

91 

827 

0-9841 

0-6598 

1-95 

2-210 

0 

94363 

19260 

535-75 

304 

76 

691 

0-9923 

0-7159 

1-62 

2-500 

0 

97313 

19870 

537-95 

325 

51 

614 

0-9964 

0-7646 

1-44 

2-741 

1-00000 

20415 

539-9 

425-7 

425-7 

1-0000 

1-0000 

1-00 

3-860 

The  influence  of  the  molecular  weight  of  the  normal  parafiins  will 
be  fully  discussed  when  the  data  for  normal  octane  have  been  ob- 
tained ;  meanwhile,  it  may  be  pointed  out  that,  as  with  the  ethereal 
salts,  the  ratios  of  the  absolute  temperatures  (boiling  points)  at 
corresponding  pressures  to  the  absolute  critical  temperatures  show  a 
small  but  decided  increase  with  rise  of  molecular  weight.  No 
definite  relation  between  the  volume  ratios  and  the  molecular  weights 
of  the  ethereal  salts  could  be  traced,  but  in  the  case  of  the  three 
normal  parafiins  so  far  studied,  it  appears  that  the  ratios  of  the 
volumes  of  saturated  vapour  to  the  critical  volumes,  and  of  the 
actual  to  the  theoretical  critical  densities,  also  increase  with  rise  of 
molecular  weight,  whilst  the  ratios  of  the  volume  of  liquid  to  the 
critical  volume  diminish  slightly. 

In  the  table  below  are  given  the  i-atios  of  the  actual  to  the  theo- 
retical densities  at  the  critical  points  and  the  other  ratios  at  a  single 
"reduced"  pressure. 


Actual  critical  di'usity. 
Theoretical  critical  density. 


Normal 
pentaue. 


3-76£ 


Normal 
hexane. 


3-827 


Normal 
heptane. 


3-860 
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Absolute  temperature. 
Absolute  critical  temperature. 

Volume  of  liquid. 
Critical  volume. 

Volume  of  saturated  vapour. 
Critical  volume. 


0-7904 


0-4219 


17-8 


LXXI. — Contributions  to   the   Chemistry  of  Phenol 

Derivatives.* 

By  Raphael  Meldola,  F.R.S.,  aud  Frederick  Henry  Streatfeild. 

Bromination  and  Nitration  of  Phenol. 

There  is  some  discrepancy  between  the  statements  of  different 
authors  respecting  the  action  of  bromine  on  phenol.  Hiibner  and 
Brenken  (Ber.,  1873,  6,  170),  by  brominating  phenol  in  acetic  acid 
solution,  obtained  a  solid  (pai-a)  bromophenol,  and  stated  that  a 
"  liquid  isomeride  "  remained  in  the  mother  liquor  after  freezing  out 
the  solid  modification.  More  recently,  Gordon  (Proc,  1891,  p.  64), 
repeating  the  experiment  of  Hiibner  and  Brenken,  came  to  the  con- 
clusion that  the  product  was  "practically  pure  parabromophenol." 
In  a  paper  published  by  one  of  us  with  Messrs.  Woolcott  and  Wray 
in  1896  (Trans.,  p.  1326),  it  was  stated  that  the  bromination  of  phenol 
in  glac'^1  acetic  acid  gave  a  mixture  of  ne  para-  and  ortho-derivatives. 
The  latter  statement  was  based  on  indirect  evidence  dei-ived  from  the 
study  of  the  nitration  of  the  crude  product  of  the  action  of  bromine  on 
phenol,  under  the  conditions  specified.  Among  the  bromonitrophenols 
thus  formed  there  was  always  obtained  a  quantity  of  2-bromo-4 :  6-di- 
nitrophenol  which  seemed  too  great  to  be  accounted  for  by  isomeric 
change  (Armstrong,  J.  Cheni.  Soc,  1875,  520)  under  the  conditions  of 
nitration  employed  by  us. 

As  the  details  of  bromination  and  nitration  were  not  given  in  the 
paper  published  in  1896,  and  as  we  have  now  obtained  direct  evidence 
of  the  presence  of  orthobromophenol  in  the  product  of  bromination,  it 
may  be  of  interest  to  supply  these  details,  as  we  are  not  sure  whether 
our  conditions  of  working  were  the  same  as  either  those  of  Hiibner 
and  Brenken  or  of  Gordon.  The  phenol  is  dissolved  in  about  its  own 
weight  of  glacial  acetic  acid,  and  the  calculated  quantity  of   bromine 

*  For  the  first  instalment,  see  Trans,,  1896,  69,   1321. 


682         MELDOLA   AND   STREATFEILD  :   CONTRIBUTIONS   TO   THE 

dissolved  in  the  same  solvent  (1  c.c.  containing  about  1 '5  grams  of 
bromine),  allowed  to  fall,  drop  by  di'op,  into  the  phenol  solution,  kept 
cold  by  immersion  in  water.  The  temperature  during  this  operation 
does  not  exceed  21°.  After  all  the  bromine  has  been  added,  the  solu- 
tion is  diluted  with  water,  the  oil  which  separates  is  washed  repeatedly 
with  water,  and  without  further  purification  dissolved  in  about  an 
equal  volume  of  glacial  acetic  acid.  The  nitration  is  carried  out  in 
precisely  the  same  way  as  the  bromination,  the  calculated  quantity  of 
fuming  nitric  acid  (sp.  gr.  1-5);  diluted  with  about  three  times  its 
volume  of  acetic  acid,  being  mixed  gradually  with  the  cooled  solution 
of  the  bi'omophenols.  The  process  of  mixing  takes  about  2  hours, 
and  the  temperature  does  not  exceed  22°.  When  about  one-half  the 
required  quantity  of  nitric  acid  has  been  added,  the  solution  begins  to 
deposit  crystals,  and  soon  becomes  semi-solid.  The  best  method  of 
treating  the  product  was  only  discovered  after  a  numerous  'series 
of  operations  with  different  lots  of  50  or  100  grams  of  phenol,  and 
the  process  now  described  may  be  considered  as  a  summary  of  our 
experience. 

After  the  completion  of  the  nitration,  the  whole  product  is  mixed 
with  water,  collected,  washed  until  free  fi-om  acid,  and  transferred  to 
a  flask  with  water.  At  this  stage,  three  chief  products  are  always 
present  :  (a)  4-bromo-2-nitrophenol  predominating,  (b)  2-bromo-4  :  6-di- 
nitrophenol,  (c)  2-bromo-4-nitrophenol.  With  respect  to  the  origin  of 
these  products,  we  refer  to  the  following  portion  of  the  paper.  In 
order  to  separate  them,  the  contents  of  the  flask  are  steam  distilled 
as  long  as  anything  comes  over,  the  4-bromo-2-nitrophenol  being  thus 
removed.*  The  residue  in  the  flask  is  treated  with  ammonia  in  excess, 
so  as  to  convert  the  bromonitro-compounds  into  ammonium  salts,  and 
when  quite  cold  filtered,  so  as  to  remove  the  2-bromo-4  :  6-dinitrophenol 
ammonium  salt,  which  is  but  slightly  soluble  in  cold  water  ;  the  filtrate 
now  contains  the  whole  of  the  2-bromo-4-nitrophenol  and  a  certan 
quantity  of  the  bromodinitrophenol.  On  acidifying  with  hydrochloric 
acid,  the  latter  sejiarates  after  stirring  for  a  short  time,  and  can  bo 
removed  by  filti-ation,  whilst  the  filtrate  containing  the  more  soluble 
bromonitrophenol  is  reduced  by  evaporation  and  allowed  to  stand, 
when  the  latter  compound  separates  in  flat,  white  needles  melting  at 
112°.  This  bromonitrophenol  is  identical  with  that  obtained  by 
Brunck  {Zeil.  f.  Ch.,  1867,  204)  and  by  Kcirner  {ihid.,  1868,  323),  but 
these  authors,  who  obtained  the  compound  by  brominating  paranitro- 
phenol,  assign  to  it  a  melting  point  of  102°  ;  this  discrepancy  may  be 

*  The  bromodinitrophenol  is  very  slightly  volatile  in  steam,  but  to  a  quite  inap- 
jireciable  extent,  and  can  be  recognised  at  once  by  its  remaining  solid  in  the  con- 
denser when  the  temperature  is  allowed  to  rise  by  running  oir  the  cold  water.  When 
this  stage  is  reached  the  distillation  is  stopped. 
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due  to  a  misprint,  or  to  a  difference  in  the  degree  of  purity  of  the 
product  obtained  by  us,  or,  again,  to  the  vtse  of  water  as  a  solvent. 
We  have  satisBed  ourselves  that  the  products  are  identical,  by  a 
comparison  and  analysis  of  the  barium  salts.  We  may  add  that  the 
relatively  high  degree  of  solubility  of  this  bromonitrophenol  in  water 
was  only  discovered  after  we  had  familiarised  ourselves  with  its 
properties  by  obtaining  it  pure  from  another  source,  namely,  by  the 
nitration  of  orthobromophenol,  as  will  be  explained  subsequently. 

The  origin  of  the  three  products  above  referred  to  was  determined 
by  a  series  of  experiments  with  pure  para-  and  ortho-bromophenols. 
The  mixture  obtained  by  the  dii^ect  bromination  of  phenol  contains, 
not  only  ortho-  and  para-bromophenols,  but  always  a  certain  quantity 
of  unbrominated  phenol  and  a  certain  quantity  of  2  : 4-dibromophenol, 
the  formation  of  which  it  is  impossible  to  avoid,  under  the  conditions 
of  bromination  described.  We  have  not  found  it  possible  to  separate 
these  bromo-derivatives  directly  from  the  mixture,  but  if  the  whole 
product  is  methylated  by  heating  with  the  necessary  quantities  of 
potassium  hydroxide  and  methylic  iodide  in  methyl  alcohol  solution, 
the  bromanisoles  thus  obtained  can  be  fractionally  distilled.  The 
monobromanisoles  come  over  first,  and  the  temperature  then  rises 
rapidly  to  272°,  the  boiling  point  of  2  :  4-dibromanisole  ;  the  latter  has 
a  melting  of  59°,  as  described  by  Korner.  In  the  preparation  of 
parabromophenol  by  the  freezing  out  method  of  Hiibner  and  Brenken, 
the  other  products  are  presumably  contained  in  the  mother  liquor. 
The  boiling  points  of  ortho-  (210°)  and  parabromanisole  (223°)  are  too 
near  to  admit  of  satisfactory  separation  by  fractional  distillation 
without  a  large  supply  of  matei'ial. 

Nitration  of  Parahromophenol. 

Pure  parabromophenol  was  prepared  by  two  methods,  independently 
of  the  direct  bromination  of  phenol.  Parabromosalicylic  acid,  pre- 
pared by  the  bromination  of  salicylic  acid,  and  subsequent  juirification 
of  the  product,  was  distilled  with  dry  barium  carbonate  according  to 
Cahours'  method  {Annalen,5)1,Z?>9>) ;  another  preparation  was  made  from 
pure  parabromaniline  by  the  diazo-method.  These  preparations  were 
nitrated  in  acetic  acid  solution,  as  before,  only  in  the  latter  case  the 
nitration  was  carried  on  in  a  freezing  mixture.  Both  preparations 
gave  the  same  products,  namely,  4-bromo-2-nitrophenol  and  a  small 
quantity  of  2-bromo-4  :  6-dinitrophenol ;  in  these  cases,  therefore,  the 
latter  compound  is  undoubtedly  produced  by  intramolecular  change, 
since  no  orthobromophenol  was  present,  and  this  accounts  for  the 
production  of  a  portion  of  this  bromodinitrophenol  during  the  nitra- 
tion of  the  mixture  obtained  by  the  direct  bromination  of  phenol.     It 
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is  remarkable  that  this  change  should  occur  at  the  low  temperature  at 
which  the  nitration  was  effected,  since  no  excess  of  nitric  acid  was 
used,  and  previous  observers  (Armstrong  and  Gordon)  have  always 
brought  about  the  transformation  by  heating  4-bromo-2 :  6-dinitro- 
phenol  with  bromine  water  or  nitric  acid.  It  has  recently  been  shown 
by  Reverdin  {Ber.,  1896,  29,  997,  2595  ;  1897,  30,  2999)  that  a  some- 
what similar  transference  of  iodine  from  the  para-  to  the  ortho-position 
takes  place  on  nitrating  pariodoanisole,  &ic.,  but  this  observation  is 
not  really  parallel  to  the  present  case,  as  will  be  made  evident  from 
the  experiments  described  subsequently. 

A  specimen  of  parabromophenol  purchased  from  Schuchardt  gave 
the  same  results  as  our  own  preparations  ;  from  this  specimen  we  also 
obtained  a  small  quantity  of  2-bromo-4-nitrophenol  in  addition  to  the 
other  products,  thus  indicating  the  presence  of  orthobromophenol. 
The  crystals  of  this  specimen  were,  however,  wet  with  the  acetic  acid 
mother  liquor,  from  which  they  had  been  only  imperfectly  drained,  so 
the  remainder  was  steam  distilled  to  bring  over  any  orthobromo- 
phenol ;  the  residue,  on  nitration,  then  give  only  the  4-bromo-2-nitro- 
and  the  2-bromo-4  :  6-dinitro-phenol,  and  not  a  trace  of  the  2-brouio- 
4-nitrophenol.  This  experiment  shows  that  the  latter  compound 
results  from  the  nitration  of  orthobromophenol,  and  thus  proves  the 
presence  of  this  modification  in  the  product  of  the  direct  bromination 
of  phenol ;  at  the  same  time,  the  fact  that  pure  parabromophenol  does 
not  give  2-bromo-4-nitrophenol  on  nitration  shows  that  there  is  no 
analogy  between  this  compound  and  the  iodine  derivatives  nitrated 
by  Reverdin  under  the  conditions  of  nitration  employed  by  us. 
This  author  shows,  in  fact  {Ber.,  1896,29,  2598),  that  parabromanisole 
can  be  nitrated  without  a  shifting  of  the  bromine  atom. 

Direct  evidence  of  the  existence  of  orthobi-omophenol  in  the  pro- 
duct of  the  bromination  of  phenol  in  acetic  acid  was  obtained  by 
following  Hiibner  and  Brenken's  method ;  two  distinct  experiments 
were  made,  the  bromine  solution  in  each  case  being  dropped  slowly 
into  the  acetic  acid  solution  of  the  phenol  cooled  in  melting  ice.  The 
temperature  during  this  operation  keeps  at  2 — 3°.  In  one  case,  the 
solution,  after  bromination,  was  warmed  so  as  to  drive  off  hydrogen 
bromide,  but  this  does  not  appear  to  influence  the  product  in  any 
way  beyond  giving  a  slightly  better  yield  of  parabromophenol.  In 
both  experiments,  after  bromination,  the  parabromophenol  was  frozen 
out  by  immersing  the  beaker  containing  the  solution  in  ice  and  salt  and 
stirring  the  contents  ;  the  crystalline  pulp  was  then  collected,  drained, 
and  allowed  to  dry  in  the  air,  and  finally  purified  by  crystallisation 
from  chloroform.  The  acetic  acid  mother  liquor  was  diluted  with 
water  and  the  oily  layer  separated.  The  two  products,  consisting  of 
(1)  pure  parabromophenol,  and  (2)  an  oily  mixture  of  para-  andortho- 
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bromophenols,  were  then  nitrated  separately  in  acetic  acid  under  the 
same  conditions  as  described  above,  equal  weights  being  taken  so  as 
to  make  the  results  comparable.  From  the  parabromophenol  there 
was  obtained  only  4-bromo-2-nitrophenol,  and  some  of  the  2-bromo- 
4 :  6-dinitrophenol.  From  the  oily  mixture  there  was  obtained  in 
addition  some  2-bromo-4-nitrophenol,  which  was  identified  by  its 
melting  point,  and  a  nitrogen  determination. 

0-1826  gave  9-8  c.c.  moist  nitrogen  at  17°  and  759  mm.     N  =  6-20. 
C6H3Br-N02-OH  requires  N'  =  6-42  per  cent. 

Nitration  of  Orthoh'omophenol. 

Orthobromophenol  was  prepared  from  orthonitrophenol  by  reducing 
the  latter  to  amidophenol  with  ammonium  sulphide  and  replacing  the 
NHg-group  by  bromine  by  Sandmeyer's  method  ;  the  bromophenol  is 
very  readily  distillable  in  a  current  of  steam,  and  comes  over  as  a 
colourless  oil,  having  a  marked  and  peculiar  odour,  which  can  be 
recognised  in  the  product  obtained  by  the  direct  bromination  of 
phenol.  The  nitration  was  carried  out  in  acetic  acid  solution  as 
before,  with  the  calculated  quantity  (1  mol.)  of  nitric  acid  (1'5  sp.  gr.), 
cooling  being  effected  by  simply  immersing  the  beaker  containing  the 
solution  in  cold  water.  The  product  on  mixing  with  water  sinks  as  a 
dark  coloured  oil,  which  does  not  solidify  on  standing  for  many  days ; 
it  was  found  to  consist  of  two  bromonitrophenols,  the  2-bromo-4-nitro- 
modification  of  Brunck  and  Kbrner  melting  at  112°,  and  a  new 
modification  which  comes  over  readily  on  steam  distillation.  The 
2  :  4-modification  was  identified  with  Brunck  and  Korner's  compound 
by  analysing  the  barium  salt,  which  consists  of  orange-yellow  needles 
having  the  composition  (N02'OQH3Br*0)2Ba  +  GHgO. 

0-620,  dried  under  desiccator,  gave  0-0549  BaS04.    Ba=  19*99. 
0-3217,  dried  at  160—170°  until  constant,  lost  0-0517.    H20=  16-07. 
The  formula  requires  Ba  =  20-17  per  cent,  and  H20=  15-90  per  cent.* 

The  new  modification  which  comes  over  on  steam  distillation  crys- 
stallises  from  dilute  alcohol  in  pale  yellow  needles  having  a  melting 
point  of  67—68°. 

0-20  gave  11  c.c.  moist  nitrogen  at  135°  and  746  mm.     ISr  =  6-34. 
C6H3Br(N02)-OH  requires  N  =  6-42  per  cent. 

The  barium  salt  forms  flat,  reddish-yellow  needles  sparingly  soluble 
in  hot  water. 

*  "We  have  found  that,  under  certain  conditions,  this  bromonitrophenol  can  also 
form  a  hydrate  containing  THjO. 

0-9146,  dried  at  160—170^  until  constant,  lost  0-1650.  H2O  =  18-04.  The  formula 
requires  HaO  =  18-07  per  cent. 
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0-1560,  dried  under  desiccator,  gave  0*0596  BaSO^.     Ba  =  22-16. 
0-2328,driedunderdesiccatorandthenheatedatl70-,lost00136H2O  =  5-84. 
(NO./ C6H3Br-0)2Ba  +  2HoO  requires  Ba  =  22-57and  H20  =  5-93  per  cent. 

The  potassium  salt  is  readily  soluble  in  hot  water  and  crystallises 
from  this  solvent  in  ruby-coloured  needles. 

0-1544,  dried  under  desiccator,  gave  0-0492  K^SO^.    K  =  14-28. 
0-1612,driedunderdesiccatorandsubsequentlyatl00%lost0-011.H.2O  =  6-82. 

]S'0.2-CVH3BrOK  +  H._,0  requires  K  =  14-23  and  H..O  =  6-56  per  cent. 
01438,  dried  at  100%  g'ave  00494  K,SO^.     K  =  15-.39. 

NOg'CgHgBr'OK  requires  K=  15-23  per  cent. 

The  silver  salt,  which  was  prepared  for  the  purpose  of  obtaining 
the  methylic  ether,  crystallises  in  ochreous  needles  fairly  soluble  in 
boiling  water,  but  only  sparingly  in  cold  water.  On  heating  with 
methylic  iodide  in  methyl  alcohol  in  a  flask  with  a  reflux  condenser  for 
some  hours,  the  silver  salt  is  decomposed  and  the  methylic  ether 
formed.  The  latter,  purified  by  crystallisation  from  dilute  alcohol, 
forms  white,  silvery  scales  melting  at  67". 

0-0940  gave  4-75  c.c.  moist  nitrogen  at  15-4^  and  766-5  mm.  X=:5-94. 
iS'O^/CV^HoBr-OCHo  requires  iSr  =  6-03  per  cent. 

The  constitution  of  the  new  bromonitrophenol  is  shown  by  its 
giving  2-bromo-4 : 6-dinitrophenol  on  further  nitration,  2-bromo-4-nitro- 
phenol  giving  the  same  dinitro-compound  on  fiu-ther  nitration.  The 
new  modification  is  thus  2-bromo-6-nitrophenol. 

HO  HO  HO 


Br  yO/    \Br  NO./    ^Br 


NO,  NOg 

2-Bromo-6-nitraniline. — This  compound,  obtained  by  heating  the 
methylic  ether,  above  described  with  alcoholic  ammonia  in  a  sealed 
tube  at  120^  for  7  hours,  crystallised  from  dilute  alcohol  in  silky, 
orange  needles  melting  at  73 — 74°. 

0-1269  gave  13-9  c.c.  moist  nitrogen  at  12°  and  767  mm.  N  =  13-10. 
NOo-C6H3Br-NHo  requires  N  =  12-90  per  cent. 

The  compound  is  soluble  in  all  the  ordinary  organic  solvents  ;  it  is 
but  very  feebly  basic  and  resists  acetylation  even  when  boiled  with 
acetic  anhydride. 

From  the  foregoing  results,  it  thus  appears  that  the  2-bromo- 
4  : 6-dinitrophenol,  obtained  by  the  nitration  of  the  crude  product  of 
the  action  of  bromine  on    phenol  in   acetic   acid   solution,  owes  its 
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origin  to  both  the  pai-a-  and  ortho-bromophenols  present  in  the 
mixture.  Its  formation  from  parabromophenol  under  the  conditions 
of  nitration  employed  is  certainly  remarkable,  and  since  at  first  sight 
it  appeared  probable  that  the  dinitro-compound  resulted  from  the  further 
nitration  of  4:-bromo-2-nitrophenol  (with  isomeric  change),  a  number 
of  experiments  were  made  with  the  object  of  studying  the  action  of 
nitric  acid  on  the  latter  compound  under  various  conditions.  The 
results  are  summarised  below. 

(a)  4-Bromo-2-nitrophenol  may  be  dissolved  in  excess  of  cold  fuming 
nitric  acid  without  transformation  into  2-bromo-4  :  6-dinitropbenol, 
provided  the  temperature  is  not  allowed  to  rise  above  20',  and  the 
action  of  the  nitric  acid  is  not  allowed  to  continue  for  more  than  about 
5  minutes.     The  product  is  -J:-bromo-2  : 6-dinitrophenol. 

(b)  4:-Bromo-2-nitrophenol  is  not  converted  into  2-bromo-4  :  6-dinitro- 
phenol by  a  large  excess  (ten  times  the  theoretical  quantity)  of  fuming 
nitric  acid  in  2 — 3  hours  if  the  nitric  acid  is  diluted  with  an  equal 
volume  of  glacial  acetic  acid,  and  the  temperature  not  allowed  to 
exceed  15^.     The  product  in  this  case  also  is  4-bromo-2  :  6-dinitrophenol. 

(c)  4-Bromo-2-nitrophenol  is  completely  converted  into  2-bromo-4  :  6- 
dinitrophenol  at  ordinary  temperatures  if  dissolved  in  excess  of  fuming 
nitric  acid  and  allowed  to  stand  for  2  or  3  hours. 

The  formation  of  2-bromo-4  :  6-dinitrophenol  thus  appears  to  be  due 
to  the  direct  action  of  nitric  acid  on  parabromophenol  (and  ortho- 
bromophenol),  the  para-modifi.cation  not  passing  through  the  inter- 
mediate stage  of  4-bromo-2-nitrophenol. 

i-Bro/no-2  :  Q-dinitrojAenol  and  Derivatives. 

The  above  compound  can  be  reduced  by  heating  with  ammonium 
sulphide  solution.  An  excess  of  the  reducing  agent  must  be  avoided 
or  the  reduction  goes  too  far,  and  a  highly  oxidisable  compound  is 
formed.  The  product  of  the  moderated  reduction  is  4:-bro7}io-'2-yi{tro-6- 
amidojjhenol.  When  crystallised  from  dilute  alcohol,  the  compound 
consists  of  brown  scales  of  distinctly  basic  properties  melting  at 
141—142°. 

0-1862  gave  19-1  c.c.  moist  nitrogen  at  9-5°  and  753-4  mm.     N=  12-18. 
ls'0o-C,3HoBr(NH.)-0H  requires  X=  12-01  percent. 

The  acetyl  derivative,  XO^-  CgH2Br(NHAc)-0H,  prepared  by  acetyl- 
ating  the  base  with  acetic  anhydride  in  acetic  acid  solution,  after 
crystallisation  from  alcohol,  acetic  acid,  and  benzene  successively, 
consists  of  whitish  needles  melting  at  161 — 162^ 

0-0949  gave  8-3  c.c.  moist  nitrogen  at  15-2°  and  759-5  mm.      N=  10-3. 
The  formula  requires  X  =  10-18  per  cent. 
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The  hydrochloric  acid  solution  of  the  base,  when  treated  with  one 
molecular  proportion  of  sodium  nitrite,  gives  a  brownish-yellow 
crystalline  deposit  of  a  diazoxide  which,  when  dry,  crystallises  from 
benzene  in  brown,  stumpy  needles  with  a  greenish,  metallic  lustre. 
The  pure  compound  when  heated  rapidly,  explodes  with  extreme 
violence  at  about  144°.     The  composition  was  established  by  analysis. 

0"2166  gave  31"5  c.c.  moist  nitrogen  at  13°  and  762  mm.     N  =  171. 
The  formula  requires  N=  172  per  cent. 

The  constitution  is 

N-0 

N^NOo. 

Br 

In  order  to  characterise  the  bromodinitrophenol  further,  the 
methylic  ether,  which  does  not  appear  to  have  been  described,  was  pre- 
pared by  heating  the  silver  salt  with  methylic  iodide  in  methyl 
alcoholic  solution.  The  methylation  is  very  imperfect,  and  the  product, 
after  purification  by  washing  with  dilute  alkali  and  crystallisation 
from  dilute  alcohol,  consists  of  slender,  straw-coloured  needles  melting 
at  81—82°. 

0-0783  gave  6-8  c.c.  moist  nitrogen  at  20°  and  764  mm.     N  =  9'97. 
C6H2Br(N02)2- OCH3  requires  N=  lO'lO  per  cent. 

This  methylic  ether  most  readily  exchanges  its  methoxyl  group  for 
the  amido-group  on  boiling  for  a  short  time  with  alcoholic  ammonia, 
the  product  being  the  4-bromo-2  :  6-dinitraniline  crystallising  in  orange 
needles  melting  at  160°  (Austen.  Ber.,  1886,  9,  919). 

0-0770  gave  10-9  c.c.  moist  nitrogen  at  19°  and  763  mm.     N  =  15-98. 
CgH2^i'(N02)2'NH2  requires  N  =  16  per  cent. 

The  protecting  influence  of  the  two  orthonitro-groups  is  shown  by 
the  fact  that  the  compound  is  not  acetylated  on  boiling  for  some  time 
with  acetic  anhydride  and  anhydrous  sodium  acetate.  On  boiling 
with  benzoyl  chloride,  it  forms  a  benzoyl  derivative  which  crystallises 
from  alcohol  in  white,  silky  needles  melting  at  197 — 198°. 

0-0578  gave  5-7  c.c.  moist  nitrogen  at  19-5°  and  769-8  mm.  N  =  11-44. 
C6H2Br(N02)2-NH-C-H50  requires  N=  11-47  per  cent. 

Derivatives  of  Guaiacol. 

Bromonitroguaiacols. — The  origin  of  this  experiment  was  an  attempt 
to  isolate  a  definite  monobromoguaiacol  by  brominating  guaiacol  in 
glacial  acetic  acid  with  one  molecular  proportion  of  bromine,  and  the 
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conversion  of  the  whole  product  into  the  benzoyl  derivative  by  treat- 
ment with  benzoyl  chloride  in  the  presence  of  caustic  soda  solution. 
The  mixture  of  bromoguaiacol  benzoates  obtained  by  this  method  is, 
however,  not  crystallisablo,  and  nitration  was  therefore  resorted  to  as 
a  means  of  isolating  a  definite  compound.  The  product,  consisting  of 
a  viscid,  fragrant  resin,  was  dissolved  in  glacial  acetic  acid,  and 
allowed  to  stand  for  some  hours  in  admixture  with  an  excess  of 
fuming  nitric  acid  at  the  ordinary  temperature.  The  nitro-derivative 
was  thrown  out  by  pouring  the  solution  into  water,  and,  after  numerous 
crystallisations  from  alcohol,  a  definite  compound  consisting  of  slender 
pale-yellow  needles,  melting  at  103 — 104°,  was  obtained. 

0'120gave  4"16  c.c.  moist  nitrogen  at  15'5°and  745*5  mm.    N  =  3"95. 
N02-CeH2Br(OCH3)-OC^H50  requires  N  =  3-98  per  cent. 

The  benzoyl  derivative  was  hydrolysed  by  boiling  it  for  some  time 
with  sodium  hydroxide  solution ;  the  sodium  salt  of  the  bromonitro- 
guaiacol  thus  formed  crystallises  in  bright  red  needles  readily  soluble 
in  hot  water,  but  only  sparingly  in  cold  water,  especially  in  the  pre- 
sence of  excess  of  sodium  hydroxide.  The  free  compound  obtained 
by  the  action  of  acids  on  the  sodium  salt,  crystallises  from  hot  water 
in  pale  yellow  plates  or  flat  needles  having  a  melting  point  of  120°. 

0'1426  gave  6"9  c.c.  moist  nitrogen  at  18°,  and  763  mm.     ]Sr  =  5"60. 
N02-CeH2Br(OOH3)-OH  requires  N"  =  5-64  per  cent. 

The  constitution  of  this  bromonitroguaiacol  has  been  arrived  at 
indirectly.  The  bromination  of  guaiacol  might  be  expected  to  give 
rise  to  a  mixture  of  the  two  compounds 

HO  HO 


Brr    ^OCHo  ,  /    \OCH, 

3         and  3 


Br 

These,  on  nitration,  would  yield  respectively 

HO  HO 


T     Br/    \OCHo  ,  XT       NO,/    ^OOH, 

I.  3        and  II.  ^\  3 


NO2  Br 

It  was  found  that  the  paranitroguaiacol  corresponding  with  for- 
mula I  (Meldola,  Proc,  1896,  p.  127),  on  bromination  in  acetic 
acid,  gave  a  bromonitroguaiacol  differing  from  formula  I,  so 
that  the  bromonitroguaiacol  melting  at  120°  isolated  by  us  is 
the  4-bi'omo-6-nitroguaiacol  (formula  II).  The  deep  red  colour  of 
the  sodium  salt  is  also  in  favour  of  this  formula. 

3  A 
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The  4-nitro-6-bromoguaiacol  (formula  I)  obtained  by  brominating 
paranitrogiiaiacol,  crystallises  from  hot  water  in  pale,  slender,  yellow 
needles  melting  at  142°. 

0-1320  gave  6-1  c.c.  moist  nitrogen  at  141°  and  769-5  mm.     N  =  5'49. 
The  formula  requires  N  =  5-64  per  cent. 

The  sodium  salt,  which  is  much  more  soluble  in  water  than  that  of 
the  isomeride,  crystallises  in  reddish  needles,  which  are  not  so  highly 
coloured  as  the  sodium  salt  of  the  4-bromo-6-nitroguaiacol. 

The  benzoyl  derivative  crystallises  from  benzene  in  thin,  pale  yellow 
tablets  melting  at  117—118°. 

The  bromamidoguaiacol,  corresponding  with  the  two  bromonitro- 
guaiacols  above  described,  appear  to  be  very  easily  oxidisable,  and  we 
have  not  yet  succeeded  in  isolating  them. 

Orlhacetamidoguaiacol. — The  orthonitroguaiacol  benzoate  melting 
at  88—89°  (Proc,  1896,  p.  127),  when  reduced  by  boiling  in 
alcohol  solution  with  tin  and  hydrochloric  acid,  loses  the  benzoyl 
group  and  gives  orthamidoguaiacol.  The  latter  is  very  unstable,  and 
could  not  be  isolated  as  a  free  base  ;  the  hydrochloride, 

OH  •  C6H3(OCH3)  •  NH,,  HCl, 
crystallises   in   white    needles.     The  acetyl  derivative,    obtained    by 
heating  the  hydrochloride  with  sodium  acetate  and  acetic  anhydride, 
crystallises  from  boiling  water  in  flat,  whitish   needles  with   serrated 
edges,  and  melts  at  122 — 123°  with  decomposition. 

0-1396  (dried  in  air)  gave  8*05  c.c.  moist  nitrogen  at  12°  and  767 
mm.     N  =  6-9. 

0-6927,dried  at  100°  until  constant,  lost  0-0678.     H20  =  9-78. 
OH-CfiH3(OCH3)-NH-C^H30  +  H^requiresN  =  7-03  andHgO  =  9-04  percent. 

HO 


The  constitution  of  the  acetyl  derivative  is  11^' 

\/ 

The  compound  is  phenolic,  and  forms  a  nitroso-dei'ivative  when  dis- 
solved in  glacial  acetic  acid  and  treated  with  sodium  nitrite.  This 
nitroso-derivative  crystallises  in  reddish-brown  crystals  having  a 
melting  point  of  about  155°,  but  the  quantity  of  substance  at  our 
disposal  was  extremely  small,  and  we  do  not  consider  that  it  has  yet 
been  obtained  in  a  pure  condition. 

We  have  pleasure  in  acknowledging  the  assistance  which  Mr.  Percy 
P.  Phillips  has  given  in  connection  with  some  of  these  investigations. 

FlNSBUItY    TECHNUAIi    COLLEGE, 

July,  1898. 
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LXXIL — Some  lodoso-compounds. 

By  John  McCbae,  Ph.D. 

In  order  to  ascertain  whether  diortho-substituted  phenylic  iodides 
yield  iododichloride-,  iodoso-,  and  iodoxy-derivatives,  the  following  in- 
vestigation was  carried  out. 

Victor  Meyer  and  others  have  shown  that  diortho-substituted 
benzoic  acids  do  not  yield  ethereal  salts  by  the  hydrochloric  acid 
method,  and  as  this  has  been  attributed  by  Meyer  to  the  "surrounding  " 
influence  of  the  ortho-substituting  groups,  it  was  thought  that  the 
"  surrounding "  influence  of  two  ortho-substituting  groups  might 
prevent  the  adding  on  of  chlorine  to  the  iodine.  The  results  obtained 
have  not  confirmed  this  view,  but  the  substances  obtained  are  worthy 
of  being  recorded. 

I.  Orthiododimetadihromotoluene,  CgH2(CH3)IBr2  [1  :  2  :  3  : 5]. 

This  substance  has  not  yet  been  described.  It  was  prepared  by 
diazotising  3  : 5-dibromorthotoluidine  *  in  sulphuric  acid  solution, 
pouring  the  diazo-solution  into  a  hot  concentrated  solution  of  potas- 
sium iodide,  and  warming  on  the  water,  bath,  when  a  dark  coloured 
oil  separated.  As,  on  cooling,  the  oil  readily  solidified,  the  liquid  was 
poured  off,  the  solid  melted  under  hot  water,  and  a  current  of  sul- 
phurous anhydride  passed  through,  when  it  was  quickly  decolorised. 
After  being  several  times  crystallised  from  alcohol,  long,  colourless 
needles  were  obtained  melting  at  68°.  It  is  easily  soluble  in  hot 
alcohol,  ether,  or  chloroform.  It  boils  with  slight  decomposition  at 
314°  (uncorr.),  and  is  only  very  difiicultly  volatile  in  steam. 

0*1505  gave  0'2466  mixed  AgBr  and  Agl. 

C^HgBroI  requires  0"2446. 

0-2210  mixed  silver  halides  gave  0-1570  AgCl. 

2AgBr-}- Agl  requires  0-1558  AgCl. 

Dichloride,Gil^'  OgHoBr.^'IClg. — A  current  of  dry  chlorine  was  passed 
through  a  saturated  chlorofom  solution  of  iododibromotoluene,  kept 
cool  by  being  surrounded  by  water,  and  after  some  time  yellow, 
cubical  crystals  of  the  dichloride  separated.  As  the  dichloride  is 
more  soluble  in  chloroform  than  the  substance  from  which  it  is  pre- 
pared, it  does  not  separate  until  some  of  the  chloroform  has  evaporated. 
The  crystals  were  collected  on  a  filter,  washed  with  a  small  amount  of 
chloroform,  and  dried  on  porous  porcelain.  The  compound  is  easily 
soluble   in    ether,    somewhat    soluble    in    chloroform,   and  less  so   in 

*  Obtained  by  aspirating  a  current  of  air  saturated  with  bromine  vapour  through 
a  hydrochloric  acid  solution  of  orthotoluidine. 

3  A  2 
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alcohol ;  it  melts  (but  not  very  definitely)  at  about  95°  with  evolution 
of  much  gas. 

The  analysis  was  carried  out  by  estimating  the  amount  of  iodine 
liberated  from  potassium  iodide  (operation  carried  out  in  acid  solution 
in  an  opaque  bottle)  by  means  of  standard  thiosulphate  solution. 

0"5425  liberated  0'3046  iodine,whichcorrespondswith  15*70  per  cent.  CI. 
CyHjBrgl'Clg  requires  01  =  15-88  per  cent. 

(The  melting  point  of  the  residue  in  this  and  all  the  following 
analyses  was  taken,  and  always  was  found  to  be  the  same  as  that  of 
the  original  substance — in  this  case  68°.) 

lodosodibromotoluene,  CHg'CgHoBro'IO. — The  dichloride  ti'iturated 
in  a  mortar  with  soda  solution  until  the  solid  was  free  from  chlorine, 
gave  a  compound  which  was  too  poor  in  oxygen.  Better  results  were 
obtained,  however,  when  a  fairly  dilute  solution  of  sodium  carbonate 
was  used.  The  compound,  dried  on  porous  porcelain  after  completely 
washing  with  water,  was  a  yellow,  amorphous  powder  with  character- 
istic iodoso-odour.  Analysis  showed  that  it  contained  2*84  per  cent, 
oxygen  (calc.  4'08  per  cent.).  It  was  washed  with  alcohol  and  then 
dried.  The  yellowish  powder  thus  obtained  had  no  sharp  melting 
point,  at  77°  it  sintered,  and  at  87°  was  completely  melted  with 
disengagement  of  gas ;  when  quickly  heated,  it  explodes.  It  is  soluble 
in  ether,  and  to  some  extent  in  alcohol. 

0-2665  liberated  0-1689  of  iodine.     0  =  4-00. 

O-HgBrglO  requires  0  =  4  '08  per  cent. 

In  the  filtrate  from  the  iodoso-compound,  the  presence  of  an  iodonium 
salt  was  recognised  by  precipitation  with  potassium  iodide. 

lodosodiacetate  and  lodoxydihromotoluene. — To  the  iodoso-compound 
dissolved  in  glacial  acetic  acid  water  was  added  until  it  became  slightly 
turbid,  and  the  liquid  was  kept  in  the  exsiccator  for  two  or  three  days, 
when  it  deposited  needle-shaped  crystals  melting  at  66-5°;  these,  ac- 
cording to  the  analysis,  have  the  composition  CH3'CgH.,Br2"I(C2H30o)o. 

The  iodoxy-compound,  CHg*  G^^^^Vc^'lO.^,  was  obtained  by  distilling 
the  iodoso-derivative  in  a  current  of  steam.  The  undistilled  liquid, 
on  being  filtered  and  allowed  to  cool,  deposited  leafy  crystals  which 
exploded  when  heated.  The  amount  of  substance  obtained  was  not 
sufficient  to  carry  out  an  analysis,  but  it  liberates  a  large  quantity  of 
iodine  from  acidified  potassium  iodide  solution. 

II.  Symmetrical  iribroiniodobenzene,  CgHgBr.J  [1  :  3  :  5  :  2], 

This  was  prepared  by  treating  diazotised  .sym-tribromaniline  with 
potassium  iodide  solution  and  purification  of  the  product  by  crystal- 
lisation from   alcohol.     The  melting  point  found  was  105-5°  (Silber- 
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steiu,  /.  2»'.  Chem.,  1883,  [ii],  27,   101,   found  103-5°,  Jackson  and 
Calvert,  104-5°,  J wer.  Chem.  J.,  1896,  18,  298). 

Dichloride  of  tribromiodobenzene,  (^^^i,fiv.^'lQi\,„  was  prepared  exactly 
as  dibromiodotoluene  dichloi^ide.  The  crystals  melt  and  decompose 
slightly  below  100°.  They  ax'e  easily  soluble  in  ether  and  somewhat 
soluble  in  chloroform. 

0-2175  liberated  0-1064  iodine.     CI  =  13-67. 

CgH^B^sIClo  requires  Cl  =  13-86  per  cent. 

lodosotrihromohenzene,  C^jH.^r./IO. — Trituration  of  the  dichloride  in 
a  mortar  either  with  dilute  or  concenti'ated  solutions  of  caustic  soda 
or  of  sodium  carbonate  until  the  solid  was  free  from  chlorine,  did  not 
yield  the  pure  iodoso-compound.  This  was  obtained,  however,  from 
the  product  of  treatment  by  sodium  carbonate  or  caustic  soda  after  it 
had  been  dried,  by  washing  with  not  too  large  a  quantity  of  90  per 
cent,  alcohol.  After  drying  on  porous  porcelain,  a  yellow,  amorphous 
powder  was  obtained,  which  explodes  when  heated  in  the  flame.  At 
112°  it  sinters,  and  at  145°  melts  completely. 

0-2285  liberated  0-1250  iodine.     0  =  3-45. 

C^H^BrglO  requires  0  =  3-50  per  cent. 

lodosodiacetate,  CgH2Br3*I(C2H302)o,  was  obtained  exactly  as  the 
diacetate  formerly  described.  It  forms  small,  needle-shaped  crystals, 
which  sinter  at  98°  and  melt  completely  about  137°.  It  liberates 
iodine  from  potassium  iodide,  but  no  analysis  was  made. 

lodoxi/tribromobenzene,  C^HgBrg'IOg,  was  obtained  by  distilling  the 
iodoso-compound  in  steam.  From  the  uudistilled  part,  flaky  crystals 
separated  ;  these  explode  when  heated,  and  melt  at  193°.  They 
liberate  iodine  in  large  quantity  from  potassium  iodide. 

III.  h-Kitro-2-iodotoluene. 

Under  the  impression  that  the  compound  melting  at  104°,  which 
Beilstein  and  Kiihlberg  {Annalen,l'^ll,  158, 347) obtained  by  nitration 
of  ortho-iodotoluene  might  be  diorthomethylnitrophenylic  iodide,  I  had 
started  the  preparation  of  it  in  order  to  determine  its  constitution 
before  the  work  of  Reverdin  {Ber.,  1897,  30,  2999)  was  published. 
Eeverdin  has  shown  that  Beilstein  and  Kiihlberg's  compound  has  the 
constitution  CHg-CgHgl-NOo  [1:2:  5]. 

Starting  with  this  compound,  the  dichloride,  iodoso-,  &c.,  derivatives 
have  been  prepared,  and  although  this  has  no  bearing  on  the 
original  idea  of  the  work,  a  description  of  the  compounds  may  be 
given  here. 

Dichloride,  CIT3-C6ll3(N02)-ICl2,  was  obtained  by  passing  dry 
chlorine  through  a  saturated  chloroform  solution  of  nitroiodotoluene. 


C94  MCCRAE:   SOME   lODOSO-COMPOUNDS. 

Yellow  crystals  soon  separated  out ;  they  are  soluble  in  ether  and 
in  chloroform,  also  in  alcohol,  and  decompose  with  evolution  of  gas 
at  102'^ 

01 777  liberated  0-13505  iodide.     CI  =  21 -24. 

C-HgNOglClg  requires  CI  =  21 -25  per  cent. 

lodoso-derivative,  CH3'CgH3(N02)*IO. — The  dichloride  was  tritu- 
rated in  a  mortar  with  excess  of  a  12  per  cent,  solution  of  caustic 
soda,  and  the  solid  collected,  washed,  and  dried  after  it  was  free  from 
chlorine.  The  yellowish,  amorphous  powder  thus  obtained  melted 
about  175°,  and  was  slightly  soluble  in  alcohol. 

0-0675  liberated  0-0607  iodine.     0  =  5-67. 

CyHgNOglO  requires  0  =  5-73  per  cent. 

lodoso-diacetate  and  dinitrale. — The  iodoso-compound  yields  a  di- 
acetate,  CH3'CgH3(N02)I(C2H302)2»  by  treatment  with  glacial  acetic 
acid  and  precipitation  with  water  ;  the  long,  colourless  needles  thus 
obtained  melted  at  about  135°. 

The  iodoso-compound  is  soluble  in  warm  dilute  nitric  acid,  and  from 
the  solution,  on  cooling,  small  crystals  separate ;  this  is  the  dinitrate, 
CH3-CgH3(N02)I(N03)2.  At  104°  it  becomes  half  melted,  but  only 
fuses  completely  at  150°,  and  then  with  evolution  of  much  gas  and  a 
slight  separation  of  iodine. 

0-1085  liberated  0-07025  iodine.     N03  =  31-61. 

C7HgN02l(N03)2  requires  ^©3  =  31-95  per  cent. 

lodoxy-compound,  CH3'CgH3(N0^)'I0.„  was  obtained  by  distilling 
the  iodoso-compound  with  steam,  and  even  by  simply  boiling  it  with 
water.  The  undistilled  liquid,  when  filtered  and  allowed  to  cool, 
deposited  thin,  tabular  crystals  ;  these,  when  quickly  heated,  explode, 
but  have  a  very  sharp  melting  point,  198°. 

lodonium  Iodide,*  (CH3'CgH3*N02)2l*I. — In  the  preparation  of  the 
iodoso-compound,  the  alkaline  filtrate  was  slightly  yellow,  and  with 
potassium  iodide  gave  a  white,  crystalline  precipitate  which  melted  at 
99°  when  dry.  In  all  probability  this  was  dinitrotolyliodonium  iodide, 
as,  when  rubbed,  it  showed  the  characteristic  electric  property  of  the 
iodonium  iodides  of  springing  away  from  the  glass  rod. 

The  investigation  was  not  carried  farther,  for  enough  had  been  done 
to  show  that  the  oi'iginal  supposition  was  not  correct. 

Yorkshire  College, 
Leeds. 

*  The  tlieory  of  this  formatiou  is  given  in  my  Dissertation  :  Heidelberg,  1895. 


HARTLEY  ANO   DOBBIE. 
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LXXIII. — Notes   on   the    Absorption-  Bands   in   the 
Spectrum  of  Benzene. 

By  W.  K  Hartlev,  F.E.S.  and  J.  J.  Dobbie,  M.A.,  D.Sc. 

In  the  earliest  paper  on  the  spectrnm  of  benzene  (Hartley  and  Hunting- 
ton, Fhil.  Trans.,  1879^  170,  257),  it  was  described  as  having  six 
absorption  bands,  four  of  which  are  more  persistent  and  stronger  than 
the  other  two.  Owing  to  the  want  of  means  to  obtain  a  continuous 
spectrum,  some  difficulty  was  experienced  in  measuring  with  accuracy 
the  weaker  bands  (Hartley,  Trans.,  1885,  47,  685).  By  using  a 
wide  slit,  long  focussed  lenses,  and  a  powerful  spark,  the  rays  are 
sufficiently  continuous,  but  at  a  sacrifice  of  accurate  measurement 
of  the  fiducial  spaik  lines.  One  feature,  however,  was  noticeable  in 
specti-a  obtained  in  this  way,  the  absorption  bands  were  all  degraded 
in  the  direction  of  the  least  refrangible  rays,  or,  in  other  words, 
towards  the  red  end  of  the  spectrum.  This  was  considered  as 
suggestive  of  the  bands  consisting  of  groups  of  lines  stronger  and 
closer  together  on  the  more  refrangible  side,  weaker  and  wider  apart 
on  the  less  refi'angible.  By  using  a  vei-y  powerful  spai'k,  the  rays 
emitted  by  cadmium  electrodes  may  be  rendered  sufficiently  continuous 
to  show  these  bands,  and  at  the  same  time  render  the  lines  sufficiently 
sharp  to  measure  them  by ;  from  such  a  photograph,  taken  a  year 
ago,  the  absorption  bands  have  been  again  measui"ed. 

The  paper  by  Herr  Pauer  on  the  absorption  of  the  ultra-violet  rays 
by  vapours  and  liquids  (Anji.  Phys.  Ghem.,  1897,  61,  362)  shows  that 
the  spectrum  of  the  vapour  of  benzene  is  composed  of  four  absorption 
bands,  similarly  constituted  of  groups  of  lines.  Liquid  benzene  does 
not  show  the  constitution  of  these  .bands,  neither  do  solutions  of  the 
hydrocarbon.  Pauer  also  mentions  a  weaker  band  A.239  to  236  and 
indicates  a  line  at  X267  which  is  weak.  This  last  line  is  undoubtebly 
the  1st  absorption  band  and  the  band  X239  to  236  is  the  6th 
absorption  band  observed  in  solutions  of  benzene  in  alcohol. 

It  has  therefore  been  considered  desirable  that  photographs  of  the 
benzene  spectrum  should  be  submitted  to  the  Society,  together  with  a 
later  series  of  measurements  taken  from  solutions  of  benzene  in 
alcohol. 

Benzene,  C^Hq. — 0*078  gram,  1  milligram  molecule,  dissolved  in 
20  CO.  of  alcohol.  Strong  absorption  bands  to  the  number  of  six, 
which  appear  after  dilution,  or  in  decreasing  thickness  of  liquid  when 
the  general  absorption  has  disappeared. 
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Tliiekncss  of 
layer  of  liquid 
in  millimetres. 

Descriptiou  of  spectrum. 

1 
A 

A 

25 
20 

One  band,  absorption  beyond  complete 

3691- 
3691- 
3741 

3691- 
3755- 

4555 

3802- 

3886 

3886- 

3979- 

4075- 

4170- 

4265- 

4555 

3802- 

3883- 

3979- 

4075- 

4170- 

4266- 

4555 

3812- 
3915- 
3995- 
4100- 
4190- 

4555 
!    3819- 
3915- 
4004- 
4103- 
4202- 
4555 

-3727 
-3727 

-3730 
-3883 

-3854 

-3947 
-4043 

-4128 
-4189 

-4290 

-3847-5 

-3947 

-4040 

-4122-5 

-4215 

-4291 

-3847-5 

-3937 

-4030 

-4120 

-4210 

-3847-5 

-3934 

-4024 

-4116 

-4208-5 

2709- 
2709- 
2673 

2709- 
2663- 

2195 

2630- 

2573 

2573- 

2513- 

2454- 

2398- 

2344- 

2195 

2630- 

2575- 

2513- 

2454- 

2398- 

2344- 

2195 

2623- 
2554- 
2503- 
2439- 
2386- 

2195 

2618- 

2554- 

2497- 

2437- 

2379- 

2195 

-2683 
-2683 

15 
10 

Rays  feebly  transmitted  from  3727  to 
The  strong  linesof  cadmium  are  feebly 

transmitted,    viz.,  -  4306,    4321, 
A 

4368  and  4413. 
The   same,  but  the   transmitted  lines 

are  a  little  stronger. 
Two  bands,  not  very  distinct. 

First  from  

-2681 

Second  from       

-2575 

Lines  of  cadmium  transmitted  more 
strongly  4291  to    

5 

The   first  absorption   band  is    barely 
visible. 
The  second  absorption  band  from  ... 

Rays  transmitted  from  3854  to  

Absorption  band,  third  from  

-2594 
-2533 

,,             ,,       fourth  from    

,       fifth  from    

-2473 

-2422 

ji                      sixth  from 

-2387 

Faint  indication  of  a  band,  doubtful 
from    

-2331 

4 

Lines  transmitted  4291  to  

Absori)tion  band,  second  from    

-2599 

J  J             J ,      third  from  

-2533 

J,             ,,      fourth  from    

-2475 

fifth  from    

-2426 

J        sixth  from  

-2372 

Very  faint  indication   of    a    band. 

-2330 

Lines  of  cadmium  transmitted  4291 
to 

^1 

Tiie  description  applies  to  both  these 
spectra. 

Absorption  band,  second  from    

,,      third  from  

-2599 
-2540 

,,             ,,      fourth  from 

-2480 

,,             ,,      fifth  from     

,             ,,      sixth  from   

-2427 
-2375 

Lines  of  cadmium  transmitted  with 

1 

Absorption  band   second  from    

-2599 

-2541 

, ,             , ,       fourth  from    

-2485 

,,                     fifth  from    

-2429 

,,             ,,       sixtii  from 

Continuous  spectrum  to  

-2376 

A  remark<ablo  feature  of  this  spectrum  not  previously  so  well 
observed  is  that  the  absorption  bands  are  sharpest  where  the  rays 
are  of  shorter  wave-length,  and  are  gradually  weakened  in  the  oppo.site 
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direction,  as  if  they  were  groups  of  lines  closer  together  and  stronger 
on  the  side  where  the  rays  are  of  smallest  wave-length. 

It  is  perhaps  worth  while  to  draw  attention  to  a  slight  mistake  on 
p.  364  of  Herr  Pauer's  paper  ;  he  credits  Miiller  with  work  on  the 
ultra-violet  rays,  but  the  author  referred  to  is  undoubtedly  the  late 
Dr.  William  Allen  Miller.  It  has  been  explained  also  by  Professor 
W.  Pi,.  Dunstan,  whom  he  mentions  as  having  investigated  ultra-violet 
absorption  spectra,  that  certain  work  was  in  error  attributed  to  him 
{Chemical  News,  1891,  63,  309  ;  1891,  64,  10  and  212). 

Royal  College  of  Science, 
Dublin. 


LXXIV. — On  Myrticolorin,  the  Yellow  Dye  Material  of 
Eucalyptus  Leaves. 

By  Henry  G.  Smith. 

In  the  leaves  of  Eucalyptus  macrorhyncha,  a  yellow  dye  exists  in 
large  quantity.  From  preliminary  examination  of  a  small  portion  of 
this  material,  it  was  evident  that  the  dyeing  substance  was  allied  to, 
if  it  was  not,  quercetin.  As  the  discovery  was  thought  to  be  of  some 
importance  to  Australia,  an  announcement  was  made  to  the  Poyal 
Society  of  New  South  Wales  {Proc.  Roy.  Soc.  KS'.W.,  1897). 

It  was  named  myrticolorin  as  being  derived  from  the  Myrtacese,  to 
which  natural  order  the  Eucalypts  belong. 

I  am  indebted  to  my  colleague,  Mr.  P.  T.  Baker,  the  botanist  to  this 
Museum,  for  the  description  of  this  tree  and  its  habitat,  as  too  much 
care  cannot  be  taken  in  the  diagnosis  of  the  several  species  of  this 
difficult  genus,  there  being  in  New  South  Wales  alone  nearly  sixty 
distinct  species  of  Eucalypts,  and  many  of  these  differing  widely  in 
their  chemical  constituents.  Eucalyptus  macrorhyncha,  F.  v.  M.,  is 
the  "  red  stringy  bark  "  of  New  South  Wales  and  the  ordinary  "  stringy 
bark  tree  "  of  Victoria.  It  has  a  rather  extensive  range  in  both  colonies, 
being  found  in  all  the  principal  mountainous  country  districts. 

It  is  a  fair  sized  tree,  rarely  exceeding  200  feet  in  height ;  the 
timber  is  inferior  in  quality  to  the  "  white  stringy  bark,"  E.  eugeinoides, 
Sieb.,  and  is  mostly  tinged  with  red,  and  is  thus  easily  distinguished 
from  timber  of  the  other  stringy  barks.  It  has  a  very  thick,  red 
fibrous  bark,  and  is  deeply  furrowed.  The  buds  and  fruits  are  very 
characteristic  and  cannot  well  be  confused  with  any  other  species  of 
Eucalyptus ;  its  nearest  affinity  is  perhaps  E.  capitellala,  Sm.,  the 
"  brown  stringy  bark." 
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It  is  figured  and  described  by  Bax'on  v.  Mueller  in  his  Eucalypto- 
graphia,  Dec.  I,  and  described  also  in  B.  Fl.  :  III.,  207. 

From  laboratory  experiments,  it  was  found  that  10  per  cent,  of 
myrticolorin  existed  in  the  leaves  of  this  tree  under  what  appears  at 
present  to  be  the  most  favourable  conditions.  Commercially,  myrti- 
colorin may  be  extracted  with  the  greatest  simplicity. 

For  the  purpose  of  this  research,  the  crude  material  was  purified  by 
dissolving  in  boiling  water  and  allowing  it  to  crystallise  out,  which  it 
readily  does  as  the  water  cools,  forming  a  semi-solid  mass  ;  this  process 
was  repeated  two  or  three  times.  The  myrticolorin  was  then  separated, 
dried,  finely  powdered,  extracted  in  a  Soxhlet's  apparatus  with  ether 
until  nothing  more  was  dissolved ;  the  chlorophyll,  &c.,  was  thus 
removed,  the  ether  being  of  a  bright  green  colour.  The  powder  was 
then  dried  and  boiled  in  absolute  alcohol,  filtering  while  hot,  by  which 
means  the  colouring  substance  was  separated  from  the  remaining 
impurities,  consisting  principally  of  inorganic  salts ;  the  alcoholic 
extract  thus  obtained  was  evaporated  to  a  small  bulk,  poured  into 
water,  and  the  remaining  alcohol  removed  by  boiling ;  on  standing, 
the  yellow  product  crystallised  out  as  usual,  and  was  collected,  recrys- 
tallised  from  dilute  alcohol,  and  finally  twice  from  boiling  water. 

As  thus  prepared,  it  was  of  a  pale  yellow  colour,  almost  insoluble 
in  cold  water,  and  not  very  readily  soluble  in  hot  watei\  It  dissolved 
in  alkalis  with  an  orange  colour  ;  the  aqueous  solution  gave  a  yellow 
coloration  with  lead  acetate,  and  a  dark  green  coloration  with  ferric 
chloride. 

Although  showing  signs  of  melting  at  179°,  yet  it  did  not  melt 
below  185^,  at  which  temperature  it  formed  a  thick  treacly  mass  of  a 
dark  brown  colour. 

Myrticolorin  reacts  with  the  haloid  acids  in  acetic  acid  (the  method 
described  by  A.  G.  Perkin  being  used)  and  also  with  sulphuric  acid, 
the  glucoside  being  hydrolysed  and  salts  of  quercetin  containing  one 
molecule  of  the  acid  being  formed. 

The  analyses,  on  material  dried  at  130'^,  gave  the  following  results, 
four  determinations  being  given  from  the  large  number  made. 

0-1766  gave  0-3449  CO.,  and  0-0797  H„0.  C  =  53-26;  H  =  5-02. 
01932  „  0-3768  CO^  „  0-0874  KA  C  =  53-19 ;  H  =  5-03. 
0-1768  „  0-3445  CO2  „  0-0792  H^O.  C  =  53-15  j  H  =  4-98. 
0-2244  „  0-4378  CO2  „  00989  11^0.  C  =  53-21  j  H  =  4-89. 
CoyHgsOiQ  requires  53*29  C,  and  4-61  H  per  cent. 

Myrticolox'in  after  being  dried  at  the  above  temperature  is  very  hygro- 
scopic. 

As  the  substance  is  undoubtedly  a  glucoside,  a  portion  was  taken 
for  decomposition  with  acid: — 1"4353  grams  was  dissolved  in  three- 
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quarters  of  a  litre  of  water,  7  c.c.  of  sulphuric  acid  added,  and  the 
whole  boiled  for  2  hours ;  when  cold,  the  precipitate  was  collected, 
washed  with  water,  dried,  and  heated  to  160°;  0'6998  gram  was  thus 
obtained,  equal  to  48 '76  per  cent. 

06068  gi-am  under  the  same  conditions,  but  with  less  acid,  gave 
0*2955  gram,  equal  to  48"7  per  cent. 

On  analysing  the  glistening,  yellow  substance  so  obtained,  it  gave 
the  following  results. 

01 216  gave  0-2672  CO.,  and  0-0434  H,0.     0  =  59-93;  H  =  3-96. 

0-1337     „     0-2924  00.2    „    00468  H^O.     0  =  59-64 ;  H  =  3-89. 

O^jH^qO^  requires  0  =  59"6  ;  H  =  3-31  per  cent. 

Although  almost  insoluble  in  water,  it  was  fairly  soluble  in  alcohol 
and  the  alcoholic  solution  gave  a  dark  green  coloration  with  ferric 
chloride,  and  a  brick-red  precipitate  with  lead  acetate. 

The  acetyl  derivative,  prepared  by  the  usual  method,  gave  a  colour- 
less, crystalline  product  melting  at  190°. 

To  investigate  the  products  of  decomposition  with  alkalis,  the  sub- 
stance was  heated  with  potash  for  half-an-hour  at  180 — 200°;  the 
product  was  dissolved  in  water,  slightly  acidified,  and  extracted  with 
ether ;  the  ether,  on  evaporation,  left  a  crystalline  substance,  which, 
when  dissolved  in  water  and  tested  with  hydrochloric  acid  and  fir- 
wood,  gave  the  phloroglucinol  reaction  ;  lead  acetate  was  then  added, 
the  precipitate  removed,  decomposed  with  sulphuric  acid  and  extracted 
with  ether  ;  the  crystalline  product  thus  obtained  gave  all  the  reactions 
of  protocatechuic  acid,  and  melted  at  194 — 196°.  The  filtrate  from 
the  lead  precipitate  was  acidified  with  sulphuric  acid  and  extracted 
with  ether;  the  residue  from  this  gave  the  phloroglucinol  reaction. 
The  products  of  decomposition  were,  therefore,  p^-otocateeJmic  acid  and 
2}hloroglucinol. 

Hydrolysis  by  Sulphuric  Acid, — Sulphuric  acid  was  added  to  a 
saturated  solution  of  the  colouring  matter  in  boiling  acetic  acid  ;  on 
cooling,  an  orange-coloured  compound  separated,  which  was  collected, 
pressed  as  dry  as  possible,  and  further  dried  on  a  porous  plate ;  it  was 
then  suspended  in  water  for  24  hours;  the  regenei^ated  colouring 
matter  was  collected,  dried,  and  weighed,  and  the  sulphuric  acid  left 
in  solution  was  determined  with  barium  chloride  in  the  usual  way. 

The  regenerated  material  weighed  0*085.  BaSO^  obtained  =  0'0677 
=  HoSO^  0-0285. 

H2SO4  =  25-11,  colouring  substance  74-89. 
CisHjoOpH^SO^  requires  H^SO^,  24-5  ;  quercetin,  75*5  per  cent. 

From  these  results,  it  appears  that  the  colouring  matter  obtained  by 
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the  decompositiou  of  myrticolorin  is  quercetin,  and  that  the  dye 
material  of  eucalyptus  leaves  is  a  glucoside  of  quercetin. 

The,  >Sugar. — To  determine  the  character  of  the  sugar,  the  filtrates 
from  the  quantitative  determinations  of  the  quercetin  were  neutralised 
with  barium  carbonate,  filtered,  the  solution  evaporated,  and  the  sugar 
thus  obtained  purified.  The  sugar  was  a  syrup  which  did  not  solidify 
on  standing  for  some  weeks ;  under  the  microscope,  however,  square 
tabular  and  prismatic  crystals  were  seen  ;  the  sugar  reduced  Fehling's 
solution  and  was  readily  decomposed  by  yeast.  When  heated  with 
phenylhydrazine  acetate  and  sodium  acetate,  an  osazone  was  formed 
consisting  of  golden-yellow  crystals  which  softened  at  170°  and  melted 
and  slightly  decomposed  at  180°  when  slowly  heated  ;  but  when  heated 
rapidly,  melted  with  rapid  decomposition  at  190°.  The  osazone  of 
galactose  melts  near  this  temperature  and  with  the  same  peculiarities. 

From  the  above  determinations  it  is  evident  that  myrticolorin,  when 
decomposed  with  acid,  gives  quercetin  and  a  glucose,  and  from  the 
analysis  the  equation  may  be  represented  as  follows. 

C27H28O16  +  3H2O  =  C.^H^oOr  +  SCoH^.Oo. 
This  requires  49  67  per  cent,  of  quercetin,  whilst  but  48-76  per  cent, 
had  been  obtained  by  ordinary  analysis,  as  described.  It  was  necessary 
to  account  for  this  discrepancy,  because  of  its  importance,  as  we 
already  know  two  glucosides  of  quercetin  with  regard  to  which  myrti- 
colorin would  occupy  the  intermediate  position,  namely,  Osijritrin, 
obtained  from  the  leaves  of  the  Cape  sumach,  Colpoon  comp-essum, 
described  by  Mr.  A.  G.  Perkin  (Trans.,  71,  1897,  1132),  which  has 
the  formula  Q^^~ii.^^O^>.,  and  Viola  quercitrin,  described  by  Mandelin 
{Jahresher.,  1883,  1369),  obtained  from  the  flowers  of  Viola  tricolor 
variemis,  having  the  formula  CoyHogOjj  (corrected  for  the  present 
formula  of  quercetin  by  Mr,  Perkin  in  the  paper  above  quoted). 
These  three  glucosides  require  the  following  percentages  of  carbon. 

Osyritrin  CgyHg^O^y  requires  51-76. 

Myrticolorin     CgyHosOjg        „        53-29. 

Viola  quercitrin  ^27^20^15        "        54-91. 

and  they  also  requii'e  the  following  percentages  of  quercetin  :  Osyritrin 
48-24;  Myrticolorin,  49-67;   Viola  quercitrin,  51-19. 

Fresh  analyses  on  specially  prepared  myrticolorin  always  gave 
numbers  approximating  to  53  per  cent,  of  carbon.  Attention  was 
then  directed  to  the  acid  filtrate  from  the  quercetin  determination, 
and  it  was  found  that,  on  again  boiling  and  evaporating  down,  a 
further  precipitate  of  quercetin  could  be  obtained  on  standing.  A 
fresh  detex-mination  was  then  made  by  dissolving  0-8842  gram  of 
myrticolorin  in  600  c.c.  of  water,  adding  5  c.c.  of  sulphuric  acid,  and 
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keeping  the  solution  just  boiling  for  3  hours,  allowing  the  water  to 
diminish  to  300  c.c.  After  standing  18  hours,  the  quercetin  was  removed 
washed  with  water,  dried,  and  heated  to  160°.  The  quercetin  obtained 
amounted  to  0*4408  gram  =  49-85  per  cent.  It  appears,  therefore, 
that  three  hours  boiling  is  necessary  to  decompose  the  whole  of  the 
glucoside. 

The  foregoing  results  show  that  Myrticolorin  fills  the  gap  between 
Osyritvin  and  Viola  quercitrin,  and  the  decomposition  with  acid  of 
these  three  substances  may  be  represented  by  the  following  formuUe. 

Osyritrin     C.^HgoOi.  +  2H2O  =  CisH^qO^  +  2C6HioO,;. 

Myrticolorin  C27H2SO16  +  3H2O  =  Ci^Hi^O^  +  2C,;H J,Oy. 

Viola  quercitrin ^27'^-2g^i5  +  ^H^O  =  C^gHjoO^  +  20^11^10^. 

Myrticolorin  is,  therefore,  a  new  glucoside  of  quercetin. 

Mr.  A.  G.  Perkin  kindly  forwarded  to  me  a  portion  of  Osyritrin,  and 
the  resemblance  between  that  substance  and  Myrticolorin  is  very 
marked  ;  in  colour,  melting  point,  reactions  with  reagents,  and  dyeing 
power,  no  differences  could  be  detected,  the  colours  given  on  striped 
calico  by  the  two  substances  being  identical  under  the  same  conditions. 

Technological  Museum, 
Sydney,  New  South  "Wales. 


LXXV. — Chemical  Properties  of  Concentrated  Solutions 
of  certain  Salts.    Part  II.    Double  Potassium  Succinates. 

By  William  Colebrook  Reynolds,  A.R.C.S. 

In  a  previous  communication  (Trans.,  1898,  73,  262),  I  have  shown 
that  when  the  soluble  salts  of  several  of  the  metals  are  added  to  a 
very  concentrated  solution  of  potassium  carbonate,  crystalline  double 
carbonates  of  the  metal  and  potassium,  more  or  less  soluble  in  the 
solution,  are  obtained,  instead  of  the  insoluble  carbonates  or  basic 
carbonates,  and  that  these  compounds  are  decomposed  by  water  to  an 
extent  depending  on  the  quantity  of  water  added.  For  comparison 
with  the  above,  I  have  studied  the  behaviour  of  the  same  salts  with  a 
concentrated  solution  of  potassium  succinate  (sp.  gr.  =  1*42),  this  salt 
being  chosen  because  it  is  very  soluble,  whilst  the  normal  succinates  of 
the  metals,  except  those  of  the  alkalis  and  magnesium,  are  almost 
insoluble  in  water. 

The  addition  of  soluble  salts  to  this  liquid  results  in  several  cases 
in  the  formation  of  a  solution  from  which,  if  a  sufficient  amount  of 
the  soluble  salt  has  been  added,   crystalline   double  succinates,  as  a 


K2C4H404. 

HjO. 

64-2 

6-04 

64-36 

5-96 
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rule,  separate.  As  in  the  case  of  the  carbonates,  the  addition  of  water 
to  the'solutions  of  the  double  salts  causes  decomposition  and  separation 
of  hydrated  metallic  succinates.  This  rapid  decomposition  by  water 
makes  the  isolation  of  pure  specimens  of  the  salts  diilicult,  and,  as 
before,  after  draining  on  a  Buchner  filter  plate  with  the  aid  of  a  water 
pump,  the  mother  liquor  was  mechanically  displaced  by  a  mixture 
of  glycerol  and  alcohol,  and  the  crystals  were  finally  washed  with 
alcohol. 

Copper  2>otassium  succinate  can  be  easily  obtained  in  small,  blue 
prisms  by  dissolving  copper  acetate  in  the  hot  solution  of  potassium 
carbonate  and  allowing  the  mixture  to  stand  a  short  time. 

CUC4H4O4 

Found  29-86 

Calculated  for  CuK4(C4H404)3  +  2H,0     29-68 

Nickel  j)otassium  succinate  can  be  prepared  by  adding  the  finely 
powdered  nitrate  or  chloride  to  the  hot  solution  of  potassium  carbonate 
(1  gram  to  each  20  c.c),  the  salt  separating  after  a  few  minutes  from 
the  still  warm  liquid. 

NiC4H404.    K2C4H4O4.       H2O. 

Found 30-30         67-00  2-77 

Calculated   for   NiK4(C4H404)3  +  H2O     30-08         66-85  3-07 

Cobalt  2)oiassiic77i  succinate  can  be  prepared    from   the   nitrate   as 

above  (1  gram  to  each  16  c.c). 

C0C4H4O4.  K.C4H4O4.  H„0. 

Found 47-52  51-97  0-37 

Calculated  for  CoK2(04H404)2  47-34  52-66  nil 

Zinc  potassium  succinate  can  be  prepared  by  adding  the  powdered 
acetate  to  the  solution  and  allowing  the  mixture  to  remain  until  it 
crystallises. 

ZnC4H404.    K0C4H4O4.        HjO. 

Found 47-12         50-59  2-34 

Calculated   for   (ZnK2C4H404)2  +  H20     46-96         50-90  2-14 

Lead  jjotassiwrn  succinate  can  be  prepared  by  adding  powdered  lead 
acetate  slowly,  with  stirring,  to  the  hot  solution  ;  the  crystals  sepa- 
rate in  a  minute  or  two. 

P1)C4H404.       K2C4H4O4.  H2O. 

Found  73-45         22-35  4-25 

Calculated  for  Pb2K2(C4H^O^)3  +  2H20     73-73  22-16  411 

Calcium  jjolassium,  succinate  can  be  prepared  from  calcium  acetate 
in  the  same  way  as  the  lead  compound. 

CaC4H404.    K,C4H404.        H2O. 

Found  57-60         35-37  6-87 

Calculated  for  Ca.,K2(C.iH404)3  +  2H20     57-55         35-82  6  63 
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On  adding  manganese  acetate*to  the  solution,  the  double  compound 
which  is  formed  is  so  soluble  that,  although  a  strong  solution  was 
prepared  and  allowed  to  stand  during  some  weeks,  no  crystals 
separated.  From  a  somewhat  diluted  solution,  an  amorphous,  hydrated 
double  succinate  of  manganese  and  potassium  separated  slowly,  but  the 
composition  of  the  precipitate  was  not  constant. 

Ferrous  chloride  will  dissolve  in  some  quantity  in  the  solution,  but 
the  crystals  which  separate  after  some  time  are  those  of  a  hydrated 
ferrous  succinate,  and  do  not  contain  potassium  ;  a  similar  compound 
of  cobalt  can  be  obtained  from  a  slightly  diluted  hot  solution. 

Soluble  salts  of  barium,  bismuth,  silver,  and  mercury  do  not  dis- 
solve in  the  solution  and  the  simple  hydrated  succinates  are  formed. 

Magnesium  succinate  is  scarcely  comparable  with  the  above,  since  it 
is  soluble  in  water,  but  on  adding  a  considerable  quantity  to  the 
saturated  solution  of  potassium  succinate  and  setting  aside  for  some 
days,  a  double  succinate,  MgK^2.{^J1^0^)2  +  b^2'^>  ^^  deposited  as 
previously  noted  by  Doepping  (Annalen,  1843,  47,  273). 

Two  of  the  above  double  succinates,  those  of  nickel  and  copper,  are 
of  some  interest  when  the  question  of  the  constitution  of  such  com- 
pounds is  considered.  The  double  succinate,  carbonate,  sulphate,  and 
oxalate  of  cobalt  and  potassium,  for  instance,  may  be  regarded  either  as 
constituted  as  follows 

where  A"  =  C^H^O^,  CO.:j,  SO^,  or  CoO^,  or  it  may  be  supposed  that  they 
consist  of  molecular  compounds  of  the  two  salts,  in  which  they  are 
possibly  linked  through  the  oxygen  atoms,  an  assumption  that  has 
been  made  to  account  for  cases  such  as  the  molecular  association  in 
many  liquids  containing  oxygen,  water  of  crystallisation,  the  double 
acetates,  and  double  nitrates.  The  nickel  and  copper  compounds  show 
that  the  latter  view  is  the  more  probable,  for  their  composition, 
'K^'R{CJ1J)^)^,  is  such  that  they  cannot  be  represented  by  a  structural 
formula  analogous  to  that  written  above  for  the  cobalt  salt. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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LXXVI. — Researches  on   fJie   Terpenes.   III.      Halogen 
Derivatives  of  Fenclione  and  their  Reactions. 

By  John  Addyman  Gardner,  M.A.,  and  George  Bertram  Cockburn, 

B.A. 

In  a  former  paper  (Trans.,  1897,  71,  1156)  we  described  a  com- 
pound of  the  formula  C2qHj^C1PO(OH)2,  which  we  named  chloro- 
fenchenepbosphonic  acid,  produced  by  acting  on  fencbone  with  phos- 
phorus pentacbloride  in  the  cold,  and  subsequently  treating  the 
product  with  water.  In  this  communication  we  give  a  further 
account  of  the  properties  of  this  substance,  and  also  describe  the 
halogen  derivatives  of  fenchene  produced  at  the  same  time. 

a  and  P-Chlorofenchene  Hydrochlorides. — Fifty  grams  of  fencbone  were 
mixed  with  200  grams  of  phosphorus  pentacbloride  in  a  flask  closed 
with  a  calcium  chloride  tube,  and  allowed  to  stand  at  a  temperature 
of  35 — 40°.  A  very  slow  action  took  place  with  gradual  evolution 
of  hydrogen  chloride,  and  after  standing  for  sis  weeks  the  contents  of 
the  flask  were  poured  on  to  ice  and  left  to  stand  until  all  the  phosphorus 
chlorides  were  decomposed.  The  oil  obtained  in  this  way  was  shaken 
with  a  solution  of  sodium  carbonate  to  extract  the  chlorofenchenephos- 
phonic  acid,  and  distilled  in  a  current  of  steam.  The  oil  which  passed 
over  was  separated  from  the  water,  dried,  and  subjected  to  careful  frac- 
tional distillation  under  a  pressure  of  1 6  mm.  Two  main  fractions  were 
obtained,  one  boiling  at  105 — 110°,  and  the  other  at  85 — 90° ;  the  latter, 
which  solidified  in  the  condenser,  was  chlorofenchene,  and  is  described 
later  (p.  705). 

The  fraction  of  higher  boiling  point  was  a  colourless  oil,  which, 
after  refractionation,  boiled  at  107 — 109°  under  16  mm.,  but  decom- 
posed on  distillation  under  the  ordinary  atmospheric  pressure.  An 
estimation  of  the  chlorine  gave  the  following  result. 

0-2639  gave  0-3615  AgCl.     CI  =  33-89. 

C^oHjgClg  requires  34-23  per  cent. 

In  other  experiments,  the  oil  left  after  extraction  with  sodium 
carbonate  solution,  instead  of  being  distilled  with  steam,  was  taken 
up  in  ether,  dried,  and,  after  evaporating  off  the  ether,  distilled  under 
diminished  pressure. 

No  chlorofenclicno  was  obtained,  and  the  bulk  of  the  liquid  passed 
over  at  105 — 110'^,  and  had  practically  the  same  percentage  of  chlorine. 
It  was  then  heated  to  100^  with  aniline  for  a  few  minutes;  on 
cooling,  some  aniline  hydrochloride  crystallised  out,  and  the  liquid 
was  then  acidified  with  hydrochloric  acid  and  distilled  in  steam,  when  a 
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small  amount  of  chlorofenchene  was  obtained,  together  with  an  oil  which 
again  distilled  at  105 — 110°  under  16  mm.  pressure.  This  was  again 
boiled  with  aniline,  but  very  little  action  took  place,  and,  on  repeating 
the  treatment  just  described,  no  more  chlorofenchene  was  obtained, 
and  the  oil  passed  over  apparently  unchanged.  A  very  small  amount 
of  a  crystalline  substance,  not  volatile  in  steam,  was,  however,  found 
to  be  mixed  with  the  aniline  hydrochloride ;  it  was  separated  by 
taking  advantage  of  its  insolubility  in  water  and  its  slight  solubility 
in  alcohol.  It  crystallised  from  alcohol  in  yellowish  needles,  which 
melted  at  120°,  but  the  quantity  was  too  small  for  complete  purification. 
The  following  analyses  of  the  partially  purified  substance  show  that  it 
very  probably  possesses  the  constitution  C^oH^gCl'NHCgHg.  The 
presence  of  nitrogen  was  proved  qualitatively. 

0-1798  gave  0-484  CO^  and  01341  H.p.     0  =  73-41  ;  H  =  8-28. 
0-2059     „     0-1029  AgCl.     CI  =  12-3. 
CioHieCl-NH-CfiHs  requires  0  =  72-89;  H  =  8-35;  01=  13-43  per  cent. 

The  oil  boiling  at  105 — 110°,  which  had  proved  to  be  stable  as 
regards  aniline,  was  then  heated  with  zinc  dust  and  glacial  acetic  acid, 
by  which  means  hydrogen  chloride  was  removed,  but  this  was  effected 
only  with  difficulty. 

Twenty-five  grams  of  the  oil  were  heated  with  18  grams  of  zinc 
dust  and  an  excess  of  glacial  acetic  acid  over  a  free  flame.  After 
boiling  during  36  hours,  the  product  was  distilled  with  steam,  and  the 
oil  which  passed  over  fractionated  under  reduced  pressure.  A  con- 
siderable portion  of  the  oil  remained  unchanged,  as  was  shown  by  the 
boiling  point  and  by  a  chlorine  estimation,  but  some  was  converted 
into  chlorofenchene.  On  again  treating  the  unchanged  oil  in  the  same 
way,  a  further  portion  of  chlorofenchene  was  obtained.  It  seems 
clear  then,  from  these  experiments,  that  the  first  action  of  the  penta- 
chloride  is  to  replace  the  oxygen  of  the  fenchone  by  chlorine,  and  that 
the  substance,  Oj^H^gOlg,  so  produced,  consists  of  a  mixture  of  two 
isomerides,  which  we  propose  to  name  a-  and  /3-chlorofenchene  hydro- 
chlorides. The  two  substances  are  too  nearly  equal  in  boiling 
point  to  admit  of  their  being  separated  by  distillation,  but  they  differ 
considerably  in  stability,  the  one  losing  hydrogen  chloride  even  by 
distillation  in  steam,  and  readily  by  the  action  of  aniline,  whilst  the 
other  is  stable  towards  aniline,  and  only  loses  hydrogen  chloride  very 
slowly  and  with  difficulty  when  treated  with  zinc  dust  and  glacial 
acetic  acid.  Both  isomerides  yield-apparently  the  same  chlorofenchene. 
Chlorofenchene. — Ohlorofenchene  is  a  solid,  crystalline  substance, 
which  cannot  be  purified  by  crystallisation  owing  to  its  great  solu- 
bility, but  can  be  readily  purified  by  distillation  under  diminished 
pressure.  It  boils  at  80 — 83°  under  a  pressure  of  16  mm.,  and  at 
VOL.  LXXLir.  3    B 
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190 — 192°  at  the  ordinary  pressure,  but  in  the  latter  case  it  seems  to 
undergo  some  slight  decomposition,  as  the  melting  point  is  lowered  and 
it  becomes  more  liquid.  It  is  extremely  soluble  in  alcohol,  ether, 
benzene,  light  petroleum,  chloroform,  and  carbon  bisulphide;  exposure 
to  the  vapour  of  the  latter  being  sufficient  to  cause  its  liquefaction. 
On  analysis,  it  gave  the  following  results. 

0-1916  gave  0-4946  CO.,  and  0-1549  HgO.     C  =  70-4;  H  =  8-98. 
0-2205     „     0-1831  AgCl.     Cl  =  20-52. 

CioH^sCl  requires  C  =  70-42  ;  H  =  8-80  ;  CI  =  20-77. 

The  yield  obtained  from  the  a,  or  easily  decomposable,  chloro- 
fenchene  hydrochloride  was  very  small,  probably  owing  to  its  having 
been  converted  into  chlorofenchenephosphonic  acid.  It  could  not, 
therefore,  be  obtained  in  quite  the  same  state  of  purity  as  that 
prepared  from  the  ^-hydrochloride  by  the  action  of  zinc  dust  and 
glacial  acetic  acid.  The  two  specimens,  howevei*,  differ  so  slightly 
in  their  properties  that  there  can  be  no  doubt  as  to  their  identity. 

From  a-hydrocbloride.  Pitre  subs,  from  ;8-hydrochloride. 
M.  p.    76—  78°.  M.  p.    89—  90°. 

B.  p.  189—191.  B.  p.  190—192. 

[a]D  + 38-57°.  [a]D  + 35-92°. 

Monochlorofenchene  behaves  as  a  saturated  compound,  being  un- 
acted on  by  potassium  permanganate  solution  in  the  cold,  and 
attacked  by  bromine  with  evolution  of  hydrogen  bromide.  It  is 
very  similar  in  appearance  to  the  chlorocamphene  obtained  from 
camphor  by  an  analogous  method,  but  differs  from  it  considerably  in 
boiling  point,  specific  rotatory  power,  and  chemical  properties. 

Chlorocamphene.  Chlorofenchene. 

B.  p.  202°.  190—192°. 

[a]D-29-3°.  [a]D  + 35-92°. 

Action  of  Sulphuric  Acid. — We  had  not  a  sufficient  quantity  of 
chlorofenchene  for  a  satisfactory  comparison  of  the  action  of  sul- 
phuric acid  on  it  with  that  on  chlorocamphene,  which  yields  camphenol 
(Marsh  and  Gardner,  Trans.,  1897,  71,  290).  As,  however,  camphenol 
may  be  obtained  both  from  chlorocamphene  and  from  a-  and  ft- 
chlorocamphene  hydrochlorides,  we  thought  that  it  would  be  equally 
satisfactory  to  try  the  action  of  sulpluiric  acid  on  theyS-chlorofenchene 
hydrochloride.  Thirty  grams  of  this  substance  were  therefore  added 
to  300  grams  of  sulphuric  acid  previously  diluted  with  5  per  cent,  of 
water,  and  the  mixture  gently  warmed  on  the  top  of  the  water  oven  ; 
the  action  was  brisk  and  much  hydrogen  chloride,  as  well  as  some 
sulphur  dioxide,  was  given  off,  with  frothing.  The  black  liquid  ^vas 
poured  into  an  excess  of  water,  and  distilled  in  steam,  when  about  3 
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grams  of  oil  passed  over,  and  a  tarry  mass  was  left  in  the  distilling 
flask.  The  oil  was  extracted  with  ether,  dried  and  distilled,  when  it 
came  over  within  a  range  of  60°,  boiling  from  180 — 240°.  The 
liquid  so  obtained  was  attacked  by  bromine  with  evolution  of  hydro- 
gen bromide,  but  did  not  react  with  phosphorus  pentachloride ; 
probably,  therefore,  it  contained  neither  camphenol  nor  any  substance 
analogous  to  it.  The  liquid  contained  some  chlorine,  which  was 
removable  by  metallic  sodium. 

As  we  were  unable  to  compare  the  action  of  sulphuric  acid  on 
chlorofenchene  itself  with  that  on  chlorocamphene,  we  tried  the  action 
of  phosphorus  pentachloride  on  a  small  quantity  of  each.  Three  to 
four  grams  of  chlorofenchene  were  intimately  mixed  with  a  large 
excess  of  the  pentachloride  by  rubbing  together  in  a  mortar  ;  the 
chlorofenchene  liquefied  on  contact  with  the  phosphorus  pentachloride, 
and  the  product  obtained  did  not  set  or  harden  on  standing.  After 
remaining  in  a  dxy  atmosphere  for  three  days,  it  was  poured  into 
water  and  allowed  to  stand  until  all  the  phosphorus  chloride  com- 
pounds had  been  decomposed.  The  oil  left  at  the  bottom  of  the  dish 
was  then  mixed  with  a  dilute  solution  of  caustic  soda,  and  distilled  in 
steam,  when  an  oil  passed  over  equal  in  weight  to  more  than  half  the 
chlorofenchene  taken.  The  clear  solution  left  in  the  distilling  flask 
was  acidified  with  hydrochloric  acid  and  extracted  with  ether ;  the 
ethereal  solution  was  evaporated  to  dryness,  and  the  yellow-coloured, 
solid  residue  dissolved  in  boiling  water,  in  which  it  was  only 
<Jifl5cultly  soluble.  On  evaporating  and  cooling,  crystals  separated 
similar  in  appearance  to  chlorofenchenephosphonic  acid ;  these 
were  recrystallised  from  water,  and  then  melted  at  196°.  They  con- 
sisted of  chlorofenchenephosphonic  acid,  and  were  decomposed  by 
bromine  water,  giving  an  oil  volatile  in  steam  and  phosphoric  acid  in 
solution.  The  action  of  phosphorus  pentachloride  on  chlorofenchene 
takes  place  then  very  slowly  and  gives  the  compound  C^qHj^CIPCI^, 
which  on  decomposition  with  water  yields  the  acid  CjqHj^^C1P0(0H)2. 

Chlorocamphene  under  similar  circumstances  behaved  quite  differ- 
ently to  chlorofenchene.  It  did  not  liquefy  on  mixing  with  the 
pentachloride,  but  remained  quite  solid.  After  standing  for  three 
days,  the  mixture  was  treated  exactly  as  described  above.  The  action 
was  apparently  slow,  for  half  the  chlorofenchene  was  recovered  on 
distilling  with  steam.  The  liquid  which  remained  in  the  distilling 
flask,  after  being  filtered,  was  acidified  and  extracted  with  ether. 
No  chlorofenchenephcsphonic  acid  was  obtained,  but  two  acids  which 
we  have  not  yet  investigated. 

Action  of  Bromine  on  Chlorofencheneiylios])lioniG  ^cic?.-^Bromine 
water  was  added  to  an  aqueous  solution  of  sodium  chlorofenchene- 
phosphonate    until    it   was  no   longer  decolorised,  the    turbid    liquid 
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obtained  treated  with  a  small  quantity  of  sodium  carbonate  solution 
to  remove  the  excess  of  free  bromine,  and  then  extracted  with  chloro- 
form. After  the  chloroform  had  been  evaporated  off,  the  extract 
was  distilled  under  diminished  pressure,  Avhen  the  whole  of  the 
product  passed  over  at  113 — 114°  under  11  mm.  pressure.  It  was  a 
colourless  oil  which  decomposed  on  distillation  at  the  ordinary  pres- 
sure, giving  off  bromine. 

The  liquid  had  a  specific  gravity  1*38039  at  16°,  and  specific  rotatory 
power  [a]D=  -8-42°. 

On  analysis,  the  following  results  were  obtained. 

0-2879  gave  05034  COo  and  0-1471  H^O.     C  =  47-68  ;  H  =  5-67. 
0-3613     „     0-48]  AgCi  +  AgBr. 

0-4810  AgCl  +  AgBr  gave  0-3138  Ag.     Br  =  32-1;  CI  =  14-3. 
CioH^/JlBr  requires  C  =  48-09  ;  H  =  5-61;  Br  =  32-00;  Cl  =  14-27. 

A  determination  of  the  quantity  of  sodium  phosphate  liberated  by 
the  action  of  bromine  was  made,  and  the  result  showed  that  the 
action  was  practically  quantitative.  This  substance,  which  we  may 
call  chlorobromofenchene,  although  decomposed  on  heating,  is  very 
stable  towards  reagents,  the  chlorine  and  bromine  atoms  being  very 
firmly  bound  in  the  molecule. 

Neither  zinc  dust  and  acetic  acid,  nor  aniline,  nor  sodium  in 
methyl  alcohol  solution,  are  capable  of  removing  either  of  the 
halogen  atoms,  and  the  product  obtained  after  treatment  with  these 
various  reagents  possessed  the  same  boiling  point,  and  had  the  same 
percentage  of  halogens  as  before. 

Chemical  Laeoratory, 

St.  George's  Hospital. 


LXXVII. — Researches  on  the  Tevpenes.     IV.     On  the 
Oxidation  of  Fenchone. 

By  John  Addyman  Gardner,  M.A.,  and  George  Bertram  Cockburn, 

B.A. 

Fenchone  appears  to  be  very  much  more  stable  towards  oxidising 
agents  than  its  isomeride  camphor,  but  when  action  takes  place  much 
more  complete  breaking  down  of  the  molecule  is  effected.  Using 
nitric  acid,  we  have  succeeded  in  isolating  from  the  product,  in  addition 
to  unchanged  fenchone,  the  following  substances  :  isocamphoronic, 
dimethyl tricarballylic,  dimethylmalonic,  isobutyric  and  acetic  acids, 
and  nitrofenchone. 

Fenchone  (50  grams)  was  mixed  with  concentrated  nitric  acid  (200 
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c.c.)  and  heated  in  long-necked  flasks  on  the  water  bath  for  6  days, 
more  acid  (100  c.c.  altogether)  being  added  from  time  to  time  as  the 
action  became  too  slow.  The  acid  liquid  thus  obtained  was  distilled 
with  steam,  and  the  layer  of  unattacked  fenchone  in  the  receiver, 
amounting  to  50  per  cent,  of  the  ketone  originally  taken,  was  sepa- 
rated from  the  aqueous  portion,  which  was  then  neutiali.sed  with 
sodium  carbonate.  This  solution  was  evaporated  to  a  small  bulk, 
acidified  with  oxalic  acid,  again  distilled  with  steam,  and  the  distillate 
neutralised  with  baryta  and  evaporated  to  dryness.  70"9  grams  of 
barium  salts  were  obtained  from  300  grams  of  fenchone  actually 
oxidised.  This  mixture  of  barium  salts  was  fractionally  acidified  with 
sulphuric  acid,  the  product  being  distilled  in  steam  after  each  addition 
of  acid  ;  the  distillates  thus  obtained  were  neutralised  with  sodium 
carbonate,  and  again  subjected  to  a  similar  treatment.  The  various 
fractions  were  now  neutralised,  precipitated  with  silver  nitrate,  and 
the  silver  salts  so  obtained  purified  by  recrystallisation  from  hot  water. 
On  analysis,  the  first  and  last  fractions  gave  the  following  nvimbers. 

First  fraction:  0-2461  gave  0-1356  Ag.     Ag  =  55-1. 

C^H-AgOg  requires  Ag  =  55-3  per  cent. 
Last  fraction:  0-2305  gave  0-1481  Ag.     Ag  =  64-2. 

CgHgAgO^  requires  Ag  =  64-59  per  cent. 

The  free  acid  from  the  first  fractions  was  characterised  as  isobutyric 
acid  by  its  solubility  in  water. 

The  portion  of  the  oxidation  product  not  volatile  with  steam  was 
evaporated  to  a  small  bulk  on  the  water  bath,  and  then  dissolved  in  a 
moderate  amount  of  concentrated  nitric  acid.  On  standing  for  a  few 
days,  a  considerable  quantity  of  crystalline  matter  separated,  which 
was  filtered  off.  A  further  crop  of  crystals  was  obtained  from  the 
filtrate  on  longer  standing.  This  solid  matter  was  washed  with 
chloroform  to  I'emove  adhering  oil,  and  repeatedly  fractionally  crystal- 
lised from  strong  nitric  acid.  By  this  means  two  substances  were 
obtained,  one  melting  between  145°  and  155°,  and  the  other  between 
185°  and  190°.  The  substance  of  higher  melting  point  was  now  crys- 
tallised from  water,  from  which  it  readily  separated,  and  after  several 
crystallisations  melted  sharply  at  190°.  It  was  dimethylmalonic  acid, 
and  on  analysis  gave  the  following  numbers. 

0-2159  gave  0-3595  CO2  and  0-1209  H,0.     0  =  45-41  ;  H  =  6-22. 
CgHgO^^  requires  C  =  45-45  •  H  =  6-06  per  cent. 

On  titrating  the  acid  with  ammonia  (1  c.c.  =0-00334  NHg),  0-4859 
required  37-52  c.c. 

Mol.  wt.  found  =  131-96.     CgHgO^  requires  132. 

On  heating  strongly,  the  acid  decomposed,  giving  isobutyric  acid. 
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The  substance  melting  at  145 — 155°  was  extremely  soluble  in  water, 
ether,  alcohol,  and  acetone,  and  often  separated  as  an  oil  from  these 
solvents.  It  was  purified  by  repeatedly  crystallising  from  strong 
nitric  acid,  and  finally  by  precipitating  the  ethereal  solution  with 
chloroform.  The  pure  substance  melted  at  152°,  and  proved  to  be 
dimethyltricarballylic  acid. 

On  analysis,  it  gave  the  following  numbers. 

0-2156  gave  0-3708  CO2  and  0-1163  H.A     C  =  46-9;     H  =  5-9. 
0-2149     „      0-3679  CO.^    „    01128  hJo.     C  =  46-69  ;  H  =  5-83. 
CgHj2^6  requires  0  =  47-06  ;  H  =  5*88  per  cent. 

On  treatment  with  acetyl  chloride,  this  acid  gave  an  anhydride, 
which,  after  crystallisation  from  alcohol,  melted  at  139 — 141°.  On 
combustion,  it  gave  the  following  figures. 

0-206  gave  0-3883  CO2  and  0-1097  H2O.     0  =  51-4;  H  =  5-8. 
CgHjoOs  requires  0  =  51-61  ;  H  =  5-38. 

The  triethylic  salt,  prepared  from  the  oily  mother  liquors  from  the 
crystalline  acids  by  a  method  described  later,  was  a  colourless  liquid 
boiling  at  172 — 174°  under  a  pressure  of  19  mm.  On  combustion,  it 
gave  the  following  results. 

0-2384  gave  0-5096  OO2  and  0-1802  H.O.     0  =  58-29  ;  H  =  8-4. 
C-^^K^^Oq  requires  0  =  58-33  ;  H  =  8-33  per  cent. 

The  lead  salt  was  prepared  as  an  insoluble  powder  by  precipitating 
a  solution  of  the  sodium  salt  with  lead  nitrate  ;  a  sample  prepared  from 
the  acid  regenerated  fi-om  the  ethylic  salt  was  analysed. 

1  -2687  gave  1  -1 270  PbSO^.     Pb  =  60-58. 

2(OgH90^)Pb3  requires  Pb  =  60-59  per  cent. 

The  copper  salt  was  also  insoluble,  and  was  obtained  as  a  bulky, 
gelatinous,  bluish-green  precipitate,  which,  when  dried,  became  a  dark 
green,  crystalline  powder. 

The  non-crystalline  portion  of  the  oxidation  product,  left  after  the 
removal  of  the  above-mentioned  acid,  was  dissolved  in  water  and 
neutralised  with  caustic  soda,  when  a  small  portion  remained  undis- 
solved. The  aqueous  solution  was  precipitated  by  means  of  an  excess 
of  lead  nitrate,  and  the  voluminous  precipitate  obtained  was  well 
washed  with  hot  water  and  filtered.  The  precipitate  and  filtrate  were 
separately  acidified  with  hydrochloric  acid,  evaporated  to  dryness  on 
the  water  bath,  and  extracted  with  ether  in  a  Soxhlet's  apparatus. 
After  evaporating  the  ether  from  these  extracts,  acid  oils  were  ob- 
tained, which  could  neither  be  crystallised  nor  distilled,  and  were, 
therefore,  converted  into  the  ethylic  salts  by  dissolving  them  in  abso- 
lute alcohol,  and  passing  in  gaseous  hydrogen  chloride.     The  alcoholic 
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solutions  of  the  ethereal  salts  thus  obtained  were  poured  on  a  mixture 
of  solid  carbonate  of  soda  and  ice,  when  the  salts  separated  as  heavy- 
oils,  and  were  extracted  with  ether  and  distilled  under  diminished 
pressure. 

In  the  case  of  the  ethereal  salts  derived  from  the  insoluble  lead 
salt,  fractions  were  obtained  boiling  at  80 — 110°,  150 — 170°,  and 
170 — 182°,  under  19  mm.  pressure.  The  lower  fraction  was  now 
fractionated  under  ordinary  pressure,  when  the  bulk  of  it  came  over 
at  193 — 196°.  This  was  ethylic  dimethylmalonate,  for,  on  saponifica- 
tion, it  gave  dimethylmalonic  acid,  m.  p.  188°. 

On  again  refractionating  the  two  higher  fractions  under  a  pressure 
of  19  mm.,  the  major  portion  distilled  at  170 — 172°.  A  combustion 
showed  that  this  was  the  ethylic  salt  of  dimethyltricarballylic  acid. 
On  saponification,  it  gave  the  acid  melting  at  151 — 153°. 

The  sodium  carbonate  solution  left  after  the  separation  of  the 
crude  ethereal  salts  was  acidified  with  hydrochloric  acid,  evaporated 
to  dryness,  and  extracted  with  ether  in  a  Soxhlet's  apparatus  ;  on 
evaporating  the  ethereal  extract,  a  semi-solid  mass  was  obtained,  which 
was  recrystallised  from  a  mixture  of  chloroform  and  ether.  The 
white,  crystalline  substance  thus  obtained  consisted  of  a  mixture  of 
two  acids ;  one  of  them,  which  proved  to  be  dimethyltricarballylic  acid, 
was  exceedingly  soluble  in  ether,  whilst  the  other  was  much  less 
soluble.  The  two  acids  were  therefore  separated  by  means  of  ether, 
and  the  less  soluble  one  after  i-ecry stall isation  from  acetic  ether  melted 
at  163 — 164°.  When  pure,  it  crystallised  from  either  ether  or  acetic 
ether  in  well-defined,  colourless,  tabular  plates,  but  was  insoluble  in 
benzene  and  chloroform. 

On  combustion,  it  gave  the  following  numbers. 

I.  0-2197  gave  0-3967  CO.,  and  0-1290  H,0.    C  =  4924  ;  H  =  652. 
II.  0-2209      „     0-4008  CO2    „    0-1306  H.O.    0  =  49-48 ;  H  =  657 
C^Hj^Og  requires  C  =  49  54  ;  H  =  6-42  per  cent. 

The  silver  salt,  obtained  by  precipitating  the  sodium  salt  with  silver 
nitrate,  was  insoluble  in  cold  water,  but  soluble  in  hot.  On  ignition, 
it  gave  the  following  results. 

0-1719  gave  0-1025  Ag.     Ag  =  59-62. 

C()H^iOgAg3  requires  Ag  =  60*03  per  cent. 

On  heating  to  boiling  with  acetyl  chloride  for  some  time,  the  acid 
remained  undissolved  and  unchanged;  on  heating,  however,  at  100°  in 
a  sealed  tube  it  dissolved,  and  apparently  some  hydrogen  chloride  was 
formed,  but  after  evaporating  the  liquid  to  get  rid  of  acetyl  chloride 
and  recrystallising  the  residue  from  acetic  ether,  the  melting  point  was 
found  to  be   160—162°,  so   that   apparently  little  action  had  taken 
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place.  This  acid  is  without  doubt  Tiemann's  isocamphoronic  acid, 
which  was  previously  named  hydroxycamphoronic  acid  by  Kachler 
{Annalen,  1878,  191,  143). 

The  ethylic  salts  prepared  from  the  oils  which  ^ave  a  soluble  lead 
salt,  were  small  in  quantity,  and  on  distillation  boiled  through  a  wide 
range  of  temperature.  On  saponification,  they  yielded  only  a  small 
amount  of  solid  matter,  which  we  were  unable  to  purify  in  quantity 
suflBcient  for  combustion. 

The  yields  of  these  acids  from  the  amount  of  fenchone  actually 
attacked  in  the  oxidation  process  were — dimethyltricarballylic  acid, 
30  per  cent. ;  dimethylmalonic  acid,  4  per  cent.,  and  isocamphoronic 
acid,  about  1 — 1 J  per  cent. 

The  oil  which  remained  undissolved  after  neutralising  the  non 
crystalline  portion  of  the  oxidation  product  with  caustic  soda  was 
extracted  with  ether,  dried,  and,  after  evaporating  off  the  ether, 
distilled  under  a  pressure  of  14  mm.,  when  it  passed  over  between 
135°  and  160°.  On  further  fractionation,  the  bulk  came  over  at 
140 — 150°;  this  was  again  separated  into  further  fractions  and  the 
largest,  146 — 151°,  was  analysed. 

I.  0-2075  gave  0-4651  CO.  and  01430  H2O.    C  =  61-15  ;  H  =  7-65. 
II.  0-2769     „      16-2  c.c.  nitrogen  at  19°  and  767  mm.     N  =  6-8. 
CioH^jO-NO,  requires  C  =  60-91  ;  11  =  7-61  ;  N  =  7-l. 

It  was  a  nitrofenchone,  and  on  reduction  with  stannous  chloride  gave 
a  base  the  hydrochloride  of  which  was  very  soluble  in  water  and 
alcohol,  but  insoluble  in  ether.  It  formed  a  yellow  double  salt  with 
platinum  chloride  soluble  in  water,  but  difficultly  so  in  alcohol.  The 
quantities  were  too  small  for  further  investigation. 

Theorelical. — The  close  analogy,  which  has  been  proved  by  Wallach 
to  exist  between  camphoroxime  and  fenchonoxime,  campholenic  acid, 
and  fencholenic  acid,  borneol  and  fenchyl  alcohol,  bornylamine  and 
fenchylamine,  &c.,  indicate  that  the  formula  for  fenchone  must  be  very 
similar  to  that  of  camphor.  This  is  also  borne  out  by  the  experiments 
on  the  halogen  derivatives  of  fenchene  (Trans.,  1898,  73,  704).  That 
this  relationship  cannot  be  expressed  by  a  mere  difference  in  the 
position  of  the  oxygen  atom,  as  in  Bredt's  original  formulae,  was 
shown  by  VVallach's  convei'sion  of  camphor  into  paracymene  and  of 
fenchone  into  metacymene.  The  results  we  have  obtained  by  the 
oxidation  of  fenchene  (the  production  of  camphopyric  acid  directly  from 
fenchone  without  the  intermediate  formation  of  camphoic  acid,  as  in 
the  case  of  camphene),  and  the  acids  from  fenchone  described  in  this 
paper,  seem  to  throw  some  light  on  this  relationship.  They  do  not  enable 
us  to  definitely  decide  on  a  formula  for  fenchone,  but,  given  the  correct 
formula  for  can)phor,  we  think  they  would  be  sufficient  to  decide  that 
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of  fenchone.  Wallach  {Annalen,  1895,  284,  341)  suggested  for  fenchouo 

CH3-CH— CH-CH, 
the  formula  '  Att  .  nTT_  rin-^^X^Hs)^'  based  maiuly  on  the  produc- 
tion of  dimethylmalonic  acid  by  oxidation  ;  this  formula  would  not, 
however,  account  for  the  formation  of  isocamphoi'onic  and  dimothyl- 
tricarballylic  acids.  The  formula  proposed  by  Tiemann  {Ber.,  1895,  28, 
1079 — 1093)  for  camphor  and  fenchone  would  not,  on  the  other  hand, 
account  for  the  production  of  camphopyric  acid  from  both  fenchene 
and  camphene. 

If  we  assume  the  truth  of  Bredt's  formulae  for  camphor  and 
camphene,  the  following  formula)  would  express  their  relationship  to 
fenchone,  kc. 
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Fencheue. 
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CHg-C-CHj 


CH, 


-CH— CCl 
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Chlorocamphene. 


Chlorofenchene. 


These  formulae  would  account  for  the  production  of  isocamphoronic, 
dimethyltricarballylic,  and  dimethylmalonic  acids  from  fenchone,  and  of 
camphopyric  acid  from  fenchene  without  the  intermediate  formation  of 
camphoic  acid.  Although  these  fenchone  formulae  express  the 
relationship  of  fenchone  to  camphor  sufficiently  well,  they  are  open  to 
the  same  objections  which  have  been  urged  against  Bredt's  camphor 
formula.  They  do  not  account  for  the  apparent  behaviour  of  camphene, 
chlorocamphene,  and  chlorofenchene  as  saturated  compounds,  or  the 
isomerism  of  the  a-  and  ^-chlorocamphene  and  chlorofenchene  hydro- 
chlorides, or  explain  why  camphoic  acid  is  never  obtained  by  the 
oxidation  of  camphoric  acid. 
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LXXVIII. — Rontgen  Ray  Photography  Ap]-)lied  to 

Alloys* 

By  Charles  Thomas  Heycock  and  Francis  Henry  Neville. 

"When  a  salt  solution  is  cooled  until  solid  matter  begins  to  form,  the 
process  of  solidification  may,  if  we  exclude  the  contingency  of  the 
formation  of  definite  crystalline  hydrates,  take  place  in  one  of  three 
ways.  Let  us  suppose  that  we  are  dealing  with  a  sokition  of  potassium 
permanganate,  where  the  strong  colouring  matter  of  the  salt  makes 
the  observation  of  the  phenomena  easy.  Then,  if  the  solidification 
follows  a  normal  course,  and  for  the  sake  of  simplicity  we  shall  suppose 
that  it  doGS  so,  we  may  observe  the  following  cases. 

a. — If  a  sufiiciently  dilute  solution  be  slowly  cooled,  then  at  some 
temperature  below  zero  colourless  crystals  of  ice  will  begin  to  form, 
the  whole  of  the  permanganate  remaining  in  solution  in  the  mother 
liquor.  As  this  residual  liquid  becomes  more  concentrated,  the  ice  will 
form  at  a  continually  lower  and  lower  temperature,  but  when,  by  the 
removal  of  the  solvent  as  ice,  a  certain  concentration  of  the  perman- 
ganate has  been  reached,  the  permanganate,  or  conceivably  a  definite 
hydrate  of  it,  will  begin  to  solidify  together  with  the  water,  and  no 
further  fall  in  temperature  will  be  observed  until  everything  has 
become  solid.  Thus  the  process  of  solidification  consists  of  two 
stages. 

h. — The  second  case  occurs  when  a  hot  concentrated  solution  of  per- 
manganate is^  cooled.  In  this  case,  the  first  crystals  that  form  will  be 
pure  pei'manganate,  or  conceivably  a  definite  hydrate,  and  only  after  a 
considerable  quantity  of  this  has  solidified  at  lower  and  lower  tem- 
peratures, will  ice  begin  to  form,  from  this  point  onwai-ds  the  solidifica- 
tion again  taking  place  at  a  constant  temperature  until  the'whole  is 
solid.  The  constant  temperature  during  the  second  stage  of  a  is  the 
same  as  that  of  the  second  stage  of  b,  the  concentration  being  also  the 
same  in  both  cases. 

c. — From  the  above,  it  is  obvious  that  a  solution  of  permanganate 
can  be  prepared  of  such  a  strength  that  its  solidification  will  take 
place  from  beginning  to  end  at  the  constant  temperature  which  marks 
the  second  stages  of  a  or  h,  the  ice  and  the  solid  salt  forming 
simultaneously.  We  may  say  that  such  a  solution  is  saturated  both 
with  ice  and  with  permanganate  when  at  its  freezing  point,  since,  if 
we  attempt  to  cool  it  further,  both  of  these  substances  separate  in  the 
same  proportion  as  that  in  which  they  are  present  in  the  liquid ;  solu- 

*  A  brief  preliininarj'  notice  of  this  paper  was  published  in  the  Proceedings  of 
the  Chemical  Society,  1897,  p.  105. 
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tions  of  the  latter  class  were  first  investigated  by  Guthrie  and 
termed  by  him  "eutectic  solutions,"  Guthrie  at  one  time  believed 
that  such  solutions  and  the  solid  matter  formed  from  them  were 
definite  chemical  compounds,  but  this  view  has  since  proved  to  be 
erroneous. 

These  three  types  of  solidification  can  also  be  studied  by  the  aid  of 
a  freezing  point  curve.  "When  such  a  curve  is  traced  by  experiment 
for  mixtures  in  every  proportion  of  two  substances,  the  freezing  point, 
or  halt  in  the  cooling  which  marks  the  separation  of  solid  mattei",  being 
taken  as  the  ordinate,  and  the  percentage  composition  being  taken  as 
the  abscissa,  we  find  the  following  to  be  the  simplest  case.  A  branch 
starts  from  the  melting  point  of  each  of  the  pure  substances,  the  two 
branches  meeting  in  an  angle  at  their  lowest  point ;  there  is  also  a 
horizontal  straight  line  passing  through  the  intersection  of  the  two 
branches.  The  points  on  one  branch  correspond  to  the  first  stage  of 
a,  those  on  the  other  to  the  first  stage  of  h,  whilst  the  angle  corresponds 
to  the  case  c,  and  the  horizontal  straight  line  through  it  corresponds 
to  the  second  stages  of  a  and  b. 

Several  observers  have  studied  the  solidification  of  alloys  by  plotting 
the  freezing  point  curves,  but,  on  account  of  the  opacity  of  all  alloys 
and  of  other  difiiculties,  it  has  hitherto  been  impossible  to  follow  and 
to  study  the  formation  of  crystals  as  in  the  above-mentioned  case  of 
permanganate.  The  remarkable  differences,  however,  in  transparency 
to  the  Rontgen  rays  shown  by  different  metals  led  us  to  hope  that 
after  slowly  cooling  a  liquid  alloy  of  two  metals,  one  of  high  and  the 
other  of  low  atomic  weight,  we  might  be  able  to  photograph  through 
the  solid  alloy  and  examine  the  crystalline  separations  that  had  taken 
place.  This  method  has  proved  so  far  of  somewhat  limited  appli- 
cability, but  in  several  cases  we  have  been  successful.  The  present  paper 
contains  results  obtained  with  the  following  pairs  of  metals  ;  gold  and 
sodium,  gold  and  aluminium,  copper  and  aluminium,  silver  and 
aluminium.  The  structure  of  solid  alloys  has  usually  been  studied 
with  the  aid  of  the  microscope  on  account  of  the  minute  character  of 
the  separations  which  occur,  but  as  skiagraphs  admit  of  but  little 
subsequent  magnification,  it  was  indispensable  for  our  purpose  that 
the  detail,  that  is  to  say  the  individual  crystals  in  the  alloy,  should  be 
large.  We  obtained  this  result  by  making  the  process  of  solidification 
a  very  gradual  one  ;  an  account  of  the  cooling  apparatus  will  be  found 
at  the  end  of  the  paper.  The  alloys  were  usually  allowed  to  cool  and 
solidify  in  cylindrical  crucibles,  the  solid  cylinders  thus  obtained  being 
nearly  an  inch  in  diameter  and  from  2  to  4  inches  long.  Vertical 
and  horizontal  sections  of  these  cylinders  were  cut,  and  when  possible 
turned  down  to  a  thickness  of  less  than  a  millimetre  and  polished. 
These  sections  were  laid  on  an  llford  plate  enclosed  in  a  light-tight 

3  c  2 
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envelope,  and  exposed  to  the   Rontgen  rays  for  periods  varying  from 
five  minutes  to  an  hour. 

The  figures  in  the  plate  accompanying  this  paper  (p.  722)  correspond 
to  positives,  and  therefore  the  lighter  details  indicate  the  most  trans- 
parent metal.  The  figures  are  the  natural  size  of  the  objects ;  they 
should  be  examined  by  means  of  a  pocket  lens. 

Gold-Sodium  Alloys. " 

In  the  Journal  of  the  Chemical  Society  for  1889  (p.  668),  we  traced 
the  changes  in  the  freezing  point  of  sodium  caused  by  the  addition  of 
gold ;  we  found  that  the  eutectic  alloy  contained  about  23  per  cent,  of 
gold  and  had  a  freezing  point  of  82°  C.  Since  these  metals  differ  so 
much  in  their  transparency  to  the  Rontgen  rays,  it  seemed  well  to 
commence  with  them. 

To  make  the  alloys,  weighed  quantities  of  sodium  were  melted  and 
weighed  quantities  of  gold  added.  The  alloy  Avas  then  heated,  either 
under  a  mineral  oil  or  in  a  sealed  vacuous  tube,  with  constant  agitation, 
to  a  temperature  sufficient  to  dissolve  all  the  gold.  Clean  portions  of 
the  alloy  were  then  sucked  up  with  a  pipette  and  transferred  to  a 
wide  test-tube  immei'sed  vertically  in  a  boiling  brine  bath,  sufficient 
precautions  being  taken  to  avoid  any  danger  of  oxidation  of  the  sodium, 
either  by  contact  with  the  air  or  with  moisture.  The  bath  was  kept 
constantly  stirred  by  a  current  of  air,  and  allowed  to  cool  very  slowly 
during  a  period  of  24  hours  or  more.  From  the  solid  cylinder  of  alloy 
thus  obtained,  horizontal  and  vertical  sections  were  cut,  these  sections 
being  usually  from  1  to  2  millimetres  in  thickness.  Each  section 
was  immediately  placed  between  sheets  of  very  thin  aluminium  foil 
and  the  edges  sealed  by  melted  paraffin.  Thus  each  section  was  in 
an  air-tight  cell  and  could  usually  be  preserved  for  some  weeks  without 
serious  oxidation. 

All  the  sodium-gold  alloys  were  photographed  by  means  of  a  Crookes' 
tube  excited  by  a  Rhumkorff  coil  giving  a  6-inch  spark,  the  exposure 
varying  from  5  to  30  minutes,  according  to  the  amount  of  gold 
present.  The  photographs  1  to  5  give  the  results  of  passing  the 
Rontgen  rays  through  sodium-gold. 

Number  1  was  a  photograph  from  an  alloy  containing  3  per  cent,  of 
gold.  It  will  be  seen  that  the  solid  alloy  is  very  far  from  being  homo- 
geneous, the  bulk  of  the  photograph  consisting  of  light-coloured  masses, 
strongly  suggesting  rectangular  crystallisation,  whilst  the  spaces 
between  are  filled  with  a  much  darker  substance.  Remembering  that 
the  photograph  is  a  positive,  we  .see  that  the  larger  ami  lighter  part 
corresponds  to  a  transparent  substance  which  must  therefore  be  mainly 
or  entii'ely  sodium,  whilst  the  small  quantity  of  dark  interstitial  mattey 
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must,  from  its  opacity,  contain  all  or  nearly  all  tho  gold.  As  the 
photograph  was  produced  by  a  shadow,  the  thickness  of  the  plate  of 
alloy  appears  to  have  somewhat  bluri-ed  tlie  outline  of  the  crystalline 
forms. 

We  here  appear  to  bo  dealing  with  a  process  of  solidification  very 
similar  to  that  of  case  a  above  referred  to,  a  large  amount  of  the 
solvent,  in  this  case  sodium,  solidifying  during  the  first  stage  of  the 
cooling  and  leaving  all  the  gold  in  a  concentrated  solution  between  the 
interstices  of  the  crystals.  During  the  second  stage  of  the  freezing, 
this  eutectic  alloy  itself  solidifies. 

Figures  2  and  3  represent  a  similar  phenomenon  in  the  case  of  an 
alloy  containing  10  per  cent,  of  gold.  The  alloys  were  prepared  in  the 
same  way  but  the  sections  cut  were  thinner,  a  fact  which  may  account 
for  the  greater  sharpness  in  the  photographs.  The  opaque  eutectic 
alloy  necessarily  occupies  a  larger  space,  but  the  contrast  between  the 
transparency  of  the  crystals  and  the  background  is  so  strong  that  we  are 
forced  to  the  conclusion  that  the  crystals  of  sodium  contain  but  little, 
if  any,  gold.  If  we  did  not  know  from  other  grounds  that  the  solvent 
sodium  begins  to  solidify  in  these  alloys  before  the  gold,  we  could  infer 
this  from  the  straightness  of  the  crystal  lines,  which  in  the  photo- 
graphs often  exceed  a  centimetre  in  length.  Both  the  transverse 
and  longitudinal^sections  of  this  alloy  show  a  system  of  interlacing  lines; 
we  are  disposed  to  think,  however,  that  these  indicate  the  existence  of 
plates  of  sodium  standing  at  right  angles  to  the  plane  of  the  section,  as 
this  is  the  only  structure  that  would  account  for  so  great  a  difference 
of  transparency.  If  this  view  is  correct,  the  alloy  must  possess  a  remark- 
able cellular  structure  somewhat  similar  to  that  which  has  been  thought 
to  exist  in  certain  kinds  of  steel.  We  may  mention  that,  when  after 
some  months  we  removed  the  sections  from  their  aluminium  cells,  it 
was  noticed  that  the  slight  oxidation  of  the  surface  had  produced  a 
pattern  resembling  that  of  the  photographs. 

Figure  4  is  a  photograph  through  an  alloy  containing  more  than 
23  per  cent,  of  gold.  It  was  made  by  adding  excess  of  gold  to  sodium 
at  a  temperature  above  150°,  and  then  slowly  cooling  as  before.  The 
photograph  shows  that  the  process  of  solidification  resembles  that  of 
case  h,  for  the  large  transparent  crystals  of  sodium  are  absent,  and  we 
have  instead  a  network  of  extremely  opaque  needles  which  consist  of 
almost  pure  gold.  These  lie  in  a  finely-grained  matrix  which  must  be 
the  eutectic  alloy  containing  nearly  all  the  sodium  and  a  portion  of  the 
gold. 

If  an  alloy  such  as  No.  4  is  thrown  into  alcohol,  the  sodium  is 
removed  and  the  gold  is  left  as  a  felted  mass  of  crystalline  needles. 
The  needles,  which  are  often  3  millimetres  or  more  in  length,  appear 
to  be  square  in  section.     They   are  so   entirely  different  in  character 
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from  the  original  gold  used  in  making  the  alloy,  that  there  can  be 
no  doubt  of  the  gold  having  been  completely  in  solution  in  the 
sodium.  The  gold  used  in  making  the  alloy  was  prepared  by  pre- 
cipitation with  sulphur  dioxide.  Its  crystals  are  very  minute,  but 
appear  to  be  cubes  or  octahedra,  needles  being  rarely  or  never 
present  in  it.  In  numerous  analyses  of  the  needles  after  removal  of 
the  excess  of  sodium  by  alcohol,  we  invariably  found  from  2  to  3  per 
cent,  of  sodium  ;  to  remove  this  sodium,  it  was  necessary  to  ignite 
the  crystals  at  a  red  heat  and  then  extract  for  some  time  with  water 
or  alcohol.  Thus  it  would  seem  that  the  substance  of  the  needles 
contains  a  small  amount  of  sodium. 

Fig.  5  gives  the  result  of  photographing  through  the  pure  eutectic 
alloy.  A  transverse  section  was  cut  through  the  upper  part  of  the 
same  cylinder  of  alloy  as  that  which  furnished  No.  4,  the  latter 
being  cut  from  the  middle  of  the  cylinder.  In  5  we  see  that  the 
large  black  needles  so  conspicuous  in  4  ai'e  almost  absent,  the  reason 
being  that  as  the  gold  began  to  crystallise  from  the  fluid  alloy  it 
gradually  sank  towards  the  bottom,  leaving  a  supernatant  liquid  of 
the  composition  of  the  eutectic  alloy.  In  further  confirmation  jof 
this,  we  found  that  a  section  cut  from  near  the  base  of  the  cylinder 
was  much  richer  in  the  gold  needles  than  even  section  4.  In  section 
5,  a  few  large  crystals  of  sodium  and  of  gold  can  still  be  seen,  but  the 
bulk  of  the  alloy  is  much  more  uniform  than  in  the  other  sections. 
(Several  attempts  were  made  to  prepare  the  eutectic  alloy  by 
weighing  out  gold  and  sodium  in  the  exact  eutectic  proportion  and 
heating  the  mixture  in  a  sealed  vacuous  tube,  but  in  most  cases  the 
photographs  showed  some  large  crystals  of  gold  and  sodium  on  a 
granular  ground  like  that  of  No.  5.  These  photographs  are  of  some 
interest,  as  the  large  crystals  in  what  should  be  an  eutectic  alloy 
perhaps  indicate  supersaturation  on  the  part  of  one  or  both 
metals,  followed  by  rapid  crystallisation.  To  save  expense,  how- 
ever, No.  5  is  the  only  case  of  an  eutectic  alloy  reproduced  in  the  paper. 

The  photographs  show  that  the  roughly  uniform  groundwork  is, 
even  in  an  eutectic  alloy,  not  really  homogeneous.  Most  probably,  the 
gold  and  sodium  separate  side  by  side  and  simultaneously  in  very 
small  crystals,  although  as  the  photographs  admit  of  but  little  mag- 
nification, it  is  impossible  to  make  out  the  separate  crystals  of  the 
eutectic  groundwork  in  such  a  section  as  No.  5.  Osmond  has,  how- 
ever, shown  by  a  microscopic  examination  with  a  high  power,  that 
the  eutectic  alloy  of  silver  and  copper  consists  of  white  and  red 
crystals  ;  thus  it  is  probable  that  eutectic  alloys  are  as  much  con- 
glomerates as  the  majority  of  other  alloys,  differing  from  them  by 
the  fineness  of  their  grain  and  the  greater  uniformity  of  their  com- 
position. 
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Gold- Aluminium  Alloys. 

Aluminium  is  nearly  as  transparent  as  sodium,  and  it  is  known 
that  gold  dissolves  freely  in  aluminium  ;  alloys  of  these  two  metals 
were  therefore  the  next  selected  for  examination.  The  discovery  by 
Professor  Roberts-Austen  of  the  chemical  compound  AuAl,  formed 
by  these  two  metals  when  melted  together,  and  the  great  stability  of 
this  compound  (Trans.,  189-1,  65,  p.  75)  give  an  especial  interest  to 
this  group  of  alloys.  The  alloys  were  made  in  a  small  Fletcher's 
blast  furnace  and  slowly  cooled  in  the  manner  described  in  the  in- 
troduction and  the  appendix. 

Two  alloys  containing  5  and  20  per  cent,  of  gold  respectively  were 
made  and  cooled  simultaneously. 

The  5  per  cent,  alloy  of  figure  6  shows  the  structure  of  an  un- 
saturated solution  of  gold  in  aluminium,  for  the  aluminium  has 
crystallised  first  in  transparent  lines  which  are  so  straight  that  they 
must  have  been  formed  at  an  early  stage  of  the  freezing.  The  dark 
basis,  as  before,  represents  the  finely  grained  eutectic  alloy.  From 
the  method  of  making  the  alloy,  we  are  convinced  that  it  was  quite 
homogeneous  when  fluid,  but  the  photographs  show  that,  as  the 
result  of  slow  cooling,  there  has  been  a  distinct  concentration  of  the 
gold  towards  the  central  portions  of  the  ingot,  which,  of  course,  re- 
mained hot  longest.  The  rectangular  character  of  the  aluminium 
crystallisation  is  even  more  marked  than  that  of  the  sodium  in  the 
alloys  containing  that  metal.  Sections  6  and  7  are  vertical  sections 
through  the  upper  and  lower  halves  respectively  of  the  cylinder  of 
alloy,  and  section  8  is  a  horizontal  one  through  the  middle  of  the 
cylinder.     Section  7  was  inverted. 

Fig.  9  is  the  photograph  of  a  horizontal  section  near  the  bottom 
of  an  alloy  containing  1 1  per  cent,  of  gold.  It  will  be  noticed  that 
whilst  the  bulk  of  the  photograph  is  a  mosaic  of  light  and  dark 
probably  corresponding  to  the  eutectic  alloy,  a  few  intensely  opaque 
crystals  are  visible  near  the  edge  of  the  section.  A  careful  examina- 
tion of  the  polished  surface  of  the  alloy  itself,  with  the  aid  of  a  lens, 
reveals  these  crystals  as  purple  markings.  They  are,  therefore, 
Roberts-Austen's  alloy,  AuAl^.  From  the  small  number  of  these 
crystals,  we  may  conclude  that  the  aluminium  was  not  much  more 
than  saturated  with  this  substance  when  the  eutectic  temperature 
was  reached.  Cryoscopic  experiments  have  shown  us  that  the  eu- 
tectic alloy  of  gold  and  aluminium  contains  about  7"1  percent,  of  gold, 
and  an  analysis  of  the  upper  middle  part  of  the  20  per  cent,  gold  alloy 
shows  that  this  part  contained  7'4  per  cent.  Au. 

Although  these  photographs  do  not  prove  the  point,  we  have  reason 
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to  think  that  none  of  the  gold  is  uncombined,  and  that  the  eutectic 
alloy  when  solid  is  a  finely  grained  mixture  of  crystals  of  aluminium 
and  of  AuAl.,.  The  outline  of  the  opaque  crystals  strongly  reminds 
one  of  those  of  potassium  iodide.  In  Figs.  10  and  11  we  have 
photographs  of  an  alloy  containing  20  per  cent,  of  gold.  Here,  on  ac- 
count of  the  slowness  of  the  cooling,  the  precipitated  compound  settles 
to  the  bottom  as  it  forms,  the  upper  part  of  the  cylinder  showing  the 
coarsely  mottled  eutectic  alloy,  which  is  evidently  far  from  being  homo- 
geneous, and  the  lower  part  affording  an  excellent  picture  of  the 
crystals  of  the  compound.  In  the  negative  of  Fig.  10,  some  of  the 
dark  crystals  appear  to  be  octahedral,  whilst  in  that  of  Fig.  11, 
which  is  a  horizontal  section  near  the  bottom  of  the  same  cylinder, 
many  appear  to  be  cubical.  A  naked-eye  examination  of  the  surface 
of  the  section  from  which  Fig.  10  is  taken  shows  the  brilliant  purple 
of  the  compound. 

We  think  that  a  careful  examination  of  the  upper  part  of  Fig.  10, 
shows  very  well  how  completely  heterogeneous  an  eutectic  alloy  may  be, 
and  that  the  fineness  or  coarseness  of  its  grain  is  a  mere  function  of 
the  rate  of  cooling. 

A  striking  contrast  to  these  cases  of  slow  cooling  is  presented  by 
Fig.  12,  which  is  the  photograph  of  the  same  20  per  cent,  gold  alloy, 
but  of  a  portion  which  has  been  quickly  cooled  by  pouring  on  to  a 
stone  slab.  It  will  be  seen  that  the  massive  crystals  are  absent  but 
that  the  whole  alloy  is  full  of  minute  black  rods  and  rectangular 
crosses.  These  photographs  illustrate  very  clearly  the  differences  in 
structure  that  may  exist  between  the  same  alloy  when  rapidly  or  when 
slowly  cooled,  and  it  is  obvious  that  the  mechanical  properties  would 
differ  in  a  corresponding  manner.  Fig.  12a  is  a  section  of  the  quickly 
cooled  5  per  cent,  gold  alloy ;  it  will  be  seen  to  have  a  very  uniform 
grain. 

Copper- A luvi'uiium  A lloys. 

Figs.  13  to  16  are  photographs  of  copper-aluminium  alloys  taken 
in  the  same  manner  as  the  preceding. 

An  alloy  containing  5  per  cent,  of  copper  is  shown  in  Fig.  13. 
Here  the  long  straight  lines  of  the  aluminium  crystals  resemble  those 
seen  in  the  gold-aluminium  alloy  number  6,  and  this  might  be  expected, 
as  they  were  formed  under  very  similar  conditions  in  the  two  cases, 
Tlie  darker  eutectic  alloy  is,  however,  more  uniformly  distributed  in 
the  copper  than  in  the  gold  alloy. 

In  Fig,  14,  we  have  a  horizontal  section  through  the  middle  of  a 
cylinder  containing  rather  more  than  14  per  cent,  of  copper  ;  several 
very  perfect  crosses  of  aluminium  will  be  seen  in  this  section,  with  a 
fei-n-like  crystallisation  .starting  from  their  arms.  The  dark  eutectic 
alloy  is  here  concentrated  in  one  part  of  the  section. 
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Figs.  15  and  16  are  from  au  alloy  coiitaining  25  per  cent,  of 
copper.  The  aluminium  cry.stals  are  smaller  and  have  a  more  fern- 
like appearance,  and  the  mother  substance,  of  course,  occupies  more 
space.  In  16,  which  is  a  vertical  section,  we  see,  in  addition,  a  few 
very  opaque  needles,  which  must  be  either  copper  or  a  compound  of 
copper  and  aluminium. 

The  50  per  cent,  copper  alloy  is  so  brittle  that  we  have  as  yet  failed 
in  obtaining  sections  thin  enough  to  be  transparent. 

Silver- A  luniin  ium  A  Hoys . 

We  have  examined  a  number  of  slowly-cooled  silver-aluminium 
alloys,  but  with  the  exception  of  the  alloy  AgAl^,  of  Figs.  17,  18, 
and  19,  we  have  not  obtained  as  yet  details  in  the  X-ray  photographs 
distinct  enough  for  reproduction.  Fig.  17  is  a  horizontal  section, 
and  18  and  19  are  vertical  sections. 

Slowly-cooled  silver-zinc  alloys,  although  the  polished  surfaces  show 
abundant  detail  when  examined  by  the  naked  eye  or  with  a  lens, 
show  no  detail  in  the  photographs.  The  same  is  true  of  zinc-gold 
alloys. 

We  have  obtained  very  fine  photographs  from  alloys  of  aluminium 
with  either  antimony,  nickel,  or  platinum.  We  hope  to  discuss  and 
repi'oduce  these  in  a  continuation  of  this  paper. 

Method  oj    Cooling. 

In  order  to  pi^oduce  the  very  slow  cooling  required  to  make  the 
alloys  give  the  maximum  separation,  it  was  necessary  to  devise  a 
special  arrangement  for  slowly  and  continuously  cutting  off  the  gas 
from  the  furnace.  The  apparatus  for  this  purpose  is  i*epresented  in 
the  accompanying  sketch,  p.  722  (not  drawn  to  scale)  ;  it  is  seen  to 
consist  essentially  of  four  parts. 

The  constant  level  water  dropper,  ^,  worked  very  steadily,  and  obvi- 
ated the  difficulty  caused  by  small  gas  bubbles  collecting  in  the  tap, 
and  so  stopping  the  flow  of  water.  By  measuring  the  water  which 
drops  into  a  graduated  cylinder  for  one  minute,  and  knowing  the 
capacity  of  the  cylinder  B,  we  can  ascertain  the  rate  at  which  the  gas 
will  be  cut  off.  The  zinc  cylinder  B  is  about  4  feet  high  and  10  inches 
in  diameter,  and  holds  some  55  litres  ;  it  is  provided  with  a  water 
gauge  and  emptying  tube  as  shown  in  the  diagram  ;  it  has  also  an 
overflow  at  the  top.  This  zinc  cylinder  is  connected  by  a  rubber  tube 
with  the  narrow  necked  bottle  C,  of  about  250  c.c.  capacity.  This 
bottle,  which  should  be  rather  wide  in  proportion  to  its  height,  has  a 
hole  drilled  in  its  bottom,  into  which  a  glass  tube  is  cemented.  The 
tap  6"  is  for  the  purpose  of  getting  rid  of  air  bubbles  which  are  liable 
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to  collect  in  G.  Joined  to  (7  by  a  thick-walled  rubber  tube  is  the  gas  cut- 
off D]  the  tube  Z)  is  1 5  cm.  long  and  2  "5  cm.  wide,  and  it  contains  an  inner 
tube  made  of  fifteen  layers  of  fine  silk  wound  round  the  outside  of  a 
cylinder  of  coarse  iron  wire  gauze  in  order  to  give  it  rigidity.  The  silk 
tube  is  open  at  its  lower  end,  and  is  fastened  at  its  upper  end  to  the  glass 
tube  D",  by  the  aid  of  cement.  With  a  gas  pressure  of  about  1  inch  of 
water,  the  silk  tube,  even  with  15  layers,  allows  more  gas  to  pass  than 
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gas  supply 
from  regulator 


^s  to 
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is  required  to  keep  a  Fletcher's  draught  furnace  (No.  363)  up  to  a 
temperature  of  the  melting  point  of  silver.  This  difficulty  was  got 
over  by  entirely  coating  the  silk  tube  with  a  very  viscous  shellac, 
except  for  a  line  about  2  mm.  wide  running  from  top  to  bottom  of  the 
silk.  It  will  be  seen  by  the  aid  of  the  diagram  that,  as  the  water 
drips  into  B,  the  pressure  on  the  surface  of  the  mercury  in  C  slowly 
and  steadily  increases,  thus  causing  the  mercury  to  flood  the  tube  D 
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both  inside  and  out,  and  hence  to  gradually  cut  off  the  escape  of  gas 
through  the  unvarnished  portion. 

Such  a  cut-off  is  useless  unless  the  gas  pressure  is  kept  constant. 
The  pressure  regulator  we  have  used  was  designed  by  Mr.  Horace 
Darwin,  and  supplied  by  the  Cambridge  Scientific  Instrument  Company. 
Careful  measurements  have  shown  that  this  regulator  controls  the  very 
great  variations  of  gas  pressure  we  have  in  Cambridge,  passing,  as  they 
do,  from  a  minimum  of  about  If  inches  to  a  maximum  of  about  3 
inches  ;  it  also  overcomes  the  changes  of  pressure  produced  by  con- 
ducting other  furnace  operations  simultaneously  in  the  laboratory. 
The  regulator  has  the  additional  advantage  that  it  can  be  loaded  with 
weights  so  as  to  deliver  gas  to  the  burner  at  any  desired  pressure  up 
to  the  minimum  of  the  town  supply.  In  order  to  obtain  the  greatest 
possible  steadiness  during  the  cooling,  we  place  a  large  clay  crucible 
in  the  furnace,  and  set  within  it  two  or  three  small  salamander 
cylinders  of  about  22  c.c.  capacity,  the  interstices  between  the 
cylinders  being  filled  in  with  sand.  The  furnace  is  heated  to  the 
highest  temperature  required,  and  the  water  dropper  and  cut-off  set 
working.  The  alloys  are  then  melted  and  thoroughly  stirred  in  a 
blast  furnace,  poured  into  the  salamander  cylinders,  and  allowed  to 
cool  down ;  this  process  of  cooling  usually  occupies  from  40  to  50 
hours.  When  dealing  with  alloys  which  melt  at  a  high  temperature 
we  can,  by  aid  of  a  bye-pass,  allow  sufficient  gas  to  pass  direct  to  the 
furnace  to  keep  it  at  the  lowest  temperature  required,  the  cut-off  thus 
becoming  more  efficient. 

Sidney  College, 

Cambridge. 


LXXIX. — Additive  Compoimds  of   Organic  Bases  and 
Ethereal  Salts  of  Unsaturated  Acids. 

By  S.  RuHEMANN,  Ph.D.,  M.A.,  and  K.  C.  Browning,  B.A. 

Whilst  engaged  in  the  further  study  of  the  compounds  obtained  by 
the  interaction  of  the  sodium  derivative  of  ethylic  oxalacetate  and 
ethylic  chlorofumarate  (Ruhemannand  Hemmy,  Trans.,  1897,  71,  334) 
with  the  view  of  determining  their  constitution,  we  made  certain 
observations  which  form  the  subject  of  this  communication  ;  especially 
in  relation  to  the  substance  forming  blue  salts  with  alkalis.  This 
had  been  provisionally  regarded  as  triethylic  anhydro-oxalaconitate, 
COOCoHs-C  C-COOC^Hg     ^^^   .^^  formation  was  attributed 

CO-C(OH):C-COOC2H5 
to  the  condensation   of    2    mols.    of  ethylic   oxalacetate,  the  ethylic 
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chlorofumarate  being  supposed  to  take  no  part  in  the  reaction. 
This  assumption  was  found  to  be  correct,  because  it  was  ascertained 
that  the  same  product  was  formed  on  digesting  ethylic  oxalacetate 
with  sodium  ethoxide,  the  yield,  however,  is  very  small  as  in  the 
former  case.  In  attempting  to  prepare  this  compound  by  the  con- 
densation of  ethylic  oxalacetate  with  ethylic  aconitate,  we  observed 
that  piperidine  unites  with  ethylic  aconitate,  forming  an  oil  of  basic 
chai'acter.  Similar  additive  products  are  also  obtained  by  using  other 
ethereal  salts  of  unsaturated  acids  ;  we  have,  up  to  the  present,  also 
prepared  corresponding  compounds  from  ethylic  fumarate  and  ethylic 
citraconate.  We  find,  moreover,  that  pipei-idine  not  only  combines 
with  the  ethereal  salts  of  acids  containing  an  ethylene  linking,  but 
also  with  those  which  have  a  triple  bond.  As  examples  of  the  latter, 
we  have  chosen  ethylic  phenylpropiolate,  and  have  made  the  interesting 
observation  that,  in  this  case,  the  union  with  piperidine  is  accompanied 
by  a  strong  evolution  of  heat.  These  additive  compounds  can  be 
distilled  under  diminished  pressure  without  undergoing  decomposition, 
they  are  not  affected  by  dilute  potash,  and  with  hydrogen  chloride 
form  salts  which  are  extremely  soluble  in  water. 

These  substances  differ  in  their  properties  from  the  compound 
which  is  formed  by  mixing  an  ice  cold  ethereal  solution  of  ethylic 
dicarboxyglutaconate  with  aniline  (Guthzeit,  Ber.,  1897,  30,  1757). 
Guthzeit  regards  this  compound  as  ethylic  anilidodicarboxyglutarate, 
whilst  it  might  have  been  expected  that  a  substance  with  such  acid 
properties  as  ethylic  dicarboxyglutaconate  would  yield  with  aniline  a 
salt  similar  to  those  which  it  forms  with  alkalis,  with  guanidine,  and 
with  diethylamino  (see  Ruhemann  and  Hemmy,  Ber.,  1897,  30,  2022). 


Ethylic  Piperidylsuccinate. 

Ethylic  fumarate  and  piperidine  interact  with  development  of  heat. 
A  mixture  of  the  ethereal  salt  and  the  base  in  equivalent  quantities 
is  digested  on  the  water  bath  for  8 — 10  hours,  and  the  oily  product 
subjected  to  fractional  distillation  under  reduced  pressure ;  the 
largest  fraction,  that  which  boils  at  162 — 164°,  on  redistillation, 
distils  at  159°  under  a  pressure  of  10  mm.  The  analysis  of  this  oil 
corresponds  with  tlie  formula  CjH^QN'CH'CGOCgHj 

CHg-COOCaHj' 

0-2406  gave  0-5354  COg  and  0-1963  HgO.     C  =  60-68  ;  H  =  9-06. 
0-2260     „     11  c.c.  nitrogen  at  20°  and  765  mm.     N  =  5-59. 
C13H23NO4  requires  C  =  60-70  ;  H  =  8-94  ;  N  -  5-49  per  cent. 

Ethylic  piperidylsuccinate,  freshly  distilled,  is  a  colourless  oil 
hiiving  a  density  d  18°/18°=  1*0469,  and  a  slight  odour  of  piperidine, 
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which  becomes  yellow  after  standing  for  a  day.  It  is  readily  soluble 
in  alcohol  and  ether,  but  insoluble  in  water.  On  passing  hydrogen 
chloride  into  the  solution  of  the  ethereal  salt  in  ether  dried  over 
sodium,  a  white  precipitate  of  the  hydrochloride  is  thrown  down  in 
colourless  prisms  ;  this  is  very  soluble  in  water  and  in  alcohol,  but 
insoluble  in  ether,  it  begins  to  soften  at  135°,  and  melts  at  140°  to  a 
clear  liquid,  which,  on  cooling,  solidifies  again  after  a  time.  The 
percentage  of  chlorine,  as  determined  by  precipitating  the  aqueous 
solution  of  the  substance  with  silver  niti'ate,  corresponds  with  the 
formula  Ci3H23NO^,HCl. 

0-3563  gave  0-1743  AgCl.     01  =  12-10. 

C^gH^gNO^.HCl  requires  CI  =  12-095  per  cent. 

Potash  added  to  the  aqueous  solution  of  the  hydrochloride  precipitates 
the  basic  ethereal  salt. 

Ethylic  Piperidylpyrotartrate. 

This  is  formed  in  the  same  manner  as  the  above,  by  digesting  a 
mixture  of  piperidine  with  ethylic  citraconate  on  the  water  bath,  and 
fractionating  the  product.  One  redistillation  of  the  fraction  of  higher 
boiling  point  suffices  to  obtain  a  pure  compound  boiling  at  163 — 164° 
under  a  pressure  of  10  mm.,  and  of  the  composition 

CH3-HC-COOC2H5 
C^HioN-HC-COOCgHg' 

0-2341  gave  0-5305  COg  and  0-1945  B.f>.     0  =  61-80;  H  =  9-23 
0-2917      „     13-5  c.c.  of  moist  nitrogen  at  21°  and  756  mm.  N  =  5-24. 
Oi^H^^NO^  requires  0=-- 61-99  ;  H  =  9-22;  N  =  5-17  per  cent. 

Ethylic  piperidylpyrotartrate  is  also  colourless  when  freshly  dis- 
tilled, but  becomes  yellow  after  some  time;  its  density  is  d  18°/18°  = 
1-0333. 

Hydrogen  chloride,  on  being  passed  into  a  solution  of  the  ethereal 
salt  in  dry  ether,  throws  down  a  white,  crystalline  solid  which  does  not 
melt  sharply  at  115°,  dissolves  in  water  with  the  gi'eatest  ease,  and  is 
insoluble  in  ether. 

0-4067,  dried  in  a  vacuum,  gave  0-1910  AgCl.     01  =  11-61. 
Cj^H25N04,H01  requires  01  =  11-54  per  cent. 

Ethylic  PiperidyltricarhaUylate. 

The  union  of  piperidine  with  ethylic  aconitate  takes  place  to  a  small 
extent  on  mixing  the  two,  and  is  accompanied  by  a  slight  evolution  of 
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heat  and  a  yellow  coloration  of  the  mixture.  A  satisfactory  yield  of 
the  additive  compound,  however,  is  obtained  by  heating  the  mixture 
on  the  water  bath  for  a  day ;  it  can  be  isolated  by  repeated  distillation 
in  a  vacuum,  and  boils  at  201 — 202°  under  a  pressure  of  10  mm. 

The  analysis  corresponds  with  the  formula  for  ethylic  piperidyltri- 
carballylate,  (COOOgHg-  CHg)^^^'  C5Hio)-COOC2H5. 

0-2479  gave  0-5435  COg  and  0-1880  H2O.     C  =  59-79  ;  H  - 8-45. 
0-2434     „     0-5394  CO,    „    0-1840  H^O.     C  =  59-32  ;  H  =  8-40. 
0-2416     „     0-5264  CO2    „    0-1849  HgO.     0  =  59-42;  H  =  8-45. 
0-2707     „     10  c.c.  nitrogen  at  22°  and  759  mm.     N  =  4-17. 
Ci-HggNOe  requires  C  =  59-47  ;  H  =  8-45  ;  N  =  4-08  per  cent. 

The  additive  compound  is  a  pale  yellow  oil  with  green  fluorescence, 
and  on  standing  for  some  days  becomes  red  ;  its  density  is  d  20°/20° 
=  1-084. 

Hydrogen  chloride,  on  being  passed  into  a  solution  of  the  ethereal 
salt  in  dry  ether  precipitates,  as  in  the  former  cases,  a  salt  in  colourless 
needles  which,  dried  in  a  vacuum  over  potash  and  sulphuric  acid, 
melts,  not  sharply,  at  110°. 

A  chlorine  determination  gave  the  following  result. 

0-3368  gave  0-1271  AgCl.     01  =  9-34. 

Oj7H29NOg,HCl  requires  01  =  9-35  per  cent. 

On  adding  potash  to  an  aqueous  solution  of  the  hydrochloride,  an  oil 
is  precipitated,  which,  on  examination,  was  found  to  be  unaltered  ethylic 
piperidyltricarballylate  ;  decomposition  of  the  additive  compound  into 
piperidine  and  aconitic  acid  takes  place,  however,  on  boiling  it  with 
concentrated  aqueous  potash. 


Ethylic  Pij)eridylcinnamate,  C6H5*CH!C(C5NHjo)*C0002H5. 

The  addition  of  piperidine  to  ethylic  phenylpropiolate,  as  already 
mentioned,  is  accompanied  by  gi'eat  evolution  of  heat,  and  the  dark- 
coloured  product,  on  fractionation  under  diminished  pressure,  yields  a 
viscous  yellow  oil  which  boils  at  220 — 221°  under  a  pressure  of 
11  mm.,  and  has  a  density  d  18°/18°  =  1-0730. 

0-2181  gave  05948  OO2  and  0-1625  HgO.     0  =  74-37  ;  H  =  8-27. 
CjgHa^NOa  requires  0  =  74-13  ;  H  =  8-11  per  cent. 

Ethylic  piperidylcinnamate,  like  the  other  additive  compounds, 
yields  a  hydrochloride  ;  this  separates  as  a  yellow  precipitate  on  passing 
hydrogen  chloride  into  the  ethereal  solution  of  the  oil,  but  on  filtra- 
tion becomes  pasty. 
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We  are  engaged  in  the  study  of  the  action  of  other  organic  bases 
on  the  ethereal  salts  of  unsaturated  acids,  and  hope  to  be  able  to 
publish  the  result  in  a  short  time. 

GONVILLE  AND   CaIUS   COLLEGE, 

Cambridge. 


LXXX. — Formation  of  Etliereal  Salts  of  ^-Ketonic  Acids 

By  S.  RuHEMANN,  Ph.D.,  M.A.,  and  K.  C.  Browning,  B.A. 

Since  Michael  (J.  pr.  Ghem.,  1887,  35,  349)  made  the  interesting 
observation  that  the  ethereal  salts  of  the  sodium  derivatives  of 
ethylic  acetoacetate  and  ethylic  malonate  have  the  property  of 
uniting  with  the  ethereal  salts  of  unsatui-ated  acids,  this  reaction 
has  been  applied,  especially  by  Auwers  {Ber.,  1891,  24,  307,  2887) 
to  ethylic  malonate,  but  it  has  scarcely  been  used  for  the  production 
of  ethereal  salts  of  yS-ketonic  acids.  In  the  course  of  our  researches 
on  this  class  of  compounds,  we  have  prepared  several  members  of  the 
group  in  this  way. 

The  experiments  were  carried  out  as  follows.  The  ethereal  salt 
of  the  /3-ketonic  acid  was  added  to  an  equivalent  quantity  of  dry 
sodium  ethoxide  suspended  in  ether  which  was  free  from  water  and 
alcohol,  and  the  solution  thus  obtained  mixed  with  the  corresponding 
weight  of  the  ethereal  salt  of  the  unsaturated  acid.  The  mixture, 
after  2  to  3  days,  was  acidified  with  dilute  sulphuric  acid,  the  ethereal 
layer  shaken  with  sodium  carbonate,  and  the  oil  remaining  after 
removal  of  the  ether  fractionated  under  diminished  pressure. 

Ethylic  a- A  cetotricarhallylate, 
CH3-CO-CH(c6oC2H5)-CH(COOC2H5)-CH2-COOC2H5. 

On  adding  ethylic  fumarate  to  ethylic  sodioacetoacetate,  heat  is 
evolved ;  the  ethereal  solution,  after  being  allowed  to  stand  over- 
night, is  treated  in  the  manner  mentioned  above.  The  oily  residue 
left  on  evaporating  the  ether,  when  fractionated  under  diminished 
pressure,  yields  75  per  cent,  of  the  theoi-etical  quantity  of  ethylic 
a-acetotricar  bally  late,  boiling  at  187 — 188°  under  a  pressure  of  11  mm. 

0-2538  gave  0-5154  CO2  and  0-1614  H2O.    C  =  55-38;  H  =  7-06. 
CUH20O7  requires  0  =  55-26  ;  H  =  7-23  per  cent. 

This  ethereal  salt  had  already  been  obtained  by  Emery  [Ber.,  1890, 
23,  3757)  by  the  interaction  of  ethylic  sodioacetoacetate  and  ethylic 
monochlorosuccinate,  and  the  boiling  point  found  was  175°  under  a 
pressure  of  9  mm. 
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Ferric  chloi'ide  gives  a  red  violet  coloration  with  an  alcoholic 
solution  of  the  ethereal  salt.  Concentrated  aqueous  ammonia  dis- 
solves ethylic  a-acetotricarballylate  if  left  in  contact  with  it  for  a 
short  time,  and  the  solution  after  3  to  4  days  deposits  crystals,  whilst 
the  ammoniacal  liquor  turns  red  ;  these  crystals  dissolve  in  boiling 
water,  and,  on  cooling,  are  deposited  in  colourless  prisms,  which 
become  darkened,  and  melt  at  248°  with  evolution  of  gas.  Its 
aqueous  solution  gives  a  violet  coloration  with  ferric  chloride,  this 
indicating  that  the  substance  still  contains  the  grouping  of  aceto- 
acetic  acid.  This  conclusion  is,  moreover,  supported  by  the  following 
analytical  data,  which  correspond  with  the  formula 

CHg-  CO-CH(CO  •NH2)-CH(CO-NH2)-CH,-CO  -NHa 
for  the  amide  of  acetotricarballylic  acid. 

0-2301  gave  0-3771  CO,  and  0-1280  H.p.     C  =  44-69;  H  =  6-18.' 
0-1428     „     25  C.C.  nitrogen  at  25''  and"  760  mm.  ;  N  =  19-53. 
CsHjgN^O^  requires  C  =  44-65.     H  =  6-05  ;  N  =  19-53  per  cent. 

The  yield  of  the  amide  is  very  small ;  the  greater  part  of  the 
ethei-eal  salt  being  decomposed  by  the  ammonia  and  transformed  into 
a  dark  tarry  substance,  which  is  left  on  evaporating  the  ammoniacal 
mother  liquor. 

Ethylic  A cetoethi/ltricarballi/late, 
CH^-  CO-C(C2H5)-COOC2H5 

CH(COOC2H5)-CH2-COOC2H5. 

Like  ethylic  sodioacetoacetate,  the  sodium  derivatives  of  the  mono- 
substitution  products  of  the  ethereal  salt  combine  with  ethereal  talts 
of  unsaturated  acids.  We  have  chosen  ethylic  acetoacetate  and, 
proceeding  as  before,  have  found  that,  in  the  presence  of  sodium 
ethoxide,  it  combines  with  ethylic  fumarate.  After  repeated  frac- 
tional distillation,  the  product,  ethylic  acetoethyltricarballylate,  is 
obtained  as  a  colourless  oil  which  boils  at  194 — 196°  under  a  pressure 
of  9  mm.,  and  has  a  density  c^  19°/1 9°=  1-0996. 

0-2244  gave  0-4780  CO2  and  0-1598  H.O.     C  =  58-10;  H  =  7-91. 
CigHj^O.  requires  C  =  58-18;  H.  =  7-88  per  cent. 

Ethylic  a-Benzoyltricarballylate, 
CgHj-  CO-CH(C0002H5)-CH(COOC2H5)-CH2-  COOCgHj. 

The  reaction  between  ethylic  fumarate  and  the  sodium  derivative 
of  ethylic  benzoylacetate  is  complete  after  2  days  ;  the  ethereal  solu- 
tion of  the  product  is  treated  first  with  dilute  sulphuric  acid  and  then 
with  sodium  carbonate,  and  on  removal  of  the  ether  leaves  a  viscous, 
yellow  oil  which  exhibits  a  green  fluorescence,  and  distils  at  244 — 245° 
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under  a  pressure  of  10  mm.     On  analysis,  the  following  numbers  were 
obtained. 

0-2331  gave  05370  CO^  and  01345  H2O.     0  =  62-82;  H  =  6-41. 
Oj^Hg^Oy  requires  0  =  62-63  ;  H  =  659  per  cent. 

The  same  compound  had  previously  been  prepared  by  Emery  {J.  pr. 
Ghem.,  1896,  53,  312)  by  the  action  of  ethylic  chlorosuccinate  on 
ethylic  sodiobenzoylacetate,  and  he  found  the  boiling  point  to  be 
250°  under  a  pressure  of  16  mm. 

Ethylic  a- A cetohutanetetracarboxylate, 
CH3-00-OH(OOOC2H5)-CH(0000.,H5)-CH(C0002H5)-OH2-OOOC2H5. 

Ethylic  aconitate  combines  with  the  sodium  derivative  of  ethylic 
acetoacetate  with  the  same  readiness  as  ethylic  fumarate  ;  this  is 
effected  by  adding  to  a  solution  of  ethylic  acetoacetate  in  dry  ether 
the  equivalent  quantity  of  sodium  ethoxide,  dried  in  a  vacuum  at 
180°,  and  then,  as  soon  as  the  latter  has  dissolved,  the  calculated 
amount  of  ethylic  aconitate.  The  mixture  is  left  for  3  days,  and  the 
red  ethereal  solution  thus  obtained  subjected  to  the  treatment  already 
described.  The  oily  residue  left  on  distilling  off  the  ether,  on  being 
fractionated,   boils  at  222 — 223°  under  a  pressure  of  10  mm. 

0-2242  gave  0-4577  OO.^  and  0-1436  H^O.     0  =  55-67  ;  H  =  7-ll. 
CjgHggOg  requires  0  =  55-67  ;  H  =  7'21  per  cent. 

Ethylic  a-acetobutanetetracarboxylate  is  a  pale  yellow  oil  with  a 
green  fluorescence,  and  has  a  density  d  26°/26°=  1-1462. 

Concentrated  aqueous  ammonia  dissolves  the  ethereal  salt  in  the 
course  of  some  hours,  the  solution  becoming  red,  and  after  3 — 4  days 
it  deposits  a  solid  which  is  obtained  in  colourless  plates  on  cz-ys- 
tallisation  from  boiling  water ;  it  decomposes  at  about  268°  without 
melting.  The  yield  of  this  substance  was  so  small  that,  although 
5  grams  of  the  ethereal  salt  had  been  used,  it  did  not  sufiice  for 
establishing  its  composition  by  an  analysis.  There  can,  however, 
be  no  doubt  that  it  is  the  amide  of  acetobutanetetracarboxylic  acid. 
The  ammoniacal  filtrate  from  the  solid  is  strongly  fluorescent,  and  on 
evaporation  leaves  a  dark,  tarry  residue. 

A  cetonyltricarhallylic  A  del . 

The  hydrolysis  of  acetobutanetetracarboxylate  is  best  effected  by 
boiling  with  hydrochloric  acid  (diluted  with  an  equal  volume  of  water) 
in  a  reflux  apparatus.  After  3  hours  heating,  the  oil  disappears,  and 
on  evaporating  the  solution  on  the  water  bath,  an  oily  residue  is  left 
which  slowly  solidifies  to  a  hard,  amorphous   mass.      This   becomes 
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liquid  at  100°  and  sets  again  to  a  solid  after  some  days;  it  is  only 
slightly  soluble  in  ether,  but  readily  in  water  and  in  alcohol,  and 
separates  as  an  oil  which  slowly  solidifies,  but  not  until  the  solvent  has 
evaporated.  Analysis  of  the  product  dried  at  100°  indicates  that  it  is 
a-acetonyltricarballylic  acid, 

CH,-  C0-CH2-  CH(C00H)'CH(C00H)'CH2'  COOH. 

0-2357  gave  0-4010  COg  and  0-1130  H^O.     C  =  46-40;  H-5-32. 
CgHigOij  requires  0  =  46-55  ;  H  =  5-17  per  cent. 

The  composition  of  the  acid  is,  moreover,  supported  by  the  analysis 
of  the  silver  salt ;  on  adding  silver  nitrate  to  an  aqueous  solution  of 
the  acid  neutralised  with  ammonia,  this  salt  is  thrown  down  as  a 
white  precipitate  which  is  somewhat  soluble  in  cold  water. 

0-2770,  dried  at  100^  gave  0-1628  Ag.     Ag  =  58-77. 
CgHjjAgOy  requires  Ag  =  58-59  per  cent. 

The  readiness  with  which  the  sodium  derivatives  of  ethereal  salts  of 
/S-ketonic  acids  unite  with  the  ethereal  salts  of  unsaturated  acids 
induced  us  to  examine  whether  /3-diketones  in  the  presence  of  sodium 
ethoxide  would  behave  in  a  similar  way.  For  this  purpose,  we  chose 
benzoylacetone  and  ethylic  fumarate,  in  the  hope  that  a  reaction  would 
take  place  in  accordance  with  the  equation 

CeHg-  CO-CHg'COCHg  +  COOCaHg-  CHI  CO-COOCaHs  = 
CeHj-CO-CH-CO-CHg 
CH-COOCaHg 
CHg-COOCaHg 

On  making  the  experiment  in  the  same  manner  as  described  in  the 
former  cases,  it  was  found,  however,  that,  after  allowing  the  mixture, 
in  presence  of  sodium  ethoxide  and  diluted  with  dry  ether,  to  remain 
for  5  days,  the  larger  portion  of  the  diketone  and  ethereal  salt  re- 
mained unaltered,  and  that  only  a  small  quantity  of  an  oil  of  high 
boiling  point  was  formed,  which,  moreover,  contained  a  higher  per- 
centage of  carbon  than  the  required  compound. 

The  corresponding  ethereal  salt  of  the  unsaturated  diketonic  acid, 
on  the  other  hand,  is  readily  formed  by  the  interaction  of  sodium- 
benzoylacetone  on  ethylic  chlorofumarate. 

CgHj-CO-CH-CO-CHg 

Ethylic  acetobenzoylmesaconate,  C'COOCgHj     . — This  is 

CH-COOCgHj 

formed  by  adding  20  grams  of  benzoylacetone  to  a  solution  of  2-85 
grams  of  sodium  in  100  c.c.  of  absolute  alcohol,  and  then  25*5  grams 
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of  ethylic  chlorof umarate.  After  2  hours  digestion  on  the  water  bath, 
the  mixture  ceases  to  be  alkaline  to  litmus  ;  the  product  is  then  poured 
into  water,  and  the  oil  which  separates  extracted  with  ether.  On 
evaporating  the  ether,  an  oil  is  left  which  distils  at  233 — 235°  under 
a  pressure  of  10  mm. ;  it  is  very  viscous,  of  a  yellow  colour,  and  gives 
in  alcoholic  solution  a  wine-red  coloration  with  ferric  chloride. 

0-3058  gave  07320  CO^  and  0-1645  H.p.     C  =  65-26  ;  H  =  5-97. 
C^gHgoOg  requires  C  =  65-06  ;  H  =  6-02  per  cent. 

We  propose  to  continue  this  investigation,  and  to  examine  whether 
the  union  of  ethereal  salts  of  /?-ketonic  acids  with  those  of  unsatux'ated 
acids  takes  place  under  conditions  similar  to  those  of  ethylic  malonate 
and  its  homologues. 

GONVILLE  AND   CaIUS   COLLEGE, 

Cambridge. 


LXXXI. — Disulphonic  Acids  of  Toluene,  of  Ortho-  and 
Para-toluidine,  and  of  Ortho-  and  Para-chloro- 
toluene. 

By  William  Palmer  Wynne,  D.Sc,  F.R.S.,  and  James  Bruce,  B.Sc, 

Assoc.  KS.M. 

In  a  previous  paper  by  one  of  us  (Trans.,  1892,  61,  1078),  an 
account  was  given  of  expeinments  undertaken  with  the  object  of 
determining  the  proportions  in  which  parachloi'otoluene-2-  and 
-3-sulphonic  acids  (Me  =1)  occur  in  the  product  obtained  in 
sulphonating  parachlorotoluene  with  three  times  its  weight  of  pure 
(100  per  cent.)  sulphuric  acid  at  the  temperature  of  a  water  bath. 
The  process  used  was  that  of  fractional  crystallisation  of  the  mixed 
barium  salts  obtained  from  the  product,  but  the  results  were  incon- 
clusive and  unsatisfactory.  The  1:4:  2-isomeride  was  recognised  as 
being  present  in  the  less  soluble  fractions  by  converting  them  into 
the  chlorides,  from  which  a  crystalline  separation,  representing  about 
one-sixth  of  the  whole,  was  obtained  ;  this  melted  at  18°  and  gave  an 
amide  melting  at  139 — 140°,  which  seemed  to  be  identical  with  the 
1:4:  2-amide  previously  described  by  Heffter  {Annalen,  1883,  221, 
209).  The  greater  part  of  the  chloride  was  an  uncrystallisable  oil, 
and  as  an  oily  chloride  was  also  obtained  from  the  more  soluble  por- 
tions of  the  barium  salt,  with  a  corresponding  amide  melting  at  about 
120°,  the  conclusion  was  drawn  that  "the  1  :  2  : 4-salt  is  present 
in  the  smaller  quantity;  in  other  words,  that  the  chief  product  of 
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the   action  of   sulphuric  acid   on   parachlorotoluene   is   the  1  : 3  :  4- 
parachlorotoluenesulphonic  acid." 

This  conclusion  was  not  in  harmony  with  that  arrived  at  from  a 
consideration  of  the  results  obtained  by  Hiibner  and  Post  {Annalen, 
1873,  169,  6j  compare  Jennsen,  ^6^U,  1874,172,  238;  Pechmann, 
ihid.,  1874,  173,  208;  Miller,  Trans.,  1892,  61,  1026),  and  by 
Korcatzki  {Annalen,  1883,  221,  191)  on  sulphonating  parabromo- 
toluene,  as  in  this  case  the  1:4:  2-isomeride  must  be  the  chief  pro- 
duct. In  consequence  of  this  discrepancy,  and  because  little  was 
known  of  the  derivatives  of  parachlorotoluene-3-sulphonic  acid,  it  was 
stated  that  "  the  examination  of  the  parachlorotoluenesulphonic  acids 
is  being  continued  with  the  object  of  isolating  the  two  isomeric  forms 
in  a  state  of  purity  ;  parachlorotoluenesulphonic  acids  are  also  being 
prepared  from  the  isomeric  paratoluidinesul phonic  acids  for  the  pur- 
poses of  comparison."  A  preliminary  communication  on  this  subject 
was  made  about  three  years  ago  (Proc,  1895,  11, 152),  and  the  present 
paper  contains  the  results  of  the  investigation,  so  far  as  we  have  been 
able  to  pursue  it  conjointly. 

At  the  outset  it  is  necessary  to  state  that  further  investigation  has 
shown  that  the  statements  contained  in  the  second  paragraph  and  in 
the  last  paragraph  but  one  in  the  note  in  the  Proceedings  are 
erroneous.  The  "  paratoluidinedisulphonic  acids  obtained  by  Richter 
from  the  1:3:4-  and  the  1:2:  4-paratoluidinemonosulphonic  acids  " 
are  now  shown  to  be  not  the  "1:3:4:6-  and  1:2:4:  6-derivatives," 
but  the  1  :  3  :  4  :  5-  and  1:2:4:  5-derivatives  respectively.  Also  "  the 
former,"  that  is,  the  supposed  1  :  3  :  4  :  6-disulphonic  acid,  "  by  elimina- 
tion of  the  NH.,-radicle,  gives  a  toluenedisulphonic  acid  identical  "  not 
with  that  "  obtained  from  the  1:2: 5-orthotoluidinesulphonic  acid 
by  the  xanthate  method,"  but  with  the  1:3:  5-derivative  {loc.  cit., 
153).  Further  the  "1:2:  6-toluenedisulphonic  acid  "  obtained  from 
the  supposed  "1:2:4:  6-paratoluidinedisulphonic  acid  by  eliminating 
the  NH^-radicle "  is  the  1:2: 5-derivative,  identical  with  that  pre- 
pared from  1:2: 5-orthotoluidinesulphonic  acid  by  the  xanthate 
method  {loc.  cit.,  154). 

These  errors,  regrettable  as  they  are,  may  perhaps  serve  to  indicate 
the  difficulty  experienced  in  working  with  toluene-  and  chlorotoluene- 
disulphonic  acids.  In  the  case  of  naphthalene  derivatives,  the  chlorides 
often  have  been  found  to  be  invaluable  for  the  purpose  of  separating 
isomerides  readily  from  one  another  (compare  Armstrong  and  Wynne, 
Proc,  1888,  4,  106  ;  1890,  6,  82).  With  toluene  derivatives,  however, 
it  is  different,  as  may  be  seen  rom  the  account  of  experiments  made 
with  the  object  of  separating  one  of  the  isomerides  from  mixtures  of 
the  parachlorotoluene-2-  and  -3-sulphonic  chlorides  containing  known 
proportions  of  the  two  ;  success  in  the  preparation  of  definite  chlorides 
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depends  largely  on  the  purity  of  the  salts  employed,  or,  in  other  words, 
on  the  efficiency  of  fractional  crystallisation  as  a  means  of  separating 
the  constituents  from  a  mixture  of  isomeric  salts.  Even  when  using 
pure  salts,  the  crude  chloride  frequently  was  found  to  contain  some  oily, 
uncrystallisable  substance,  and  in  the  case  of  impure  salts  the  propor- 
tion of  this  oil  occasionally  became  considerable,  in  consequence,  no 
doubt,  of  the  formation  of  a  mixture  of  chlorides  having  a  fusing  point 
lower  than  that  of  any  of  its  constituents.  The  sulphonic  chlorides,  as 
previously  stated  (Trans.,  1892,  61,  1074),  are  not  converted  simply  into 
the  corresponding  halogen  derivatives  of  toluene  by  distillation  with 
phosphorus  pentachloride,  and  in  doubtful  cases  it  was  found  that  the 
anilides,  which  usually  crystallise  well,  were  best  adapted  for  the  pur- 
pose of  characterising  them. 

A  re-examination  of  the  barium  salt  of  the  product  obtained  by 
sulphonating  parachlorotoluene  failed  to  give  definite  results,  just  as 
on  the  previous  occasion,  and  although  some  1:4:  2-salt  was  separated 
from  the  least  soluble  fractions,  no  satisfactory  evidence  was  forth- 
coming of  the  presence  of  the  1:4:  3-salt  in  the  most  soluble  portion. 
It  became  evident,  therefore,  that  some  other  method  for  solving  the 
problem  had  to  be  devised,  and,  in  consequence,  the  disulphonic  acids 
formed  respectively  from  pure  potassium  1:4:2-  and  1:4:  3-para- 
chlorotoluenesulphonates  were  examined  in  order  to  ascertain  whether 
further  sulphonation  would  afford  the  desired  means  of  obtaining 
information  with  respect  to  the  proportions  in  which  the  isomerides 
exist  in  the  mixture.  Investigation  showed  (1)  that  each  salt  gave 
two  isomeric  disulphonic  acids,  of  which  one  was  formed  from  both 
salts,  (2)  that  the  mixed  potassium  disulphonates  could  be  separated 
and  their  relative  proportions  estimated  by  fractional  crystallisation, 
(3)  that  intramolecular  change  did  not  occur  in  the  production  of  the 
disulphonic  acids,  and  (4)  that  the  mixture  of  potassium  monosulpho- 
nates  obtained  from  parachlorotoluene  gave  the  three  disulphonic 
acids  in  such  proportions  that  it  must  have  contained  at  least  86  per 
cent,  of  the  1:4:  2-isomeride.  This  conclusion  is  the  converse  of  that 
thought  probable  from  the  earlier  experiments,  and  makes  it  evident 
that  parachlorotoluene  resembles  parabromotoluene  in  yielding  the 
1:4:  2-derivative  as  the  chief  product  on  sulphonation. 

A  knowledge  of  the  constitution  of  these  chlorotoluenedisulphonic 
acids  was  necessary  both  in  elucidating  the  problem  and  in  determin- 
ing whether  intramolecular  change  occurred  during  further  sulphona- 
tion. The  paratoluidinedisulphonic  acids  prepared  and  described  by 
Richter  {Annalen,  1885,  230,  314,  331)  were  utilised  for  this  purpose, 
and  the  opportunity  was  taken  to  revise  and  extend  the  information 
given  in  his  paper.  Simultaneously,  the  disulphonic  acid  prepared 
from  orthotoluidine-5 -sulphonic  acid  by  Nevile  and   Winther  (Trans., 
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1882,  41,  421)  and  further  examined  by  Hasse  {Annalen,  1885,  230, 
286),  and  that  obtained  from  the  isomeric  orthotoluidine-4-sul- 
phonic  acid  were  investigated  in  connection  with  the  examination 
of  the  disulphonic  acids  formed  on  sulphonating  the  corresponding 
orthochlorotoluenesulphonic  acids.  By  eliminating  the  NHg-radicle 
from  the  toluidinedisulphonic  acids,  toluenedisulphonic  acids  were 
obtained,  and  as  these  were  of  considerable  importance  in  determining 
the  constitution  of  the  toluidine  derivatives,  three  were  prepared  for 
purposes  of  comparison  from  the  toluidinemonosulphonic  acids  by  con- 
version into  the  mercaptans  (or  disulphides)  and  subsequent  oxidation 
with  potassium  permanganate.  The  toluene-2  :  5-  and  -3  :  4-disulplionic 
acids  were  obtained  by  Klason  in  this  way,  using  potassium  sulphide 
{Ber.,  1887,  20,  350)  ;  we  employed  potassium  xanthate  for  the  pur- 
pose (Leuckart,  /.  p\  Chem.,  1890,  [ii],  41,  179),  but  were  unable  to 
obtain  a  better  yield  than  20  per  cent,  of  the  theoretical  amount  under 
the  most  favourable  conditions. 

Among  the  results  obtained  in  the  course  of  the  examination  of 
the  toluidinedisulphonic  acids,  reference  may  be  made  to  the  fol- 
lowing. A  revision  of  Hasse's  work  on  Nevile  and  Winther's  ortho- 
toluidine-3  :  5-disulphomc  acid  made  it  clear  that  he  was  in  error  in 
his  description  both  of  the  derived  bromotoluenedisulphonic  acid  and 
of  the  toluene-3  :  5-disulphonic  acid.  The  correction  in  the  latter 
case  is  of  importance,  because  Richter,  working  in  the  same  labora- 
tory, was  led  to  conclude  from  these  erroneous  results  that  the 
paratoluidinedisulphonic  acid  obtained  from  paratoluidine-3-sulphonic 
acid  could  not  have  the  formula  I, 

Me  Me  Me 


r  I        I         --  TT    SOoH/^  ttt    {    "^iSOgH 

^-  SO3HI     ISO3H'      ^^-       L   JSO3H        ^^^- 1   JSO3H 

JSTHa  NH2  NH2 

as  the  derived  toluenedisulphonic  acid  differed  from  Hasse's  com- 
pound, and,  as  a  consequence,  was  thought  to  have  the  constitution 
represented  either  by  II  or  III,  between  which  his  experiments  did 
not  enable  him  to  decide.  We  have  proved  that  toluene-3  :  5-disul- 
phonic acid  is  obtained  from  both  sources  and  agrees  with  Richter's 
description,  so  that  his  acid  is  represented  by  the  first  of  the  three 
formulae.  Richter  prepared  an  isomeric  disulphonic  acid  from  para- 
toluidine-2-sulphonic  acid,  but  only  described  its  salts.  Our  experi- 
ments show  that  its  constitution  is  represented  by  formula  II,  and 
that  the  derived  toluene-2  :  5-disulphonic  acid  is  identical  with  that 
prepared  from,  orthotoluidine-5-sulphouic  acid  by  the  xanthate 
method. 
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One  disulphonic  acid  is  obtained  from  orthotoluidine-4-sulphonic 
acid  on  further  sulphonation,  and  its  constitution  is  represented  by 
the  formula 

Me 


SO3H 


NH^ 


SO3H 


This  result  is  interesting,  because  it  affords  one  of  the  rare  instances 
of  sulphonation  proceeding  in  such  a  way  that  the  entering  group 
assumes  a  position  contiguous  to  that  of  the  SOgH-radicle  already 
present  in  the  molecule.  It  is  remarkable  also  from  another  point  of 
view.  Claus  and  Immel  prepared  the  monosulphonic  acid  by  the  action 
of  50  per  cent,  anhydrosulphuric  acid  on  orthotoluidine  sulphate 
at  0°,  whereas  Nevile  and  Winther's  orthotoluidine-5-sulphonic  acid 
is  obtained  either  when  orthotoluidine  sulphate  is  baked  at  about 
200°,  or  when  orthotoluidine  (necessarily  as  sulphate)  is  heated  at 
about  the  same  temperature  with  ordinary  sulphuric  acid.  It  might 
be  supposed,  therefore,  that  Claus  and  Immel' s  acid  would  be  the 
less  stable  of  the  two,  and  possibly  would  undergo  more  or  less 
complete  conversion  into  Nevile  and  Winther's  acid  during  further 
sulphonation  at  a  high  temperature.  But  no  evidence  of  any  such 
change  could  be  obtained,  and  that  it  does  not  occur  seems  clear  from 
an  inspection  of  the  formulae  of  the  single  disulphonic  acid  obtained 
from  each  of  the  acids  respectively. 

Me  Me  Me  Me 

SO3HI       ]  ~*   SO3HI        IsOgH^  II       "  ~*  SO3HI       i 

SO3H  SO3H 

These  I'esults  may  be  compared  with  those  obtained  from  the  para- 
toluidinesulphonic  acids,  each  of  which  also  gives  rise  to  a  single  disul- 
phonic acid. 

Me  Me  Me  Me 

SO3H  ~*  SO3HI     JSO3H '  I    J        ""  so.hI 


NH2  NH2  NH2  NH2 

It  is  a  fair  inference  from  these  examples,  that  intramolecular 
change  does  not  occur  in  the  course  of  further  sulphonation  under  the 
conditions  employed.  It  is  true  that  chlorosulphonic  acid  was  the 
agent  used  in  each  instance,  but  Richter  states  that  in  the  case  of  the 
paratoluidinesulphonic  acids  either  this  acid  or  fuming  sulphuric  acid 
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may  be  employed ;  moreover,  he  describes  only  one  disulphonic  acid 
from  each,  whereas  both  must  have  been  produced  if  the  1:4:3-  changed 
partly  into  the  1:4:  2-isomeride,  or  vice  versd,  prior  to  or  during 
further  sulphonation,  and  adds  that,  by  partial  hydrolysis  of  each  of 
the  disulphonic  acids,  he  obtained  the  respective  monosulphonic  acid 
from  which  it  had  been  prepared.  On  these  grounds,  we  are  unable  to 
accept,  without  further  evidence,  Pechmann's  statement  that  when 
either  paratoluidine-2-  or  -3-sulphonic  acid  (5  grams)  is  heated  with  twice 
its  weight  of  fuming  sulphuric  acid  at  180 — 200°  during  20  minutes, 
it  is  converted  into  a  mixture  of  the  1:4: 2-isomeride  (3  grams), 
1  : 4  : 3-acid  (1  gram),  and  a  disulphonic  acid  {Annalen,  1874,  173, 
195).  Pechmann's  paper  is  concerned  with  the  1:4:  3-acid,  and  con- 
tains no  reference  to  the  method  by  which  the  presence  of  1:4:2- 
acid  was  recognised  and  placed  beyond  doubt,  although  a  mode  of 
separating  the  constituents  of  the  mixture  is  described.  If,  as  Pech- 
mann  states,  paratoluidine  yields  a  mixture  of  the  same  three  acids 
when  heated  in  a  dish  with  twice  its  weight  of  fuming  sulphuric  acid 
at  180°,  it  seems  remarkable  that  neither  Nevile  and  Winther  nor 
ourselves  have  detected  the  presence  of  the  1:4:  2-isomeride  in  the 
product  obtained  from  paratoluidine  sulphate. 

The  mode  in  which  sulphonation  occurs  in  benzenoid  amines  is  a 
problem  which  has  attracted  much  attention,  but  still  awaits  a  com- 
plete solution.  With  orthotoluidine  and  paratoluidine  and  their 
monosulphonic  acids,  it  is  evident  from  what  has  just  been  said  that, 
with  the  exception  of  Claus  and  Immel's  acid,  the  entering  SO3H- 
radicle  assumes  the  para-,  or,  failing  this,  the  ortho-position  relatively 
to  the  NH.,-group.  It  seems  reasonable  to  refer  these  results  to  the 
same  cause,  so  that  if  toluidine  sulphate,  when  baked  or  when  heated 
with  ordinary  sulphuric  acid,  is  converted  first  into  the  sulphamic 
acid,  and  then  by  intramolecular  change  into  the  sulphonic  acid, 
similar  views  may  be  employed  to  represent  the  reactions  occurring 
during  the  sulphonation  of  the  toluidinesulphonic  acids. 

Me  Me  Me 


NH2,H2S04  /    \NH-SO,H  (    ^NHj 

~*   1     ]         ■      ^   so,hI 


Me  Me  Me 

<^^NH2,H2S04  ^NH-SOgH  ^^NHa 

SO.hI       1  ~*  SO3HI       J  ""  SO.Hi      iSOsH 


In  the  case  of  Claus  and  Immel's  acid,  sulphonation,  as  already 
stated,  is  effected  in  the  cold  and  with  anhydrosulphuric  acid.  These 
are  conditions  which  would  seem  likely   to  favour  stability  of  the 


TOLUENE,   OF   ORTHO-  AND   PARA-TOLUIDINE,    ETC.  737 

sulphate,  and  it  is  possible  that  one  of  tlie  suggestions  made  by  Miss 
Clare  de  Brereton  Evans  to  explain  the  behaviour  of  monethylaniline 
under  corresponding  conditions  (Researches  on  Benzenoid  Amines. 
Thesis  for  the  D.Sc.  degree,  London  University,  1897,  9  ;  Proc, 
1895,  11,  235  ;  1896,  12,  234)  may  apply  here,  and  that  the  sulphate 
becomes  sulphonated  at  the  low  temperature,  instead  of  undergoing 
intramolecular  change. 

Me  Me 


NH„H,SO,  ^  so,  =  I        r  ^2  + 112804 


SO3H 

An  interesting  comparison  may  be  drawn  between  the  behaviour 
of  toluidine-  and  chlorotoluene-sulphonic  acids  on  sulphonation.  The 
four  chlorotoluenesulphonic  acids  examined  gave  rise  to  the  following 
products : 

Me  Me 


CI  f    \ci 

SO3HI       I  ~^    SO3HI       ISO3H 


Me  Me  Me 


SO3H/   \ci  /    \C1  (    \ci 

SO3H                     SO3H  SO3H 

(8  parts)  (1  part) 

Me                                  Me  Me 


SO3H 

LI^^S03H  *-              l^SOgH  -*    S03H^^S03H 

Cl  Gl  Cl 

(1  part)  (2  parts) 

Me  Me  Me 

so,h/Nso,h  /Nso,h  /Nso,h 


'3^ 


S03H 


Cl  Cl  Cl 

(3  parts)  (1  part) 

It  will  be  seen,  that  whereas  only  one  disulphonic  acid  is  formed 
from  each  of  the  toluidinesulphonic  acids,  two  are  obtained  from  each 
of  three  out  of  the  four  chlorotoluenesulphonic  acids.  The  disulphonic 
acids  of  corresponding  constitution  in  the  two  series  have  their 
formulae  placed  on  the  right-hand  side.  The  list  may  be  regarded  as 
illustrating  the  result  of  the  absence  of  the  "  directing  influence  "  of 
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the  NH.,-radicle,  and  so  far  as  any  general  conclusion  can  be  drawn, 
it  would  seem  that  of  the  three  radicles  present,  the  SOgH-group 
exerts  the  greatest  orientating  effect,  as  the  chief  product  in  each  case 
is  that  chlorotoluenedisulphonic  acid  which  contains  the  SOgH-groups 
in  meta-positions  relatively  to  one  another. 

Incidentally,  the  list  of  toluenedisulphonic  acids  given  by  Klason 
in  his  paper,  "  Ueber  die  sechs  isomeren  Toluoldisulfosaiire  "  {loc.  cit.), 
has  been  revised.  Two  of  the  acids  in  this  list  were  prepared 
synthetically  by  Klason  himself  ;  the  remainder  were  included  on  the 
evidence  for  their  existence  adduced  by  their  discoverers.  Our  ex- 
periments confirm  those  of  Klason  on  the  1  : 2  :5-  and  1:3: 4-derivatives, 
of  Kornatzki  on  the  1:2:  6-derivative  {Annalen,  1883,  221,  200),  and 
of  Hakannson  on  the  1:2:  4-derivative,  but  prove  that  Richter's 
1:2:  3-derivative  (loc.  cit.,  compare  Klason,  Ber.,  1886,  19,  2889)  is 
the  1:3: 5-compound,  and  that  the  1:3: 5-acid,  as  described  by 
Hasse  (Joe.  cit.),  does  not  exist.  At  the  present  time,  therefore,  five 
of  the  six  theoretically  possible  toluenedisulphonic  acids  are  known, 
and  experiments  are  in  progress  with  the  object  of  obtaining  the 
missing  1:2:  3-isomeride. 

The  method  for  the  preparation  of  mercaptans  (or  disulphides)  by 
hydrolysis  of  the  xanthates  by  alcoholic  potash,  gave  rise  to  an  un- 
expectedly large  pi-oportion  of  thio-ether  in  three  of  the  four  reactions 
examined,  so  that  on  oxidation  with  permanganate  much  sulphone- 
sulphonic  acid  was  obtained  mixed  with  the  disulphonic  acid.  This 
is  probably  due  to  a  tendency,  in  the  case  of  these  toluene  derivatives, 
for  the  xanthate  to  undergo  hydi'olysis  with  alkali,  not  only  in  the  man- 
ner indicated  byLeuckart  (loc.  cit.,  187),  but  also  to  lose  COS  and  yield 
the  thio-ether,  OEt-CS-S-CgHgMe-SOgH^COS-hEtS-OgHgMe-SOgH ; 
a  reaction  hitherto  observed  only  when  xanthates  have  been  decom- 
posed by  heat  {loc.  cit.,  184). 

The  authors'  thanks  are  due  to  Mr.  W.  J.  Pope  for  kindly  furnish- 
ing the  many  crystallographic  notes  and  reports  included  in  this 
paper ;  to  Mr.  A.  Grooves  for  preparing  much  of  the  isomei'ic  toluidine- 
monosulphonic  acids  used  in  the  investigation,  and  to  Mr.  S.  Young 
for  the  determinations  of  nitrogen  in  the  various  anilides. 


I.    TOLUIDINEDISULPHONIC   AciDS. 

Paratoluidine-3  :  5 -disulphonic  Acid. 

The  paratoluidine-3-sulphonic  acid  (Nevile  and  Winther's  acid)  re- 
quired for  the  preparation  of  this  disulphonic  acid  was  obtained  by 
adding  the  x-equisite  quantity  of  concentrated  sulphuric  acid  to 
paratoluidine,  and  heating  the  acid  sulphate  in  an  open  dish  until  the 
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mass  became  dry  and  all  reaction  ceased.  No  evidence  of  the  occur- 
rence of  the  isomeric  acid  in  the  product  could  be  found  during  the 
course  of  purification. 

The  monosulphonic  acid  was  sulphonated  by  Richter  [Annalen, 
1885,  230,  314)  by  means  of  chlorosulphonic  acid  or  fuming  sulphuric 
acid.  We  employed  the  former  agent,  following  Richter's  directions, 
and,  after  verifying  his  statements  as  to  the  uniformity  of  the  product 
and  the  composition  of  the  barium  and  potassium  salts,  proceeded  to 
convert  it  on  the  one  hand  into  toluenedisulphonic  acid,  and  on  the 
other  into  chlorotoluenedisulphonic  acid. 

The  toluenedisulphonic  acid  was  obtained  by  Richter  by  reducing 
the  corresponding  potassium  iodotoluenedisulphonate  in  aqueous  solu- 
tion with  sodium  amalgam.  We  obtained  the  same  acid  by  employing 
von  Baeyer's  hydrazine  method  for  the  elimination  of  the  NH^-radicle 
of  the  toluidinedisulphonic  acid.  For  this  purpose,  the  potassium 
salt  was  dissolved  in  the  smallest  possible  quantity  of  water,  pre- 
cipitated with  hydrochloric  acid,  diazotised,  and  reduced  with  the 
requisite  quantity  of  a  solution  of  stannous  chloride  in  hydrochloric 
acid.  The  hydrazine  derivative  separated  in  very  soluble,  small,  pale 
yellow  scales,  and,  after  filtration  and  careful  washing  with  small 
quantities  of  water  to  remove  hydrochloric  acid  as  far  as  possible,  was 
oxidised  with  copper  sulphate  solution,  giving  a  good  separation  of 
cuprous  oxide.  After  removal  of  the  excess  of  copper  by  precipitation 
with  hydrogen  sulphide,  the  filtrate  was  freed  from  excess  of  sulphuric 
acid  by  means  of  baryta,  and  the  barium  and  potassium  salts  pre- 
pared. The  former,  with  S^H^O,  agreed  with  Richter's  description, 
the  latter  crystallised  in  very  soluble,  small,  thin  scales,  which,  after 
exposure  to  the  air  for  a  short  time,  were  found  to  be  anhydrous,  and 
not  monhydrated  as  stated.  The  chloride  was  easily  soluble  in 
benzene,  and  crystallised  from  a  mixture  of  benzene  and  light  pet- 
roleum in  small  prisms  which  melted  at  95°,  and  thus  agreed  with 
Richter's  description.  A  comparison  of  this  toluenedisulphonic  chloride 
with  that  from  orthotoluidine-3  : 5-disulphonic  acid  was  made  by  Mr. 
W.  J.  Pope,  who  found  them  to  be  crystallographically  identical. 
The  anilide  melted  at  153°,  and  on  fusion  with  an  equal  quantity  of 
the  toluene-3  :  5-disulphonic  anilide  prepared  from  orthotoluidine-3  :  5- 
disulphonic  acid,  formed  a  mixture  which,  after  solidification,  again 
melted  at  153°.  It  follows,  therefore,  that  Richter's  toluenedisulphonic 
acid  is  the  1  : 3  :  5-  and  not  the  1  :  2  :  6-  or  1  :  2  :  3-derivative,  as  he 
was  led  to  think. 

Farachlorotolueiie-S :  o-disulphonic  acid  was  prepared  by  stirring 
diazotised  paratoluidine-3  :  5-disulphonic  acid  into  a  lukewarm  solu- 
tion of  cuprous  chloride  in  hydrochloric  acid.  The  copper  salt  of 
the    chloro-acid    separated    during   the   addition   of    the    diazo-com. 
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pound,  but  dissolved  on  warming  the  solution,  and  crystallised  on 
cooling  in  small  green  scales.  After  removal  of  the  copper  by 
hydrogen  sulphide,  the  acid  was  obtained  from  the  concentrated  solu- 
tion in  very  soluble,  long,  colourless  needles. 

The  barium  salt,  C^H^MeCl(S03)2Ba  +  SH^O,  obtained  either  directly, 
or  by  hydrolysing  the  chloride  with  baryta,  crystallised  from  water 
in  small,  well-defined,  fairly  soluble  prisms. 

0-2694  lost  0031  HgO  at  210°.     H20=  11-51,  theory  =  11-35. 
0-2384  dry  salt  gave  0-1292  BaSO^.     Ba  =  31-87,  theory  =  32-50. 

The  j)otmsium  salt,  C(;H2MeCl(S03K)2  +  GHgO,  crystallised  from 
water  in  long,  thin,  easily  soluble  needles,  which  rapidly  effloresced  on 
exposure  to  the  air,  becoming  opaque  and  anhydrous. 

0-4835  lost  0-1101  HgO  at  205.     H2O- 22-77  ;  theory  =  22-95. 
0-3734  dry  salt  gave  0-1788  K.SO^.     K  =  21-46,  theory  =  21-52. 

The  chloride,  CgH2MeCl(S02Cl)2,  crystallised  from  benzene,  in 
which  it  was  easily  soluble,  in  small,  elongated  prisms,  hopper  like 
crystals  also  separating  on  the  surface  of  the  solvent  as  a  rule.  These 
crystals  contained  h  mol.  prop,  of  benzene,  which  is  only  partially  lost 
during  prolonged  exposure  to  the  air,  but  is  completely  and  rapidly 
expelled  on  heating  at  140°.  They  softened  at  78 — 80°,  melted  at 
80 — 100°,  and,  after  heating  to  expel  the  benzene,  fused  constantly  at 
118°.   Mr.  W.  J.  Pope  examined  these  crystals,  and  reported  as  follows. 

"  The  crystals  which  contain  ^C^jH^  are  small,  very  brilliant,  colour- 
less prisms,  belonging  to  the  monosymmetric  system  (Fig.  1);  they 
are  iridiscent  and  opalescent,  and  possess  a  calcite-like  lustre.  The 
dominant  form  is  ft{010},  but  the  pinacoid  c[001j  is  frequently  very 
large;  the  forms  o{lll}  and  p{110}  are  of  about  equal  size,  and 
r{T01}  is  usually  well  developed.  The  reflections  obtained  from  all 
these  forms  are,  in  general,  poor  in  character.  Traces  of  the  form 
r'{101}  are  occasionally  observed.  Owing  to  the  opacity  of  the 
crystals,  no  optical  examination  was  possible. 

Fig.  1. 
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"  Crystalline  System. — Monosymmetric. 

a:6:c  =  0-7043:l:l-0262. 
)8=74°  11-5'. 
"  Forms  observed.— b{OlO},  c{00\},2}[llO},r {\ 01},  r'{\Ol\,  and  o{lll}. 
"  The  following  angular  measurements  were  obtained. 


Angle. 

Number  of 
observations. 

Limits. 

Mean. 

Calculated. 

bp  =010:  110 

15 

55^45'—  56°  1' 

55°53' 

55°52-5' 

pp  =110:110 

12 

68    6—68  24 

68  13 

68  15 

bo  =010:111 

37 

63  19—  63  38 

63  29 

— 

00  =111  :111 

19 

52  54—53    9 

52  59 

53    2 

CO  =001:111 

28 

50  43—  51  14 

50  50 

— 

op  =111:110 

32 

25  50—  26  39 

26    8 

— 

tp  =001  :110 

14 

76  37—  77  18 

76  56 

76  58 

cp  =001:110 

34 

102  33—103  39 

103    2 

103    2 

jjr  =110:101 

7 

49  51  —  50  24 

50    4 

50    1 

pr  =110:101 

8 

129  37—130    6 

129  51 

129  59 

cr' =001:101 

4 

65  49—  67  26 

66  31 

66  44  " 

The  chloride  dissolved  readily  in  ether  and  ethylic  acetate,  sparingly 
in  light  petroleum  (b.  p.  45 — 90°),  and  crystallised  from  these  solvents 
in  small  plates  melting  at  118°.  These  crystals  were  examined  by 
Mr.  W.  J.  Pope,  who  reported  as  follows. 

"The  compound  melting  at  118° is  fairly  soluble  in  ethylic  acetate, 
and  the  cold  solution  on  spontaneous  evaporation  deposits  colourless, 
tabular,  tetragonal  crystals  (Fig.  2),  which  contain  no  solvent  of 
crystallisation.  The  crystals  can  readily  be  obtained  of  1  cm.  in 
diameter  ;  they  possess  a  glassy  lustre,  are  very  brilliant  and  trans- 
parent, and  show  an  internal  hour-glass  shaped  structure  when 
rapidly  deposited. 

"The  dominant  form  is  always  cJOOl},  and  the  dome  form 
^{101}  is  usually  well  developed.  The  pyramids  ojlll}  and  o'{113} 
are  made  up  of  long,  narrow  faces,  which  are,  however,  larger  than 
those  of  the  prism  jo{l  10}  ;  the  latter  form  is  frequently  absent.  All 
the  forms  give  good  results  on  measurement  with  the  exception  of  the 
pinacoid  cJOOl},  the  faces  of  which  are  usually  striated  in  accordance 
with  the  internal  structure. 

Fig.  2. 


742 


WYNNE  AND   BRUCE:   DISULPHONIC   ACIDS   OF 


"  Crystalline  System. — Tetragonal. 

«:c-l  :  1-3647. 
''  Forms  observed.— c{OQ\],  7^(110},  ^{101},  o{lll},  and  o'{113}. 
"If  ojlllj  be  made  {101}  then 

a:c  =  l  :l-9299, 
and  if  o'[113}  be  made  {101}  then 

«:c  =  l  :  0-6433. 
"■  The  following  angulai'  measurements  were  obtained. 


Angle. 

Number  of 
observations. 

Limits. 

Mean. 

Calculated. 

cq  =001:101 

47 

53°21'—  54°  8' 

53°46' 

g-y^lOl  :101 

45 

72    3—72  48 

72  29 

72°28' 

CO  =001  :  ni 

12 

62  18  —  62  50 

62  31 

62  36-5 

co'  =001  :113 

16 

32  16—33    0 

32  40 

32  45 

oo' =111: 113 

28 

29  31—  30    7 

29  52 

29  51 

01)  =111  rllO 

6 

27    2  —  27  54 

27  25 

27  23-5 

00  =111  :111 

11 

54  38—  55  14 

54  53 

54  47 

iJ?  =110: 101 

8 

54  47  —  55  36 

55    9 

55  13-5 

qq  =101  :011 

4 

69  25—70    1 

69  41 

69  33 

qo  =101  :111 

9 

38  26—39    7 

38  44 

38  53 

00  =111:111 

5 

101  59—102  46 

102  28 

102  13 

"  The  chai"acteristic  interference  figure  of  a  uniaxial  material  may  be 
observed  by  microscopic  examination  through  the  form  c{001};  the 
double  refraction  is  positive  in  sign  and  very  weak. 

"  It  is  interesting  to  note  that  crystals  having  the  same  geometrical 
constants  and  appearance  are  sometimes  deposited  on  spontaneous 
evaporation  of  a  solution  in  a  mixture  of  benzene  and  petroleum  ; 
these  crystals  contain  no  benzene  of  crystallisation,  and  measurement 
showed  that  they  exhibit  the  same  angles  and  the  same  forms  as  those 
from  ethylic  acetate  solution  to  which  the  above  description  refers. 
The  crystals  of  which  mention  is  now  made,  however,  are  sometimes 
optically  anomalous,  in  that  they  are  frequently  biaxial  ;  the  optic 
axial  angle  is  variable  in  size,  but  often  quite  large,  being  usually 
largest  in  the  middle  of  the  face  c(OOl).  The  optic  axial  plane 
seems  always  parallel  to  the  plane  a(lOO)." 

From  mixtui-es  of  benzene  with  light  petroleum,  the  chloride  usually 
crystallised  with  benzene  in  the  first  form,  but  from  mixtures  of 
benzene  with  petroleum  (b.  p.  90—120"),  usually  in  the  second 
form. 

2-82  lost  0-0816  benzene  after  exposure  in  a  current  of  air  during 
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6  days,  and  an  additional  0"2144  benzene  after  heating  at  HO*^  during 
an  hour.*     C,;H,5  =  10-50,  theory  =  10-77. 

0-1192  chloride,  m.  p.  =  118°,  gave  0-1586  AgCl.  CI  =  32-91;  theory  = 
32-92. 

The  anilide,  C^H2MeCl(S02NHPh)2,  crystallised  from  either  benzene 
or  alcohol  in  radiate  groups  of  elongated  scales,  sparingly  soluble  in 
benzene,  readily  in  alcohol  or  ether  ;  it  melted  at  184°. 

0-5626  gave  29  c.c.  moist  nitrogen  at  15-5°  and  756  mm.  N  =  6-06, 
theory —  6-41. 

Paratoluidme-2  : 5-disulphonic  Acid. 

The  paratoluidine-2-sulphonic  acid  required  for  the  preparation  of 
this  disulphonic  acid  was  prepared  from  purified  potassium  paranitro- 
toluene-2-sulphonate  by  reduction  with  iron  and  sulphuric  acid  and 
conversion  into  the  potassium  paratoluidinesulphonate,  which  was 
twice  crystallised,  and  subsequently  pi-ecipitated  by  hydrochloric  acid 
in  the  usual  way. 

The  monosulphonie  acid  was  sulphonated  by  Eichter  (loc.  cit.,  331) 
by  means  of  chlorosulphonic  acid  or  fuming  sulphuric  acid ;  in  our 
experiments,  the  former  was  employed,  and,  contrary  to  Richter's  ex- 
perience, reaction  set  in  at  once  in  the  cold,  being  completed  at  150° 
as  he  describes.  After  verifying  his  statements  as  to  the  composition 
of  the  barium  and  potassium  salts,  and  ascertaining  that  the  product 
was  uniform,  the  crystallised  potassium  salt  was  converted  on  the  one 
hand  into  toluenedisulphonic  acid,  and,  on  the  other,  into  chloro- 
toluenedisulphonic  acid. 

The  toluenedisulphonic  acid  from  this  source  has  not  been  de- 
scribed. We  obtained  it  by  the  hydrazine  method  ;  the  hydrazine 
derivative  crystallised  in  small,  pale  buff  scales,  was  easily  freed 
from  acid  by  washing  with  small  quantities  of  water,  and  gave  a 
considerable  separation  of  cuprous  oxide  on  oxidation  with  copper 
sulphate  solution.  The  barium  and  potassium  salts,  both  with  IH^O, 
were  identical  with  those  of  toluene-2  : 5-disulphonic  acid.  The 
chloride  crystallised  from  benzene,  or  from  a  mixture  of  benzene  and 
light  petroleum  in  prisms,  melted  at  98°,  and,  on  fusion  with  an 
equal  amount  of  the  chloride  prepared  from  orthotoluidine-5-sulphonic 
acid  by  the  xanthate  method  (see  furthei-),  formed  a  mixture  which, 
after  solidification,  melted  at  98°.  The  identity  of  the  two  was  also 
established  by  crystallographic  examination.     The  anilide  melted  at 

*  At  this  temperature,  a  constant  loss  of  0-0047  gram  per  hour  was  observed  and 
attributed  to  volatilisation  of  the  chloride,  as  the  melting  point  of  the  residue  was 
not  affected  after  heating  during  6  hours.  The  necessary  correction  was  applied  in 
calculating  the  loss  of  benzene  after  heating  during  a  known  period. 
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178°,  and  its  melting  point  was  not  affected  by  mixture  with  toluene- 
2  :  5-disulphonic  anilide.  It  follows,  therefore,  that  the  toluenedi- 
sulphonic  acid  corresponding  with  Richter's  second  paratoluidine- 
disulphonic  acid  is  the  1:2: 5-derivative. 

Parachlorotoluene-2  : 5-disulphonic  acid  was  prepared  by  stirring 
diazotised  paratoluidine-2  : 5-disulphonic  acid  into  a  lukewarm 
solution  of  cuprous  chloride  in  hydrochloric  acid.  It  crystallised 
from  the  concentrated  acid  solution,  after  removal  of  the  copper,  in 
very  soluble  small  scales. 

The  barium  salt,  C^H2MeCl(S03)oBa  +  HgO,  obtained  by  hydrolysing 
the  chloride  with  baryta,  crystallised  from  water  in  sparingly  soluble, 
minute  prisms. 

0-462  lost  0-0194  H2O  at  235°.     H2O  =  4-20,  theory  =  4-10. 
0-4426  dry  salt  gave  0-2446  BaSO^.     Ba  =  32-49,  theory  =  32-50. 

The  j)otassium  salt,  CgH2MeCl(S03K)2  +  2H2O,  crystallised  from 
water  in  easily  soluble,  small,  glistening  scales. 

0-191  lost  0-017  H2O  at  180°.     H2O  =  8-90,  theory  =  9-04. 
0-174  dry  salt  gave  0-0838  K2SO4.     K  =  21-58,  theory  =  21-52. 

The  chloride,  CgH2MeCl(S02Cl)2,  crystallised  from  benzene  in  very 
small  prisms,  melted  at  144°,  and  was  not  very  soluble  in  benzene, 
and  almost  insoluble  in  ether  and  in  light  petroleum. 

0-1323  gave  0-1773  AgCl.     01  =  33-14,  theory  =  32-92. 

Mr.  W.  J.  Pope  examined  the  crystals  and  reported  as  follows. 

"The  crystals  consist  of  small  colourless  and  transparent  rect- 
angular scales,  showing  straight  extinction ;  the  large  face  is 
perpendicular  to  a  bisectrix.  After  melting,  the  material  solidifies 
very  readily,  giving  a  film  consisting  of  long,  individual  crystalline 
flakes,  many  of  which  are  perpendicular  to  the  negative  bisectrix 
of  a  large  optic  axial  angle.     The  film  is  full  of  air-holes  and  cracks." 

The  anilide,  CyH2MeCl(S02NHPh)2,  crystallised  from  alcohol  in 
small,  diamond-shaped  scales,  from  acetone  in  large,  well-developed 
prisms,  and  melted  at  245°.  It  was  very  sparingly  soluble  in  benzene, 
sparingly  in  alcohol,  and  easily  in  acetone. 

0-7359  gave  39-7  c.c.  moist  nitrogen  at  14-5°  and  771  mm. 
N  =  6-52,  theory  =  6-41. 

OrthotohiidineA  :  5-disulphonic  Acid. 

Orthotoluidine-4-sulphonic  acid  was  pi'epared  by  Glaus  and  Immel 
{Annalen,  1891,265,  71)  by  sulphonating  crystallised  orthotoluidine 
sulphate  with  twice  its  weight  of  50  per  cent,  anhydrosulphuric  acid 
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at  temperatures  below  0*^.  Equally  good  results,  we  found,  wore 
obtained  by  using  twice  the  weight  of  30  per  cent,  auhydrosulphuric 
acid.  The  acid  was  placed  in  a  flask,  and  cooled  below  0*^  in  a 
freezing  mixture,  becoming  semi-solid,  but  soon  liquefying  after  some 
of  the  orthotoluidine  sulphate  was  dusted  in.  Dui-ing  the  addition 
of  the  sulphate,  the  temperature  was  kept  below  3*^,  and  when  com- 
pleted the  mixture  was  left  in  an  ice  bath  all  night,  allowed  to 
remain  at  the  temperature  of  the  laboratory  during  an  hour  on  the 
following  day,  and  afterwards  poured  on  to  crushed  ice.  The  product 
was  converted  into  barium  salt  in  the  usual  way  ;  during  neutral- 
isation the  odour  of  sulphurous  anhydride  was  very  noticeable,  and 
some  orthotoluidine  was  invariably  recovered.  The  yield  of  sulphonic 
acid  rarely  exceeded  80  per  cent,  of  that  theoretically  possible  from 
the  quantity  of  orthotoluidine  sulphate  employed.  The  barium  salt, 
with  2IH2O,  and  calcium  salt,  with  6H2O,  agreed  with  the  descrip- 
tions given  by  Hayduck  {ibid.,  1874,  172,  205)  and  by  Glaus  and 
Immel. 

The  potassium  salt,  NH2'CgH3Me-S03K-|- HgO,  crystallised  from 
water  in  very  soluble,  small,  lustrous  scales. 

0-4702  lost  0-0348  H.,0  at  180°.     H2O  =  7-40,  theory  =  7-41. 
0-4354  dry  salt  gave  0-1672  K^SO^.     K=  17-21,  theory  =  17-33. 

An  examination  was  made  to  ascertain  whether  Nevile  and  Winther's 
orthotoluidine-5-sulphonic  acid  was  formed  under  the  conditions 
employed,  but  no  evidence  could  be  obtained  of  its  presence. 

Orthotoluidine-^  :  5-disul2jhonic  acid  was  obtained  by  sulphonating 
orthotoluidine-4-sulphonic  acid  (100  grams)  with  chlorosulphonic 
acid  (75  grams)  under  conditions  similar  to  those  employed  by 
Richter  and  by  Hasse  in  the  case  of  isomeric  acids.  Evolution  of 
hydrogen  chloride  commenced  at  about  110°  ;  the  mass  became  pasty 
at  about  130°;  it  was  then  heated  at  150°  dviring  2  hours  and  at 
160°  during  a  third  hour.  The  hard,  dry,  brown  mass  was  mixed 
with  water,  evaporated  over  steam  to  remove  hydrogen  chloride  as 
far  as  possible,  and  finally  dissolved  in  water.  The  solution  gave  a 
considerable  amount  of  a  sparingly  soluble  substance  in  minute 
needles,  which  proved  to  be  the  expected  disulphonic  acid,  whilst  the 
mother  liquors,  on  examination,  were  found  to  contain  nothing  but 
orthotoluidine-4-sulphonic  acid,  which  was  recognised  both  by  the 
great  solubility  of  its  salts  and  by  conversion  into  the  corresponding 
chlorotoluene-4-sulphonic  chloride  melting  at  37°.  The  disulphonic 
acid  seemed  to  be  uniform,  and  no  evidence  could  be  obtained  of  the 
presence  of  an  isomeride. 

The  barium  salt,  NH,-CgH2Me(S03)2Ba  + l^HgO,  crystallised  from 
water  in  sparingly   soluble,   small,  thin   scales,  and   when   separated 
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from  a  hot  solution  during  concentration  was  much  less  soluble  than 
the  crystallised  form,  owing  possibly  to  dehydration. 

0-35U  lost  0-0218  H^O  at  200°.     H2O  =  6-20,  theory  =6-29. 
0-3296  dry  salt  gave  0-1868  BaSO^.     Ba  =  33-32,  theory  =  34-08. 

The  potassium  salt,  NH2*CgH2Me(S03K)2  +  2H2O,  crystallised  from 
water  in  easily  soluble,  thin  scales,  or,  occasionally,  from  more  con- 
centrated solutions  in  anhydrous,  short,  slender  needles. 

0-2033,  scales,  lost00207  HgOat  200°.     H20  =  10-18,  theory  =  9-50. 
0-1826  dry  salt  gave  0-0926  KgSO^.     K  =  22-73,  theory  =22-74. 

The  orientation  of  the  sulphonic  radicles  in  this  acid  was  ascertained 
by  eliminating  the  NHg-group  by  the  hydrazine  method.  The  crys- 
tallised potassium  salt  was  employed,  and  as  the  precipitate  formed 
by  adding  hydrochloric  acid  to  its  concentrated  aqueous  solution  was 
found  to  take  up  nitrite  very  slowly,  it  was  finely  ground  in  a  mortar 
to  obviate  this  difficulty.  The  diazo-compound  consisted  of  sparingly 
soluble,  colourless,  microscopic  needles,  and  the  hydrazine  derivative 
of  sparingly  soluble,  small,  slender  needles.  After  careful  washing 
with  small  quantities  of  water,  the  hydrazine  gave  a  good  reaction 
with  copper  sulphate  solution.  The  barium  salt,  with  2H2O,  and  potas- 
sium salt,  with  IHjO,  of  the  toluenedisulphonic  acid  thus  obtained 
resembled  both  in  solubility  and  appearance  the  corresponding  salts  of 
the  1:3:  4-derivative  prepared  from  Nevile  and  Winther's  paratoluidine- 
3-sulphonic  acid  by  Klason,  and  by  the  xanthate  method  to  be  described 
presently.  The  chloride  crystallised  both  with  benzene  of  crystallisa- 
tion in  prisms  which  became  opaque  on  exposure  to  air,  and  without 
benzene  in  plates  melting  at  111°.  The  anilide  melted  at  190°,  and 
when  fused  with  an  equal  quantity  of  toluene-3  :  4-disulphonic  anilide, 
formed  a  mixture  which,  after  solidification,  again  melted  at  190°. 

Orthochlorotoluene-4: :  o-disulphonic  acid  was  prepared  from  potassium 
orthotoluidine-4  :  5-disulphouate  by  Sandmeyer's  method  in  the  usual 
way.  During  the  reaction  between  the  diazo-compound  and  the  acid 
cuprous  chloride  solution,  a  considerable  quantity  of  the  hydrogen 
potassium  salt,  S03H*CgH2MeCl*S03K  +  H2O,  separated  as  a  micro- 
crystalline  powder  which  dissolved  on  heating  the  solution,  bub 
crystallised  again  on  cooling.  It  was  also  sparingly  soluble  in 
water. 

0-1607  lost  0-009  H2O  at  180°.     H2O  =  5-60,  theory  =5-25. 
0-1517  dry  salt  gave  0-0411  KoSO^.     K  =  12-14,  theory  =  1202, 

The  barium  salt,  C(jH,^MeCl(S0.j)2Ba  +  2II2O,  prepared  by  hydrolys- 
ing  the  chloride  with  baryta,  crystallised  from  water  in  very  sparingly 
soluh  e,  small,  rectangular  prisms. 
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0-413  lost  0-032  H.O  at  250°.     H.p  =  7-75,  theory  =  7-87. 
0-381  dry  salt  gave  0209  BaSO^.     Ba  =  32-23,  theory  =  32-50. 

The  potassium  salt,  OgH2MeCl(S03K)2  +  HgO,  crystallised  from 
water  in  easily  soluble,  long,  prismatic  needles. 

0-4168  gave  0-0204  H2O  at  180°.     H20  =  4-89,  theory  =  4-73. 
0-3964  dry  salt  gave  0-1898  K.^O^.     K  =  21-46,  theory  =  21-52. 

The  chloride,  CgH2MeCl(S02Cl)2,  which  crystallised  from  benzene 
in  lustrous,  small,  well-developed  prisms,  dissolved  somewhat  spai'ingly 
in  benzene,  was  almost  insoluble  in  ether  and  in  light  petroleum, 
and  melted  at.  158°.  Mr.  W.  J.  Pope  made  the  following  report  on 
the  crystals. 

"This  substance  crystallises  by  spontaneous  evaporation  of  its 
chloroform  solution  in  very  lustrous,  transparent  plates  or  prisms 
belonging  to  the  monosymmetric  system ;  although  the  habit  of  the 
crystals  is  very  variable,  the  largest  face  is  usually  perpendicular  to 
the  acute  bisectrix.  The  optic  axial  angle  is  small,  and  the  double 
refraction  is  positive  in  sign  and  very  weak." 

0-1054  gave  0-1399  AgCl.     CI  =  32-84,  theory  =  32-92. 

The  anilide,  C6H2MeCl(S02NHPh)2,  crystallised  in  small  prisms 
either  from  alcohol  or  from  a  mixture  of  benzene  and  light  petroleum, 
dissolved  easily  in  benzene  but  only  sparingly  in  alcohol,  and  melted 
at  183°. 

0-6866  gave  36-4  c.c.  moist  nitrogen  at  16°  and  764  mm. 
N  =  6-31,  theory  =  6-41. 

Orthotoluidine-3  : 5-disul2}honic  Acid. 

Orthotoluidine-3  : 5-disulphonic  acid  was  prepared  by  Ne vile  and 
Winther  from  their  orthotoluidine-5-sulphonic  acid  by  heating  it  with 
fuming  sulphuric  acid  (Trans.,  1882,  41,  421),  and,  although  neither 
the  acid  nor  its  salts  were  described,  the  constitution  was  established 
by  conversion  of  the  disulphonic  acid  into  3  : 5 -dinitro-orthocresol. 
Hasse  obtained  the  same  acid  by  sulphonating  the  monosulphonic 
acid  either  with  chlorosulphonic  acid  or  fuming  sulphuric  acid,  and 
described  the  salts  and  a  number  of  derivatives  {Anncden,  1885,  230, 
286).  We  employed  chlorosulphonic  acid  as  the  sulphonating  agent, 
and,  after  confirming  Basse's  statements  with  reference  to  the  salts, 
converted  the  toluidinedisulphonic  acid  into  the  corresponding  toluene- 
disulphonic  acid  on  the  one  hand,  and  into  the  chloro-  and  bromo- 
toluenedisulphonic  acids  on  the  other. 

A  toluenedisul phonic  acid   was  prepared  by  Nevile  and  Winther 
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fioiu  this  .source  by  boiling  the  diazo-compound  with  alcohol  {loc.  cit.), 
but  neither  the  acid  nor  its  salts  were  described.  Hasse  states  that  he 
obtained  the  acid  by  reducing  either  the  corresponding  bromotoluene- 
disulphonic  acid  with  sodium  amalgam,  or  the  iodo-acid  with  con- 
centrated hydriodic  acid.  The  former  method  gave  a  product  which 
was  evidently  impure,  whilst  the  latter,  from  the  conditions  employed, 
could  not  be  expected  to  lead  to  a  satisfactory  result.  As  obtained 
by  the  hydrazine  method,  the  acid  differs  in  its  properties  from  that 
described  by  Hasse,  as  will  be  seen  from  a  description  of  its  salts  and 
chloride.  The  hydrazine  derivative  obtained  from  the  ortho- 
toluidinedisulphonic  acid  was  a  pale  yellow,  easily  soluble,  micro- 
crystalline  compound,  which,  after  careful  washing  with  small  quantities 
of  water,  gave  a  good  sepai'ation  of  cuprous  oxide  on  oxidation  with 
copper  sulphate  solution. 

Barium  toluene-3  :  b-disuljjhonate,  CgH3Me(S03).2Ba  +  3|H20,  crys- 
tallised from  water  in  easily  soluble,  small  prisms. 

0-1878  lost  0-026  H2O  at  210°.     H20=  13-84,  theory  =  14-00. 
0-1618  dry  salt  gave  0-0958  BaSO^.     Ba  =  34-81,  theory  =  35-40. 

The  potassiu7n  salt,  CgH3Me(SOgK)2,  crystallised  from  water  or 
from  dilute  alcohol  in  very  soluble,  microscopic  scales  which  were 
anhydrous.      Hasse  found  2^H20, 

0-1927  lost  0-0012  H,0  at  200%  and  gave  0-1019  KgSO^. 
K  =  23-58,  theory  =  23-78. 

The  chloride,  CeH3Me(S02Cl)2,  crystallised  from  a  mixture  of 
benzene  and  light  petroleum  in  pale  yellow,  prismatic  forms,  which 
melted  at  95°,  and  not  at  132°  as  Hasse  states. 

0-2407  gave  0-2383  AgCl.     CI  =  24-49  (Hasse  25-9),  theory  =  24-57. 

Mr.  W.  J.  Pope  has  examined  the  crystals  and  reports  as  follows. 

"  The  crystals  consist  of  small,  poorly  developed,  and  almost  opaque 

yellowish  prisms  belonging  to  the  monosymmetric  system  (Fig.  3). 

The  form  5{010}  is  usually  dominant,  and  the  prism  /){110}  is  also 

large ;  the  form  5  [011}  is  usually  small.     None  of  the  faces  give  good 

x-esults  on  measurement. 

Fig.  3. 
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Crystalline  System. — Monosymmetric. 

«:6:c  =  0-8132:l  :  0-8990. 
y3  =  82°5' 
Forms  observed.— h{0\0],  p{l\Q},  and  ?{011}. 

"  The  following  angular  measurements  were  obtained. 


Angle. 

Number  of 
observations. 

Limits. 

Mean. 

Calculated. 

6j9  =  010:110 

32 

50°  4'—  52°  9' 

5ril' 

51°  9' 

^72^  =  110: 110 

26 

101  24—103  17 

102  18 

102  18 

2)^  =  110:110 

36 

77    3—78  54 

77  42 

. — 

/;g=010:011 

14 

47  30—  49  11 

48  17 

48  19 

g'7  =  011  :011 

29 

95  48  —  97  45 

96  36 

96  38 

g(7  =  011:011 

37 

82  51—84    2 

83  22 

— 

^9(7  =  110:011 

21 

69  33—71    8 

70  17 



M  =  110:  Oil 

10 

108  54—110    6 

109  36 

109  43 

"  After  melting,  the  substance  solidifies  readily  fx'om  centres  in  long 
needles,  showing  an  extinction  straight  from  the  centre  of  crystallisa- 
tion. The  needles  on  microscopic  examination  sometimes  show  an 
optic  axis,  but  usually  the  acute  bisectrix  of  a  fairly  large  optic  axial 
angle  emerges  in  the  field ;  the  double  refraction  is  positive  in  sign. 
The  film  is  now  very  transparent,  but  after  a  short  time  one  or  other  of 
the  circles  of  growth  in  the  film  becomes  bordered  with  another 
crystalline  modification  which  appears  much  more  opaque  than  the 
first.  The  film  ultimately  shows  aggregate  polarisation,  but  retains 
the  trace  of  the  first  structure." 

The  amlide,  CgH.^Me(S02NHPh).2,  crystallised  either  from  benzene 
or  dilute  alcohol  in  thin  scales,  dissolved  sparingly  in  benzene,  readily 
in  alcohol  or  ether,  and  melted  at  153°. 

0"381  gave  23*1  c.c.  moist  nitrogen  at  21°  and  763  mm. 
N  =  7-l,  theory  =6-96. 

Orthoh'omotoluene-2t  :  5-disulphonic  acid. — This  acid  was  described  by 
Hasse  and  utilised  for  the  preparation  of  the  toluenedisulphonic  acid. 
In  view  of  the  discrepancy  between  his  results  and  ours,  it  seemed 
possible  that  his  bromo-acid  might  have  been  impure,  and  a  repetition 
of  the  work  supports  this  view.  The  bromo-acid  was  prepared  from 
orthotoluidine-3  :  5-disulphonic  acid  by  Sandmeyer's  method. 

The  barium  salt,  CgH2MeBr(S03).3Ba -h  iHgO,  prepared  from  the 
chloride  by  hydrolysis  with  baryta,  crystallised  in  very  short,  slender 
needles.     Hasse  found  IIH2O. 

0-1951  lost  0-026  HgO  at  210°.     H20  =  13-33,  theory- 13-38. 
0-1691  dry  salt  gave  0-0845  BaSO^.     Ba  =  29-38,  theory  =  29-40. 
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The  j)otasshim  salt,  Cj;HoMeBr(S03K)2  +  HgO,  crystallised  from 
water  in  clusters  of  very  soluble,  small  needles.  Hasse  described  the 
salt  as  crystallising  in  tabular  forms  with  4H2O. 

0-1889  lost  0-0086  R,0  at  200°.     HoO  =  4-55,  theory  =  4-23. 
0-1803  dry  salt  gave  0-078  KoSO^.    K  =  19-39,  theory  =  19-16. 

The  chloride,  C^-H.,MeBr(S02Cl)2,  crystallised  either  from  benzene 
or  from  a  mixture  of  benzene  and  light  petroleum  in  small,  white 
aggregates  of  needles,  dissolved  readily  in  benzene  and  ether,  sparingly 
in  light  petroleum,  and  melted  at  102°.  Hasse's  product  crystallised 
in  prisms  melting  at  90°. 

0-2146  gave  0-2787  of  mixed  AgCl  and  AgBr. 

CI  =  19-40,  theory  19-29;  Br  =  21 -89,  theory  =  21-74. 

The  anilide,  CgH2MeBr(S02NHPh)2,  which  crystallised  from  benzene 
in  very  small,  square  prisms,[and  from  dilute  alcohol  in  short,  irregular 
needles,  dissolved  sparingly  in  benzene,  easily  in  alcohol,  and  melted 
at  194°. 

0-3688  gave  17-45  c.c.  moist  nitrogen  at  16°  and  764  mm. 
]Sr  =  5-63,  theory  =  5-82. 

Orthochlorotoluene-Z  :  5-disulpho7iic  acid,  prepared  by  stirring  di- 
azotised  orthotoluidinedisulphonic  acid  into  a  lukewarm  solution  of 
cuprous  chloride  in  hydrochloric  acid,  crystallised  from  concen- 
trated solutions  in  vex'y  small  and  very  soluble  needles. 

The  barium  salt,  C6H2MeCl(S03)2Ba -|-4|H20,  obtained  by  hydro- 
lysis of  the  chloride,  was  very  soluble  in  watei-,  and  crystallised  in 
minute  needles. 

0-2704  lost  0-0434  H2O  at  250°.     H20=  16-05,  theory  =  16-12. 
0-227  dry  salt  gave  01243  BaSO^.    Ba  =  32"  19,  theory  =  32  50. 

The  potassium  salt,  CcH2MeCl(SO.,Iv)2-l-2moO,  crystallised  very 
slowly  from  water  in  easily  soluble  large,  massive,  irregular  crystals. 

0-1598  lost  0-0184  HjOat  200°.     H20  =  ll-51,  theory  =  1 1 -04. 
0-1414  dry  salt  gave  00678  K3SO4.    K  =  21-49,  theory  =  21-52. 

From  dilute  alcohol,  the  salt  separated  in  small  spherical  aggregates 
of  needles  with  2H.,0. 

0-339  lost  0-0288  Kfi  at  195°.     H.,O  =  8-50,  theory  =  9  03. 

The  chloride,  C,HjMeCI(SO.,Cl).,  crystallised  from  a  mixture  of 
benzene  and  light  petroleum  in  radiate  groups  of  short,  slender 
needles,  dissolved  easily  in  benzene  and  ether,  sparingly  in  light 
petroleum,  and  melted  at  85°. 

0-0832  gave  01112  AgCl.     CI  =  3300,  theory  =  32-93. 
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The  anilide,  C,iH2MeCl(S0oNHPh)o,  crystallised  from  benzene,  and 
from  dilute  alcohol  in  small,  elongated,  flat  prisms,  dissolved  sparingly 
in  benzene,  easily  in  alcohol,  and  melted  at  ISS"'. 

0'3785  gave  20*2  c.c.  moist  nitrogen  at  16''  and  768  mm. 
N  =  6-39,  theory  =  6-41. 


II.    TOLUENEDISULPUONIC  AciDS. 

Toliteiie-S  :  i-disulphonic  Acid  from  Paratoluidine-3-sulphonic  Acid  hy 
the  XantJmte  Method. 

Toluene-3  :  4-disulphonic  acid  was  obtained  by  Klason  from  para- 
toluidine-3-sulphouic  acid  through  the  intermediary  of  the  thio- 
cresolsulphonic  acid  (Ber.,  1887,  20,  356).  We  prepared  it  by 
employing  potassium  xanthate  in  place  of  potassium  sulphide,  following 
Leuckart's  method  {J.  ]»'.  Chem.,  1890,  [ii],  41,  218),  and  oxidising 
the  resulting  disulphide-sulphonate  to  disulphonic  acid  by  potassium 
permanganate  (Farbenfab.  vorm.  F.  Bayer  &  Co.,  D.R.-P.  70296  of 
June  14,  1892).  For  this  purpose,  the  paratoluidinesulphonic  acid 
was  diazotised  in  quantities  of  60  grams,  using  as  little  water  as  possible, 
and  the  sparingly  soluble,  crystalline  diazo-compound  collected, 
washed,  mixed  with  a  little  water,  and  added  slowly  to  a  concentrated 
solution  of  35  grams  of  potassium  xanthate.  Much  effervescence 
occurred,  and  the  flask  was  cooled  from  time  to  time  to  prevent  undue 
rise  of  temperature.  A  few  crystalline  plates  separated,  which  on 
recrystallisation  formed  hard  clusters  of  small,  hexagonal  plates,  and 
had  the  composition  of  the  xantJuite,  S03K'CgH3Me-S-CS*OEt  +  2H20. 

0-2472  lost  00258  H,0  at  115°.     H20  =  10-39,  theory  =    9-83. 
0-2214  dry  salt  gave  0"'-0598K2SO4.      K=12-16,  theory  =  11-82. 

This  salt  decomposed  into  the  thio-ether,  S03K*CgH3Me*SEt,  no 
doubt  by  loss  of  COS,  when  heated  at  temperatures  above  120°,  and 
the  change  was  complete  at  190°.  Thus,  the  loss  in  weight  at  150° 
was  11-68  percent.  ;  at  180°,  17-20  per  cent.  ;  at  190°,  25-19  per  cent.  ; 
and  the  pi"oduct  gave  numbers  corresponding  with  those  required  for  the 
percentage  of  potassium  in  the  thio-ether  (K  =  14-58,  theory  =  14-44). 

The  impure  xanthate  which  separated  and  the  mother  liquor  were 
hydrolysed  separately  by  boiling  with  successive  small  quantities  of 
alcoholic  potash  until  permanently  alkaline,  and,  after  removal  of  the 
alcohol  by  distillation,  the  solutions  were  dissolved  in  water  and  con- 
centrated to  crystallising  point.  From  the  impure  xanthate,  the  thio- 
ether  was  obtained  in  anhydrous,  well-defined,  square  plates,  but  from 
the  mother  liquor  nothing  satisfactory  could  be  isolated,  probal)ly  on 
a,ccount  of  the  great  solubility   of   the   expected  disulphide.     Both 
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products  were  oxidised  wit)i  permanganate,  and,  after  neutralising 
the  filtrates  with  sulphuric  acid,  the  former  gave  mainly  the  sulphone- 
sulphonate,  which  was  readily  separated  by  crystallisation  from  the 
more  soluble  disulphonate,  whilst  the  latter  gave  the  disulphonate 
mixed,  in  the  earlier  separations,  with  potassium  sulphate.  The  yield 
of  potassium  toluenedisulphonate  was  94  grams  from  500  grams  of 
the  Nevile  and  Winther  acid,  and  the  proportion  of  thio-ether  was 
greater  with  this  acid  than  with  its  isomerides  ;  various  attempts 
were  made  to  modify  the  process,  even  to  the  extent  of  omitting  the 
hydrolysis,  and  oxidising  the  crude  xanthate  with  permanganate,  but 
without   success  so    far  as   the  yield  of   disulphonate  was   concerned. 

The  barium  and  potassium  toluone-3  : 4-disulphonates,  with  2  and 
IHgO  respectively,  agreed  with  Klason's  description. 

The  chloride,  CgH3Me(S02Cl)2,  crystallised  from  a  mixture  of  benzene 
and  light  petroleum,  or  from  light  petroleum,  chloroform,  or  ether  in 
scales,  which  melted  at  11 1°.  From  concentrated  solutions  in  benzene, 
it  crystallised  in  forms  which  were  usually  free  from  benzene  of 
crystallisation,  appeared  to  consist  of  a  number  of  plates  aggregated 
together  side  by  side,  and  melted  at  111°.  From  more  dilute  solu- 
tions in  benzene,  the  crystals  were  elongated,  prismatic  individuals, 
showing  good  end  faces,  and  occasionally  arranged  as  a  cross  by  the 
approximation  of  an  end  face  of  each  of  four  crystals  ;  these  contained 
a  half  molecular  proportion  of  benzene  of  crystallisation,  which  was 
rapidly  lost  on  exposure  to  the  air,  the  crystals  becoming  white  and 
opaque.  The  clear  crystals  containing  benzene  fused  at  70 — 80°,  and 
after  loss  of  the  benzene  melted  constantly  at  1 1 1°. 

8-068  lost  0-918  benzene.     Benzene  =  11-38,  theory  =  11-89. 

!3f  The  anilide,  CgH3Me(S02NHPh)2,  which  crystallised  from  acetone 
in  well  developed  plates,  from  alcohol  in  small,  well  defined  prisms, 
and  from  benzene  in  clusters  of  minute  plates,  dissolved  easily  in 
acetone,  benzene,  and  ether,  sparingly  in  alcohol,  very  slightly  in 
light  petroleum,  and  melted  at  190°. 

0-423  gave  24-6  c.c.  moist  nitrogen  at  22°  and  764  mm. 
N  =  6-78,  theory  =  6-96. 

The  thio-ether,  SEt*  CgH3Me'S03K,  crystallised  from  water  in  well- 
defined,  square,  anhydrous  plates. 

0-2004  lost  0-0002  at  180°  and  gave  00652  KgSO^. 
K=  14-58,  theory  =14-44. 

On  treatment  with  phosphorus  pentachloride  in  the  cold,  the  salt 
was  converted  into  a  brown  liquid,  which,  on  adding  water,  slowly 
solidified  ;  this   was   insoluble  in  light  petroleum,  but  easily  soluble 
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in  benzene  forming  a  purple  solution  from  which  the  chloride, 
SEt'Cf.H3Me*S0.,Cl,  crystallised  in  lemon  yellow,  elongated  plates 
melting  at  67°. 

0-15  gave  0-087  AgCl.      01  =  14-35,  theory  =  14-11. 

On  oxidation  with  potassium  permanganate  solution  at  40'',  the 
thio-ether  was  readily  converted  into  the  sulphone-sulphonate. 

The  barium  salt,  (EtSO./OoH3Me-S03)._,Ba  + SHgO,  obtained  from 
the  chloride  by  hydrolysis,  crystallised  from  water  in  moderately 
soluble  radiate  groups  of  long,  slender,  silky  needles. 

0-2255  lost  0-0154  HgO  at  220°.     H2O   =6-83,  theory  =    7-53. 
0-2101  dry  salt  gave  0-0751  BaSO^.    Ba  =  21-02,  theory  =  20-06. 

The  j)otassitmi  salt,  EtSO.,' CgHgMe'SOgK  +  HgO,  crystallised  from 
water  in  thin,  elongated,  glistening  scales.  It  melted  at  274 — 275°, 
decomposing  at  a  slightly  higher  temperature. 

0-3418  lost  0-02  H.O  at  180°      H2O  =  5-85,  theory  =  5-03. 
0-3218  dry  salt  gave  0-0916  K2SO4.     K=  12-79,  theory  =  12-91. 

Attempts  were  made  to  hydrolyse  this  salt  and  obtain  ethylpara- 
tolylsulphone,  but  without  success,  although  it  was  heated  with  water 
at  temperatures  up  to  270°  and  with  varying  strengths  of  dilute 
hydrochloric  and  sulphuric  acids,  at  temperatures  ranging  from  150° 
to  those  at  which  it  charred. 

The  chloride,  EtSOg'OgHgMe'SOgCl,  in  the  crude  state  was  a 
sulphur-yellow  solid  which  became  colourless  on  the  addition  of 
water.  It  dissolved  easily  in  benzene,  and,  on  evaporation  of  the  solvent, 
crystallised  in  colourless  plates  with  oblique  end  faces  and  a  waxy 
lustre,  and  melted  at  117°. 

0-1564  gave  00788  AgCl.     01  =  12-46,  theory  =  12-56. 

The  anilide,  EtSOo'OeHgMe-SOaNHPh,  crystallised  from  dilute 
alcohol  in  elongated  plates,  dissolved  easily  in  alcohol,  sparingly  in 
benzene,  and  melted  at  114°. 

0-6173  gave  23  c.c.  moist  nitrogen  at  21°  and  770  mm. 
N  =  4-40,  theory  =  4-13. 

The  crystals  were  examined  by  Mr.  W.  J.  Pope,  who  reported  as 
follows. 

"  The  crystals  are  small,  rhomb-shaped,  colourless,  transparent 
scales  of  waxy  lustre  ;  they  are  very  brittle,  and  the  extinction  in  the 
large  face  is  oblique.  A  section  cut  approximately  perpendicular  to 
the  large  face  is  perpendicular  to  the  acute  bisectrix  of  a  fairly  small 
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optic  axial  angle  ;  the  double  refraction  is  positive  in  sign.  After 
melting,  the  substance  solidifies  very  slowly  to  a  film  showing 
aggregate  polarisation." 


Toluene-2  :  4:-d{sulphon{c  Acid  from  Paratoluidine-2-sulj)honic  Acid  by 
the  Xanthate  Method. 

Toluene-2 : 4-disulphonic  acid  and  its  salts  were  described  by 
Hfikannson,  who  isolated  the  substance  from  the  mixture  of  disul- 
phonic  acids  obtained  on  sulphonating  toluene  {Ber.,  1872,  6,  1084). 
For  purposes  of  comparison,  we  prepared  it  from  paratoluidine-2- 
sulphonic  acid  by  the  xanthate  process.  The  reaction  between  the 
diazotised  acid  and  a  concentrated  solution  of  potassium  xanthate 
was  slow  at  0°,  but  proceeded  rapidly  at  the  ordinary  temperature. 
As  usual,  the  product  was  warmed  to  near  the  boiling  point,  and  on 
cooling  there  was  a  copious  separation  of  small,  crystalline  aggregates, 
which  seemed  to  decompose  during  purification  by  boiling  with 
charcoal.  The  recrystallised  substance  proved  to  be  the  disulphide, 
(S'CgH3Me*S03K),,  +  IIoO,  which  formed  radiate  groups  of  minute 
needles,  and  was  easily  soluble  in  water. 

0-1414  lost  0-005  H^O  at  150°.     H20  =  3-53,  theory -3-60. 
0-1364  dry  salt  gave"'00488  K2SO4.     K  =  16-04,  theory  =  1618. 

Both  the  disulphide  and  the  mother  liquor  were  boiled  with  suc- 
cessive small  quantities  of  alcoholic  potash  until  permanently  alkaline, 
and,  after  removal  of  the  alcohol,  oxidised  by  permanganate.  The 
amount  of  sulphone-sulphonate  obtained  was  very  small,  and  occurred 
in  the  final  mother  liquors  of  the  disulphonate.  The  potassium 
toluenedisulphonate  agreed  with  Hakannson's  description,  and  the 
yield  was  112  grams  from  400  grams  of  the  amido-acid. 

Barium  toluene-2  :  4-disulphonate,  C,3H3Me(S03)2Ba  -f  HoO,  prepared 
from  the  chloride  by  hydrolysis,  crystallised  in  small,  silky  needles, 
easily  soluble  in  water.  H^lkannson  obtained  prisms  crystallising 
with  (?)  2H2O. 

0-2756  lost  0-013  H^O  at  220°.     H20  =  4-72,  theory  =  4-44. 
0-2626  dry  salt  gave"  0-1583  BaSO^.     Ba  =  35-41,  theory  =  35-40. 

The  chloride,  CgH3Me( 80301)2,  was  easily  soluble  in  benzene  or 
ether,  and  crystallised  best  from  petroleum  (b.  p.  90 — 120°) ;  from 
this  solvent,  it  separated  in  lustrous,  elongated  prisms  or  prismatic 
needles,  which  melted  at  56°.  Hakannson  obtained  large,  four- 
sided  prisms  melting  at  51 — 52°. 

The  (uiilide,  CVH.,i\le(802NllPh)2,  which   crystallised  from  dilute 
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alcohol  in  small  prisms,  and  from  benzene  in  minute  tufts  of  needles, 
dissolved  easily  in  alcohol  and  ether,  sparingly  in  benzene,  and 
melted  at  187^. 

0-4126  gave  25-8  c.c.  moist  nitrogen  at  24-5°  and  760  mm. 
ISr  =  7-2,  theory  =  6-96. 

Mr.  W.  J.  Pope  made  the  following  report  on  the  crystals, 

"This  substance  crystallises  from  acetone  in  colourless,  flattened 
plates  which  possess  a  glassy  lustre  and  belong  to  the  monosymmetric 
system  (Fig.  4)  ;  the  crystals  are  some  2  mm.  in  length  and  0-5  mm.  in 
thickness.  The  pinacoid  £{010},  which  is  the  tabular  form,  is  pre- 
dominant, and  gives  fairly  good  results  on  measurement ;  the  form 
p{110}  is  usually  well  developed,  and  the  measurements  obtained 
from  it  are  good.  The  pinacoid  c{001}  is  generally  large,  whilst  the 
form  r{I01}  is  always  small,  but  brilliant.  The  small  size  of  the 
crystals  prevented  sections  being  cut,  and  no  interference  figure 
could  be  observed  through  6{010}  on  microscopical  examination;  the 
extinction  in  5(010)  makes  23^  with  the  edge  he,  and  76°  with  the 
edge  hp. 

"  Crystalline  System. — Monosymmetric. 

a:6:c  =  0-6106:l:0'5384. 
y8  =  53°31-5' 

''Fwms  ohsei-ved.—h'filQ)],  c{001},  ;>{110}  and  r[T01}. 

Fig.  4. 


"  The  following  angular  measurements  were 

obtained. 

Angle. 

Number  of 
observations. 

Limits.                     Mean. 

Calculated. 

hp  =  010  :110 
;3^  =  110:110 
cp  =001  :110 
cp  =001 -WO 
cr=001  :101 
cr  =001  :101 
j?>-  =  110:101 
2?r  =  110:101 

42 
36 
40 
32 
39 
24 
17 
8 

63"  2'—  64^47' 
51  32—  52  59 
57    1  —  58  50 

121  37—122  58 
55  12—  57    0 

123  7—124  36 
71  42—  72  56 

106  47—108    1 

63°51' 
52  15 
57  45 

122  17 
56    8 

123  50 
72  27 

107  28 

52°18' 

122  15 

123  52 
72  25-5 

107  34-5" 
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The  sulphone-sulphonate,  EtS02'CgH3Me'SO.jK  +  H20,  crystallised 
in  very  soluble  clusters  of  thin  scales,  and  fused  at  264 — 266°.  The 
quantity  obtained  was  too  small  to  allow  of  the  preparation  of  the 
chloride  or  other  derivatives. 

0-1669  lost  0-0095  HoO  at  200°.     Yi..p  =  ^-^'d,  theory  =  5-62. 
0-1574  dry  salt  gave  0-0452  K^^O^.  "  K=  12-87,  theory  =  12-91. 

Toluene-2  :  4:-disulj)ho7i{c  Acid  from  OrthotoluidineA-sulphonic  Acid  by 
the  Xanthate  Method. 

Claus  and  Immel  deduced  the  constitution  of  their  orthotoluidine- 
sulphonic  acid  from  a  comparison  of  its  bromine  derivatives  with 
those  prepared  by  Hayduck  (Annalen,  1874,  172,  211)  from  the 
product  of  reduction  of  orthonitrotolueneparasulphonic  acid  (Beilstein 
and  Kuhlberg,  Annalen,  1870,  155,  11).  To  obtain  confirmation  of 
this  view  by  an  independent  method,  we  converted  the  acid  into 
toluene-2 : 4-disulphonic  acid  by  the  xanthate  process  already  de- 
scribed. The  xanthate  derivative  did  not  separate  from  solution  in 
sufficient  quantity  to  admit  of  recrystallisation.  As  in  the  case  of 
paratoluidine-3-sulphonic  acid  and,  to  a  less  degree,  in  that  of  ortho- 
toluidine-5-sulphonic  acid,  a  considerable  amount  of  the  thio-ether 
separated  from  the  alkaline  liquors  left  after  hydrolysis  with  succes- 
sive small  quantities  of  alcoholic  potash,  and  subsequent  removal  of 
the  alcohol  by  distillation.  The  mother  liquors  were  oxidised  by 
permanganate,  and  the  potassium  toluenedisulphonate  obtained  by 
fractional  crystallisation.  The  barium  salt,  with  1H,_,0,  and  the 
potassium  salt,  also  IHgO,  of  the  disulphonic  acid,  like  the  chloride, 
melting' at  56°,  and  the  anilide,  melting  at  187°,  agreed  in  every 
particular  with  the  corresponding  derivatives  of  toluene-2  : 4-disul- 
phonic acid  pi-epared  fx'om  paratoluidine-2-sulphonic  acid.  The  yield 
of  potassium  disulphonate  was  81  grams,  and  of  the  thio-ether  more 
than  42  grams  from  300  grams  of  the  amido-acid.* 

The  fZmt?j?/«cZe  (S'CgH.^Me'SO.^K),-}-!!,©,  was  obtained  only  when 
the  requisite  amount  of  potash  was  added  to  the  solution  of  the 
xanthate  derivative  in  one  quantity,  and  the  product,  after  hydrolysis 
and  removal  of  the  alcohol,  acidified  with  dilute  sulphuric  acid. 
This  reversion  to  the  exact  details  of  Leuckart's  process  {loc.  cit.,  218) 
was  accompanied  by  an  unexpectedly  poor  yield  of  the  disulphonate, 
so  that  it  was  not  followed  in  more  than  one  experiment.  The 
disulphide  crystallised  from  water  in  small  aggregates  of  minute, 
glistening  scales,  and  was  very  soluble  in  water, 

*  In  one  experiment,  the  diazotisation  of  the  amido-acid  was  not  complete,  and 
a  small  amount  of  an  azo-derivative  was  obtained,  which  crystallised  from  water  in 
red  needles  of  the  composition  S03K'CgH3Me'N  ;  N'CellsMe'SOjK  +  HjO. 
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0-1658  lost  0-0056  H^O  at  170^.     H20  =  3-38,  theory  =  3-60. 
0-1602  dry  salt  gave  0-0574  K^SO^.  "  K  =  16-06,  theory  =  16-18. 

The  thio-ether,  SEt-C.jH^Me-SOgK  +  UH.O,  crystallised  in  very 
small  scales,  was  easily  soluble  in  water,  and  formed  an  oily  chloride 
which  could  not  be  made  to  crystallise. 

0-248  lost  0-0236  H,0  at  180°.     HgO^Q-Sl,  theory  =  9-09. 
0-2244  dry  salt  gave  0-0715  K.^SO^.  K  =  14-28,  theory  =  14-44. 

The  sulphone-sulphonate,  EtSO^'CgHgMe'SOgK +  iH20,  was  very 
soluble  in  water,  and  crystallised  slowly  from  dilute  alcohol  in  large, 
transparent  prisms. 

0-1244  lost  0-0046  at  200°.     H.p  =  3-7,  theory -2-9. 

0-1198  dry  salt  gave  0-034  KgSO^.     K  =  12-72,  theory  =  12-91. 

The  chloride,  EtS0.2'C^H3Me-S02Cl,  which  crystallised  in  radiate 
groups  of  elongated  plates  from  a  solution  in  benzene  that  was 
allowed  to  evaporate  very  slowly,  was  very  sparingly  soluble  in  light 
petroleum,  and  melted  at  77°. 

0-1507  gave  00791  AgCl.     CI -12-98,  theory  =12-56. 


Toluene-2  :  d-disuljjhonic  Acid  from  Orthotoluidine-5-sulphomc  Acid  by 
the  Xanthate  Method. 

ToIuene-2  : 5-disulphonic  acid  was  recognised  by  Hakannson  as  a 
product  of  the  sulphonation  of  toluene  [Ber.,  1872,  5,  1088),  and 
obtained  by  Klason  from  the  thiocresolsulphonic  acid  prepared  from 
diazotised  orthotoluidine-5-sulphonic  acid  by  interaction  with  potassium 
sulphide  {Ber.,  1887,  20,  352).  We  prepared  it,  for  purposes  of  com- 
parison, from  the  amido-acid  by  the  xanthate  process  already  described. 
The  xanthate  derivative,  SOgK-C^HgMe-S-CS-OEt  +  H^O,  crystallised 
in  very  small,  hexagonal  scales,  and  was  easily  soluble  in  water. 

0-4733  lost  0-0251  H^O  at  120°.     H2O  =  5-30,  theory  =  5-17. 
0-3380  dry  salt  gave  0-0872  KgSO^.    K  =  1 1  -56,  theory  =  1 1  -82. 

The  yield  of  the  crystallised  xanthate  was  27  gi-ams  from  60  grams 
of  the  amido-acid,  and  the  mother  liquor  was  not  further  examined. 
This  was  hydrolysed  with  successive  small  quantities  of  alcoholic 
potash  until  the  solution  was  permanently  alkaline,  and  after  removal 
of  the  alcohol  by  distillation,  a  residue  was  obtained  which  was 
crystallised  from  water.  The  product  was  not  uniform,  the  less 
soluble  portion  giving,  on  analysis,  numbers  corresponding  with 
those   required    for   the    percentage  of    potassium    in    the  thio-ether, 
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SEt-CgHgMe-SOgK  (K- 14-41— 14-54  ;  theory  =  14-44),  whilst  the 
more  soluble  portion,  crystallising  in  clusters  of  very  slender  needles,  had 
the  composition  of  the  expected  disulphide  (S*CQH3Me*SOgK)2  + 2H2O. 

0-2042  lost  0-0146  H^O  at  150°.     H20  =  7-15,  theory  =  6-95. 
0-1896  dry  salt  gave  0-0672X280^.    k  =  15-89,  theory  =  16-25. 

The  disulphide  and  the  liquors  from  which  it  had  been  crystallised 
were  oxidised  by  potassium  permanganate  solution,  and  the  resulting 
disulphonate  converted  into  chloride,  from  which  the  barium  and 
potassium  salts  were  obtained  subsequently  by  hydrolysis.  The  yield 
of  crude  potassium  salt  was  72  grams  from  120  grams  of  the  crys- 
tallised xanthate  derivative. 

The  barium  and  potassium  toluene-2  : 5-disulphonates,  both  with 
IH2O,  agreed  with  Klason's  description. 

The  chloride,  CgH3Me(S02Cl)2,  crystallised  from  benzene  or  from  a 
mixture  of  benzene  and  light  petroleum  in  four-sided  plates  arranged 
in  groups  of  three  or  four  on  a  common  axis.  It  dissolved  readily 
in  benzene,  chloroform,  ethylic  acetate,  and  ether,  sparingly  in  light 
petroleum,  and  melted  at  98°,  instead  of  96°  as  stated  by  Klason. 

Mr.  W.  J.  Pope  made  the  following  report  on  the  crystals. 

"  The  substance  readily  solidifies  after  melting,  giving  a  film  con- 
sisting of  a  confused  mass  of  crystals  which  mostly  shows  aggregate 
polarisation  ;  part  of  the  film,  however,  consists  of  long  needles,  the 
upper  faces  of  which  are  perpendicular  to  the  acute  bisectrix  of  a  very 
small  optic  axial  angle.  The  double  refraction  is  positive  in  sign  ; 
the  needles  are  full  of  pinholes  and  cracks." 

The  anilide,  CgH3Me(S02NHPh)2,  crystallised  from  benzene  and  from 
dilute  alcohol  in  slender,  prismatic  needles,  and  was  easily  soluble  in 
ether  and  in  alcohol,  less  so  in  benzene,  and  almost  insoluble  in  light 
petroleum.     It  melted  at  178°. 

0-3616  gave  22-1  c.c.  moist  nitrogen  at  23-5°  and  762  mm. 
N  =  7-07,  theory  =  6-96. 

The  thio-ether,  which  formed  tha  minor  product  of  the  hydrolysis  of 
the  xanthate  derivative,  was  also  oxidised  by  potassium  permanganate 
solution,  and  the  sulphone  examined. 

The  sulphone-sulphonate,  EtSOg'CgHgMe'SOgK,  crystallised  in  well- 
developed,  anhydrous  rhombs,  and  was  less  soluble  in  water  than  the 
lotassium  disulphonate. 

0-2402  lost  0-0005  at  170°,  and  gave  0  0676  K2S0^. 
K=  12-61,  theory=  12-91. 

The  chloride,  EtS02'  CgHgMe"S02Cl,  was  very  soluble  in  benzene,  but 
almost  insoluble  in  light  petroleum,  and  separated  from  a  mixture  of 
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the  two  as  an  oil,  which,  on  spontaneous  evaporation  of  the  solvent 
crystallised  in  minute  prisms  melting  at  73°. 

0-1056  gave  0-0542  AgCl.     CI  =  12-70,  theory  -  125G. 

ToIuene-3  : 5-disulphonic  and  toluene-2  :  6-disulphouic  acids  are  de- 
scribed incidentally  in  connection  with  orthotoluidine-3  : 5-disulphonic 
and  parachlorotoluene-2  :  6-disulphonic  acids  respectively. 

III.  Chlorotoluenesulphonic  Acids. 

The  parachlorotoluenesulphonic  acids  hitherto  described  by  A'^ogt 
and  Henninger  (Ann.  Chim.  ph)/s.,  1872,  [iv],  27,  130),  by  Hiiljner 
and  Majert  {Ber.,  1873,  6,  793),  and  by  one  of  us  (Trans.,  1892,  61, 
1078)  have  been  isolated  fi"om  the  mixture  of  acids  obtained  on 
sulphonating  parachlorotoluene.  As  the  chlorotoluene  employed  by 
Vogt  and  Henninger  was  prepared  by  chlorinating  toluene  in  the 
presence  of  iodine,  the  a-  and  /3-salts  described  could  not  both  be  pure 
substances.  The  A  and  B  salts  obtained  by  one  of  us  were  recognised 
as  probably  still  impure  (loc.  cit.,  1082),  and,  like  Hiibner  and  Majert's 
■a-  and  /8-salts  (with  which  they  did  not  agree),  differ  in  composition 
and  crystalline  form  from  the  pvire  1:4:3-  and  1:4:  2-salts  prepared 
from  the  corresponding  paratoluidinesulphonic  acids  by  Sandmeyer's 
method.  These  series  of  salts  must  be  regarded  as  no  longer  possess- 
ing any  value  other  than  that  of  illustrating  the  tenacity  with  which 
the  isomeric  bai-ium,  calcium,  and  lead  salts  respectively  cling  together 
in  spite  of  the  great  difference  in  their  solubility. 

Parachlorotoluene-3-sid2)honic  Acid. 

Parachlorotoluene-3-sulphonic  acid  was  prepared  by  stirring  diazo- 
tised  paratoluidine-3-sulphonic  acid  into  a  lukewarm  solution  of  cuprous 
chloride  in  hydrochloric  acid,  and  afterwards  heating  the  product  to 
the  boiling  point  ]  the  most  convenient  method  is  to  add  the  x^equisite 
quantity  of  hydrochloric  acid  to  a  solution  of  the  potassium  salt, 
diazotise  with  potassium  nitrite  solution  without  filtering,  and  mix  the 
whole  with  the  cuprous  chloride  solution.  By  this  means,  a  consider- 
able proportion  of  the  substance  crystallised  as  potassium  salt  from 
the  strongly  acid  solution  on  cooling,  and  the  remainder  could  be 
recovered  from  the  mother  liquors  in  the  usual  way. 

The  barium  salt,  (CgH3MeCl'S03)oBa-f-H20,  obtained  either  by 
hydrolysis  of  the  chloride  with  baryta,  or  by  precipitating  a  concen- 
trated solution  of  the  potassium  salt  with  bai-ium  chloride,  crystallised 
in    two   forms.     The  first   consisted    of   thin    scales,  with  IHoO,  the 
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second  aud  more  usual  form  of  elongated,  irregular,  prismatic  forms 
or,  by  slow  crystallisation,  of  aggregates  of  rectangular  prisms,  with 
2H2O,  which  became  opaque  on  exposure  to  air,  losing  IHgO.  One 
part  of  the  salt  dissolved  in  about  10  parts  of  water  at  15°. 

0-4968,  prisms,  gave  0-0322  H.O  at  200°.     H20  =  6-48,  theory  =  6-16. 
0-326,effloresced  prisms,  gave  0-01  HgO  at  200°.  H2O  -  3-07,  theory  -  3-18. 
0-45,  scales,  gave  0-0142  HgO  at  200°.     H20  =  3-15. 
0-4358  dry  salt  gave  0-1856  BaSO^.     Ba  =  25-03,  theory  =  25-00. 

The  potassium  salt,  CgHoMeCl'SOgK  +  H.^O,  crystallised  in  well  de- 
fined, rectangular  plates  often  aggregated  together,  forming  large 
crystals,  or  occasionally  from  slightly  alkaline  solutions  as  a  mass  of 
slender  needles  which  slowly  changed  into  the  prismatic  form  when 
allowed  to  remain  in  the  mother  liquor. 


0-4416,  needles,  lost  0-0306  H20at  180°.  H,0=-6-93 
0-3142,  plates,  lost  0-0216  H.O  at  180°.    H20  =  687 


[■theory -6-85. 

0-2926  dry  salt  gave  0*1038  K^SO^.     K  =  15-91,  theory  =  15-95. 

The  sodium  salt,  CgHgMeCl'SOgNa  +  H.,0,  crystallised  in  very 
slender  needles,  or  from  more  dilute  and  slightly  alkaline  solutions  as 
a  mixture  of  needles  with  well-defined,  flat  pi-isms  which  grew  at  the 
expense  of  the  former  until  prisms  alone  were  present. 

0-518,  prisms,  lost  0-039  HgO  at  180°.    H20  =  7'53.  )  _^ 

0-4324,  needles,  lost  0-0314  H.O  at  180°.    H2O  =  7-26.  /  ^^^^^^  ~  ' 
0-401  dry  salt  gave  0-1256  Na2S04.     Na=  10-14,  theory  =  10-06. 

The  chloride,  CgH3MeCl*S02Cl,  which  was  very  soluble  in  benzene 
and  in  ether,  crystallised  from  light  petroleum  in  large,  elongated, 
hexagonal  plates,  often  2 — 3  mm.  thick  and  25 — 30  mm.  long,  and 
melted  at  56°. 

0-1118  gave  0-1433  AgCl.     01  =  31-70,  theory  =  31-55. 

The  ami(fe  crystallised  from  dilute  alcohol  in  flat,  dull  looking 
plates,  shaped  like  spear  heads,  and  melted  at  1 56°. 

The  anilide,  CeH3MeCl'S02NHPh,  crystallised  from  alcohol  in 
prisms  which  were  much  smaller  than  those  of  the  1:4: 2-isomeride, 
and  only  about  one-tenth  as  soluble  in  the  boiling  solvent.  It  was 
almost  insoluble  in  light  petroleum,  but  about  twice  as  soluble  in  hot 
benzene  as  the  1 :4:2-isomeride.  It  melted  at  188'^,  and  a  mixture  in 
equal  proportions  with  the  1 : 4 : 2-isomeride,  after  fusion  and  solidifica- 
tion, melted  at  161 — 165". 

0-5508  gave  24-1  c.c.  moist  nitrogen  at  19°  and  759  mm. 
N  =  5-1 2,  theory  =  4-97. 
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Mr.  W.  J.  Pope  examined  the  crystals  and  reported  as  follows. 

"  The  crystals  consist  of  small,  colourless,  transparent,  monosym- 
metric  prisms  or  needles  showing  the  forms  7;}  110}  and «/ [Oil  {  ;  the  angle 
110:TlO  is  66°  40'.  The  extinction  through  the  form ;;J  110}  is  oblique 
to  the  zone  axis,  and  one  optic  axis  can  be  observed  emei-ging  just  out- 
side the  microscope  field.  After  melting,  the  substance  solidifies 
readily  to  a  rather  opaque  film,  showing  a  few  broad,  flat  plates 
amongst  the  rather  confused  crystalline  mass ;  these  are  nearly  per- 
pendicular to  the  acute  bisectrix  of  a  large  optic  axial  angle.  The 
double  refraction  is  negative  in  sign,  and  the  film  cracks  very  much 
during  cooling." 

Parachlorotoluene- 2-sul2)honic  Acid. 

Parachlorotoluene-2-sulphonic  acid  was  obtained  by  stirring  diazo- 
tised  paratoluidine-2-sulphonic  acid  into  a  lukewarm  solution  of  cuprous 
chloride  in  hydrochloric  acid  and  afterwards  heating  the  product  to 
boiling  point,  following  the  method  already  described. 

The  barium  salt,  (C^H3MeCl*S03)2Ba  + H2O,  was  first  described  by 
Jennsen  {Anncden,  1874,  172,  239),  who  obtained  it  in  small  scales, 
with  IHgO.  It  was  easily  prepared  by  precipitating  a  solution  of 
the  potassium  salt  with  barium  chloride,  as  one  part  requires  about 
one  hundred  parts  of  water  for  solution  at  15°.  The  crystalline  form 
seemed  to  depend  largely  on  the  temperature.  When  crystallised 
from  hot  solutions,  the  salt  separated  only  in  lustrous  scales,  but 
when  the  temperature,  during  cooling,  fell  to  about  50°  the  crystals 
were  of  a  mixed  appearance  owing  to  the  deposition  of  small,  prismatic 
aggregates,  and  frequently  the  salt  could  be  made  to  separate 
exclusively  in  the  latter  form  by  employing  solutions  of  such  a 
strength  that  crystallisation  did  not  begin  until  the  temperature  had 
fallen  below  this  point.  Either  form  could  be  converted  into  the 
other  by  observing  these  conditions,  and  the  only  difference  noticed 
between  them,  apart  from  their  appearance,  was  the  fact  that  the 
crystalline  aggregates  contained  slightly  less  water  of  crystallisation 
(2"85— 3"1  per  cent.)  than  the  scales. 

0-533,  aggregates,  lost  0-016  H^O  at  200°.  H,0  =  3-00,  theory  =  3-18. 

0-518,  scales,  lost  0-017  B.f>  at  200°.     H^O  =  3-28. 

0-501  dry  salt  gave  0-213  BaSO^.     Ba  =  24-99,  Ba  =  25-00. 

The  potassium  salt,  CgH^MeCl-SOgK,  crystallised  in  radiate  groups 
of  long,  anhydrous,  prismatic  needles,  and  was  easily  soluble  in 
water. 

0-482  lost  0-0012  at  180°  and  gave  0'1708  KgSO^. 

K=  15-88,  theory  =15-95. 
VOL.    LXXIII  3    F 
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The  sodium  salt,  C^;H3Me01•S03K  +  ^HgO,  crystallised  from  water 
in  easily  soluble,  rectangular,  lustrous  scales. 

0-4584  lost  00178  H,0  at  180°.     H^O-S-SB,  theory  =  3-80. 
0-4406  dry  salt  gave  0-137  Na^SO^.     N'a=  10'07,  theory  =  10-06. 

The  chloride,  CgHgMeCl'SOgCl,  when  first  obtained,  was  an  oil  at 
the  ordinary  temperature,  and  was  easily  soluble  in  benzene,  ether,  or 
light  petroleum.  On  cooling  in  a  freezing  mixture,  it  crystallised  in 
large,  f oui^-sided,  thin,  elongated  plates,  which  when  freed  from  adhering 
oil,  fused,  again  cooled,  and  the  process  repeated  four  or  five  times, 
were  found  to  melt  constantly  at  24°. 

0-2704  gave  0-3446  AgCl.     01  =  31-52,  theory  =  31 -55. 

The  amide  crystallised  from  dilute  alcohol  in  long,  slender  needles, 
and  melted  at  142°.  That  prepared  by  Heffter  from  paratoluidine^ 
2-sulphonamide  melted  at  138°  (Annalen,  1883,  221,  209). 

The  anilide,  O^HyMeOl'SOgNHPh,  crystallised  from  alcohol  in 
plates  which  not  infrequently  were  aggregated  together,  form- 
ing massive  ciystals.  It  dissolved  easily  in  alcohol  or  ether, 
slightly  in  benzene,  very  sparingly  in  light  petroleum,  and  melted 
at  144°. 

0-4169  gave  18-8  c.c.  moist  nitrogen  at  20°  and  751  mm. 
N  =  5-21,  theory  =  4-97. 

IMr.  W.  J.  Pope  examined  the  crystals  and  reported  as  follows. 

"  The  crystals  are  large,  transparent  plates,  belonging  to  the  mono- 
symmetric  system  ;  they  are  very  brittle  and  possess  a  glassy  lustre. 
The  dominant  form  is  the  pinacoid  «{100},  the  faces  of  which  give 
good  reflections;  the  form  ^{011}  is  smaller  and  the  faces  are  not  so 
plane  as  those  of  ajlOO}.  The  prism ^;{110}  is  small,  and  the  pinacoid 
6{010}  is  only  rarely  observed. 

**  The  optic  axial  interference  figure  is  observed  on  microscopic 
examination  through  a{100},  the  acute  bisectrix  being  nearly  perpen- 
dicular to  this  face  ;  the  axis  h  is  the  obtuse  bisectrix,  the  optic  axial 
angle  is  fairly  lax-ge,  and  there  is  marked  inclined  optic  axial  dis- 
persion.    The  double  refraction  is  negative  in  sign. 

"After  melting,  the  substance  soldifies  readily,  crystallising  from 
centres  in  broad  plates,  which  are  mostly  perpendicular  to  the  bisectrix 
of  a  large  optic  axial  angle  ;  the  bisectrix  is  of  positive  double  refraction 

"  Crystalline  System. — Monosymmetric. 

rt:6:c  =  1-5711  : 1 :  0-9254. 
y8  =  74°51-5'. 

"F(yrms  observed.— a{lOO},  b{010},  ;>[110},  and  <7[011}. 

"  The  following  angular  measurements  were  obtained. 
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Angle. 

Number  of 
observations. 

Limits. 

Mean. 

Calculated. 

rtp=:100:110 

32 

55°17'—  57°40' 

56°36' 

&;;=:010  :110 

24 

32  11—  34  31 

33  17 

33°24' 

pp=UO:UO 

18 

65  52  —  67  28 

66  38 

66  48 

pp  =  UO  :110 

9 

112  36—114    1 

113  24 

113  12 

bq  =010:011 

25 

47  42—  49  13 

48  30 

48  13'5 

qq  =011  :011 

29 

95  56  —  97  39 

96  41 

96  27 

qq  =011:011 

38 

82  47—  84  22 

83  33 



aq  =100  :011 

31 

77  45—  79  54 

78  46 

— 

2)q  =110:011 

12 

47  59  —  49  26 

48  47 

48  26*5 

pq  =110:011 

7 

62    8—64  15 

63    3 

63  IS -5  " 

As  the  respective  chlorides  and  anilides  of  the  two  parachloro- 
toluenesulphonic  acids  exhibited  marked  differences  in  solubility  and 
melting  points,  experiments  were  made  to  investigate  the  possibility  of 
separating  the  1:4:  S-componnd  from  mixtures  containing  known  pro- 
portions of  the  two  isomerides. 

The  1:4:  3-chloride  was  dissolved  in  its  isomeride  by  fusion,  and 
the  mixture  allowed  to  crystallise  either  at  the  ordinary  temperature 
or, when  necessary,  in  a  freezing  mixture,  the  crystalline  mass  in  the 
latter  case  being  allowed  to  assume  a  temperatui'e  of  15°  to  remove 
the  more  fusible  portion  before  filtration.  Four  pi'oportions  were 
used,  namely,  5  grams  of  the  1  : 4  :  3-chloride  to  5,  10,  15  and  20 
grams  respectively  of  the  1:4:  2-compound  ;  the  crystals  separated 
weighed  approximately  3,  1,  0'7,  and  03  grams,  and  the  melting 
points  were  39—40°,  28°,  22—23°  and  20—21°  respectively.  These 
experiments  were  not  carried  further,  and  may  serve  to  explain  the 
inconclusive  results  obtained  by  one  of  us  in  dealing  with  the 
chlorides  obtained  from  salts  which  must  now  be  regarded  as  mixtures 
of  the  two  isomerides  [loc.  cit.,  1081). 

The  mixed  anilides  were  dissolved  in  the  minimum  quantity  of 
boiling  alcohol,  3  grams  of  the  1:4:  3-compound  being  used  with  3,  6, 
9,  and  12  grams  of  the  1:4:  2-derivative.  The  first  mixture  dissolved 
in  70  c.c.  and  the  last  in  85  c.c.  of  hot  alcohol.  Two  crystalline 
deposits  were  obtained  in  each  case,  the  first  in  striated,  irregular, 
elongated  prisms  while  the  solution  was  warm,  the  second  in  small, 
well-developed  prisms  after  the  mother  liquor  had  been  allowed  to 
remain  overnight.  The  crystals  deposited  were  found  to  have  the 
following  approximate  weights  and  melting  points:  (1)  2  grams, 
melting  at  172—173°;  1  gram  melting  at  169—170°;  (2)  2-5  grams, 
melting  at  163—164°;  2  grams  melting  at  159°;  (3)  2-5  grams, 
melting  at  158°;  4  grams  melting  at  155 — 156°;  (4)  3-5  grams, 
melting  at  154 — 156°;  65  grams  melting  at  150 — 151°,  a  further 
separation  in  this   case  being  obtained  by  adding  water  to  the  hot 
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mother  liquor,  whereby  au  additional  45  grams  was  obtained  as  a 
crystalline  powder  melting  at  144 — 145°.  The  first  two  portions 
obtained  in  the  fourth  experiment  were  recrystallised,  and  after  seven 
repetitions  gave  0"6  gram  melting  at  186°.  The  method,  although  it 
indicated  the  presence  of  the  1:4:  3-isomeride  in  mixtures  containing 
even  as  little  as  10  per  cent,  by  the  fact  that  the  first  crop  of  crystals 
had  a  melting  point  higher  than  that  of  the  1:4:  2-isomeride,  was 
evidently  of  little  value  as  a  means  of  estimating  its  amount. 

Orthochlorotoluene-i-sulphonic  Acid. 

Paysan  obtained  an  acid  which  he  regarded  as  orthochlorotoluene- 
4-sulphomc  acid  by  heating  orthochlorotoluene-4-sulphonamide,  pre- 
pared from  orthotoluidine-4-sulphonamide,  with  hydrochloric  acid  at 
150°  during  several  hours.  Although  the  amide  had  the  same  pro- 
perties as  that  described  below,  the  bai'ium  and  potassium  salts  are 
stated  to  be  anhydrous,  and  the  chloride  an  uncrystallisable  oil,  even 
at  low  temperatures  {Annalen,  1883,  221,  212). 

We  prepared  the  acid  by  stirring  diazotised  orthotoluidine-4-sul- 
phonic  acid  into  a  lukewarm  solution  of  cuprous  chloride  in  hydrochloric 
acid,  and  afterwards  heating  the  product  to  boiling,  following  the 
method  already  described. 

ThQ  barium  salt,  (CgH3MeCl*S03)2Ba  + H.^0,  crystallised  in  small, 
thin,  elongated  scales,  and  was  fairly  soluble  in  water, 

0-3108  lost  0-0108  HgO  at  180°.     H20  =  3-47;  theory  =  3-18. 
0-3  dry  salt  gave  0-1277  BaSO^.     Ba  =  25-02  ;  theory  -  25-00. 

Tl\ie  potassium  salt,  CjjH.^MeCl'SOaK  +  vHoO,  crystallised  in  large, 
elongated,  hexagonal  plates,  or  from  more  concentrated  solutions  in 
glistening  scales,  and  was  moderately  soluble  in  water. 

0-4874  lost  0-0168  H,0  at  180°.     H20  =  3-45;  theory  =  3-55. 
0-4706  dry  salt  gave  0-1668  K^SO^.  "  K=  15-88;  theory  =  15-95. 

The  sodium  salt,  CgH3MeCl'S0,jlSra+  ?rH.jO,  crystallised  in  thicker 
but  smaller  plates  than  the  potassium  salt,  and  was  about  equally 
soluble  in  water, 

0-455  lost  00186  II„0  at  180°.     HoO  =  4-09;  theory  =  3-79. 
0-4364  dry  salt  gave"  0*1354  Na^SO^'.     Na  -  10-01  ;  theory  =  10-06. 

The  c/i^r«Ze,  CgHyMeCl'SO^Cl,  dissolved  easily  in  the  usual  solvents, 
and,  on  slow  evaporation  of  its  solution  in  light  petroleum,  crystallised 
in  long,  massive  prisms,  often  clustered  together  in  divergent,  fan-like 
rays  composed  of  from  three  to  six  crystals.     It  melted  at  37°. 

0141 2  gave  0-1776  AgCl.     Cl  =  31-ll  ;  theory  =  31-55, 
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The  amide  crystallised  from  dilute  alcohol  in  long,  slender  needles, 
and  melted  at  134° 

The  anilide,  C^^H^MeCl'SOgNHPh,  dissolved  easily  in  benzene, 
alcohol,  ether,  chloroform,  acetone,  and  ethylic  acetate,  but  sparingly 
in  light  petroleum,  and  crystallised  best  from  alcohol  in  prisms,  which 
at  first  had  the  appearance  of  hexagonal  plates.     It  melted  at  96^. 

0'4309  gave  19  c.c.  moist  nitrogen  at  18°  and  755  mm, 
N-5-15;  theory  =  4-97. 

Mr.  W.   J.  Pope  examined  the  crystals,  and  reported  as  follows. 

"The  crystals  consist  of  small,  brown,  rhomb-shaped  plates;  they 
are  lustrous,  transparent,  and  very  brittle,  and  the  extinction  bisects 
the  angles  of  the  rhomb.  No  optic  axial  interference  figure  could  be 
observed.  After  melting,  the  cooled  mass  solidifies  very  slowly,  giving 
a  film  showing  aggregate  polarisation." 

Orthochlorotoluene-  5  -sidj^honic  A  cid. 

The  salts  of  this  acid  have  been  described  (Trans.,  1892,  61,  1040, 
1073).  As  the  amide  melted  at  128°,  within  6°  of  its  isomeride,  the 
anilide,  CgHgMeCl'SOoNHPh,  was  prepared  for  purposes  of  com- 
parison. It  resembled  the  1:2:  4-isomeride  in  its  solubility  in  the 
usual  solvents,  crystallising  from  most  of  them  in  thin,  irregular 
scales.  From  alcohol,  it  crystallised  in  small,  well  developed  prisms 
melting  at  92°.  On  fusion  with  an  equal  proportion  of  the  1:2:4- 
anilide,  a  mixture  was  formed  which,  after  solidification,  melted  con- 
stantly at  75—76°. 

0-4531  gave  19 "6  c.c.  moist  nitrogen  at  20°  and  755  mm. 
N  =  5-02;  theory  =  4-97. 

Mr.  W.  J.  Pope  made  the  following  report  on  the  crystals. 

"  The  crystals  consist  of  small,  brown,  transparent,  rhomb-shaped 
plates  belonging  to  the  anorthic  system ;  the  extinction  through  the 
large  face  is  oblique,  and  this  face  is  nearly  perpendicular  to  the 
acute  bisectrix  of  a  large  optic  axial  angle ;  the  double  refraction  is 
negative  in  sign,  and  the  optic  axial  dispersion  marked.  After 
melting  and  cooling,  the  solid  film  is  found  to  consist  of  brush-like 
crystalline  forms  containing  a  number  of  broad  individual  flakes  ;  some 
of  the  latter  are  nearly  perpendicular  to  an  optic  axis." 

lY.  Chlorotoluenedisulphonic  Acids. 

The  chlorotoluenedisulphonic  acids  described  in  this  section  were 
obtained  by  heating  the  isomeric  potassium  chlorotoluenesnlphonates 
at  150°  during  2  hours  with  anhydrosulphuric  acid  containing  sufli- 
cient  dissolved  anhydride  to  effect  the  sulphonation.     The  products  in 
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each  case,  after  cooling,  were  poured  on  to  crushed  ice,  mixed  with 
alcohol  to  remove  as  much  potassium  hydrogen  sulphate  as  possible, 
and  the  filtrates,  after  removal  of  the  greater  part  of  the  alcohol, 
converted  into  barium  salts.  These,  after  fractional  crystallisation 
to  a  limited  extent,  were  converted  into  potassium  salts,  care  being 
taken  to  extract  the  barium  sulphate  residues  obtained  during 
neutralisation,  by  boiling  them  with  dilute  potassium  carbonate  solu- 
tion. As  excess  of  alkali  seemed  to  impede  the  separation  of  the 
isomeric  salts,  it  was  in  every  case  removed  by  carefully  neutralising 
with  sulphuric  acid,  and  precipitating  the  potassium  sulphate  with 
alcohol.  Preliminary  experiments  with  the  potassium  paraehloro- 
toluenesulphonates  seemed  to  indicate  that  20  per  cent,  anhydro- 
sulphuric  acid  effected  complete  sulphonation  ;  this,  however,  was  not 
the  case,  as  some  25  per  cent,  of  the  monosulphonate  was  recovered 
unchanged.  As  the  object  of  the  investigation  was  the  quantitative 
determination  of  the  constituents  in  the  mixture  of  monosulphonic 
acids  obtained  from  toluene,  the  sulphonation  would  have  been 
repeated  with  30  per  cent,  anhydrosulphuric  acid,  but  for  the  tedious 
nature  of  the  separation ;  the  results  obtained,  however,  may  be 
regarded  as  sufficiently  accurate  for  the  purpose,  even  though  the  con- 
version into  disulphonic  acids  was  incomplete. 

Suljyhonation  of  Potassium  Parachloroioluene-S-sulpfionate. 

After  preliminary  trials,  50  grams  of  potassium  parachlorotoluene- 
3-sulphonate  wei^e  svilphonated,  and  the  product  separated  by  fractional 
crystallisation  into  29  grams  of  potassium  3  :  5-disulphonate,  13  grams 
of  potassium  2  : 5-disulphonate,  and  18  grams  of  residual  salt.  A 
more  systematic  examination  was  then  undertaken.  For  this  purpose, 
100  grams  of  the  dry  potassium  salt  were  heated  with  170  grams  of 
20  per  cent,  anhydro-acid,  and  the  product  converted  into  barium 
salt  as  described.  The  earlier  and  less  soluble  portions  separated  were 
usually  ill-defined  or  gelatinous,  the  later  and  more  soluble  fractions 
were  in  scales  mixed  to  a  greater  or  less  extent  with  the  foregoing, 
and  difficult  to  separate.  These  and  the  mother  liquors  were  con- 
verted into  potassium  salts  and  fractionally  crystallised.  The  less 
soluble  barium  salts  consisted  almost  entirely  of  potassium  2  : 5- 
disulphonate,  crystallising  with  211^0  in  aggregates  of  small  scales  ; 
the  more  soluble  barium  salts,  a  mixture  of  this  with  potassium 
3  : 5-disulphonate,  crystallising  with  6HoO  in  efflorescent  needles  ; 
whilst  the  mother  liquor  gave  potassium  3  : 5-disulphonate  and 
unchanged  monosulphonate.  The  fractionation  of  these  salts  was 
fairly  easy,  and  as  a  rule  alternate  separations  were  obtained,  although 
the  two  parachlorotoluenedisulphonates  were  about  equally  soluble  in 
water.     To   remove  the    last  of  the  disulphonate  from  the   mother 
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liquors,  alcohol  was  added  in  quantities  up  to  50  per  cent.,  the  mono- 

sulphonate  being  left  in  the  final  liquors,  whether  aqueous  or  alcoholic. 

Eventually,  the  following  amounts  of  the  various  potassium  salts, 

dried  at  160°,  were  accounted  for. 

Isolated        Calculated 

as  salt,    from  chlorides.*     Total. 

Parachlorotoluene-3 : 5-disulphonate  ...       69  5  74 

„  -2 : 5-disulphonate  ...       37  2  39 

,,  -monosulphonate     ...       12  9  21 

Deducting  the  monosulphonate,  it  follows  that,  taking  the  weight  of 
the  salts  actually  isolated  and  that  calculated  from  the  chlorides,  113 
grams  of  disulphonate  were  accounted  for  instead  of  the  theoretical 
yield  of  117  grams,  and  that  the  2  : 5-  and  3  :  5-disulphonate3  were 
present  approximately  in  the  proportion  of  one  to  two. 

The  identity  of  both  the  disulphonates,  and  of  the  recovered  mono- 
sulphonate was  established  by  conversion  into  the  respective  chlorides 
and  anilides,  and  only  the  products  from  the  monosulphonate  need 
be  referred  to  in  detail.  The  chloride  from  the  monosulphonate 
(13  grams),  on  repeated  crystallisation,  gave  3  grams  melting  at 
49 — 50°.  Both  this,  and  the  residue  (9  grams)  were  converted  into 
anilide,  and,  without  recrystallisation,  that  from  the  former  melted  at 
183—184°,  and  that  from  the  latter  (7  grams)  melted  at  177—179°, 
thus  proving  the  uniformity  of  the  recovered  salt. 

SulpJionation  of  Potassium  Parachlorotoluene-2-sulphonate. 

After  preliminary  experiments,  50  grams  of  parachlorotoluene-2- 
sulphonate  were  sulphonated  as  described,  and  the  pi*oduct  converted 
into  potassium  salt  in  the  usual  way.  On  fractional  crystallisation, 
25  grams  of  2  :  6-disulphonate  in  anhydi'ous  scales,  20  grams  (dried 
at  160°)  of  disulphonate  h\  scales  containifig  about  6  per  cent,  of 
water  of  crystallisation,  and  15  grams  of  residual  salt  were  obtained. 
The  hydrated  salb  seemed  to  be  uniform,  as  crystallisation  from  water 
did  not  alter  its  appearance  or  appreciably  affect  the  percentage  of 
water,  which,  however,  was  too  high  for  a  monhydrated  compound. 
Converted  into  chloride,  10  grams  of  the  dry  salt  gave  6  grams  of 
crude  substance  from  which  nothing  but  parachlorotoluene-2  : 6- 
disulphonic  chloride,  melting  at  108°,  was  isolated — a  result   which, 

*  The  "chlorides"  here  mentioned  were  obtained  from  mixtTires of  the  salts  left 
after  as  much  as  possible  of  the  monosulphonate  and  of  the  3  : 5-  and  2  : 5-di- 
sulphonates  had  been  removed  and  isolated  by  fractional  crystallisation.  As  a  rule, 
the  yield  of  chloride  was  about  60—75  per  cent,  of  the  theoretical.  Although 
differences  were  noticed  in  the  readiness  with  which  some  of  the  salts,  particularly 
the  2  :  .5-disulphonate,  interacted  with  phosphorus  peutachloride,  the  proportions 
obtained  in  separations  efl'eciod  by  means  of  the  chlorides  were  assumed  to  be,  for 
purposes  of  calculation,  thc^e  in  which  the  isomeric  salts  existed  in  the  mixtuie. 
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at  the  time,  led  to  the  conclusion  being  drawn  that  only  one  disulphonic 
acid  had  been  formed  (Proc,  1895,  11,  153). 

A  repetition  of  the  experiment  resulted  in  the  separation  of  33  grams 
of  2  :  6-disulphonate  in  anhydrous  scales,  7  grams  of  2  :  5  disulphonate 
in  scales  with  2H2O,  8  grams  of  disulphonate  in  scales  containing 
about  6*5  per  cent,  of  water  of  crystallisation,  and  13  grams  of 
residual  material.  Examination  of  the  chloride  obtained  from  the 
approximately  monhydrated  salt,  showed  that  the  sparingly  soluble 
2 : 5-isomeride  melting  at  144°  was  present,  in  addition  to  the 
2  :  6-derivative  melting  at  109°,  and  the  failure  to  detect  it  on  the 
previous  occasion  is  to  be  referred  to  the  comparatively  poor  yield 
of  chloride  obtained  from  the  2  :  5-salt,  unless  the  interaction  with 
phosphorus  pentachloride  is  prolonged. 

A  third  experiment  was  then  made,  in  which  100  grams  of  the  dry 
salt  were  heated  with  170  grams  of  20  per  cent,  anhydrosulphuric 
acid,  and  the  product  converted  into  barium  salt  as  described.  The 
earlier  and  less  soluble  portions  separated  were  mainly  granular,  the 
later  and  more  soluble  were  in  scales,  but  as  fractional  crystallisation 
seemed  to  lead  to  little  result,  these  and  the  mother  liquors  were  con- 
verted respectively  into  potassium  salts.  The  less  soluble  barium 
salts  gave  chiefly  the  2  :  5-disulphonate,  together  with  3  grams  of 
sparingly  soluble  potassium  sulphone-sulphonate,  the  more  soluble 
barium  salts,  a  mixture  of  the  2  :  6-disulphonate  with  that  crystallising 
with  about  6  per  cent,  HgO,  and  some  unchanged  monosulphonate, 
while  the  mother  liquors  gave  2  : 6-disulphonate  and  the  remainder  of 
the  monosulphonate.  Eventually  the  following  quantities  of  the 
various  potassium  salts,  dried  at  160",  were  accounted  for. 

Isolated        Calculated 

lis  salt,     from  chlorides.*  Total. 

Parachlorotoluene-2  :  6-disulphonate 64-5  10  74-5 

-2 : 5-disulphonate 14-5  9  23-5 

„              -sulphone-sulphonate...        3  —  3 

,,             -monosulphonate    13  12  25 

Deducting  the  25  grams  of  monosulphonate  and  the  3  grams  of 
sulphone-sulphonate,  it  follows  that  98  grams  of  disulphonate  were 
accounted  for  instead  of  the  theoretical  yield  of  108  grams,  and  that 
the  2  : 5-  and  2  : 6-disulphonates  were  present  in  approximately  the 
proportion  of  one  to  three. 

The  fractional  crystallisation  was  difficult  and  tedious  in  this  case. 
The  greater  part  of  the  2  :  6-salt  was  separated  without  difficulty,  but 
the  remainder,  amounting  to  about  one-fourth  of  the  whole,  crystallised 
along  with  2  :  5-salt  in  hydr.ated,  small  scales,  more  soluble  than  either 
of  tlie  isornerides,     Ilepoated  fractional  treatment  of  the  aqueous  solu- 

*  Sec  footnote,  p.  7G7, 
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tion  with  alcohol  gave  fractions  which  usually  contained  more  than 
6  per  cent,  of  water,  whilst  those  obtained  by  concentrating  the 
alcoholic  mother  liquor  were  less  hydrated  than  this.  Such  fractions, 
on  crystallisation  from  water,  were  partially  resolved  into  small 
quantities  of  the  2  :  5-  and  2  : 6-salts  respectively,  with  a  residue 
consisting  approximately  of  monhydrated  salt,  which  by  repetitions 
of  the  process  could  be  further  resolved  until  a  residue  of  13  grams 
(dried  at  160°)  was  obtained  which  resisted  further  treatment. 
Determinations  of  the  water  of  crystallisation  had  to  be  made  in 
each  case,  as  the  appearance  of  the  various  fractions  gave  little  clue 
to  their  nature.  This  13  grams  of  hydrated  salt  was  converted  into 
chloride  giving  6 '5  grams  which  was  mainly  the  2  : 6-derivative, 
although  it  contained  a  small  quantity  of  the  2 : 5-chloride.  The 
residues  were  therefore  worked  up,  and  an  additional  2-5  grams  of 
chloride,  chiefly  the  2  :  5  compound,  obtained  from  the  recovered  salt. 
Fractional  crystallisation  from  benzene  effected  a  separation  of  the 
isomex'ides,  and  the  amounts  obtained  were  3*5  grams  of  the  sparingly 
soluble  2  :  5-chloride  melting  at  143 — 144°,  and  5-2  grams  of  the 
easily  soluble  2  :  6-isomerides  ;  quantities  in  the  approximate  ratio  of 
two  to  three.  For  the  purposes  of  calculation,  it  was  assumed  that 
the  salt  contained  the  disulphonates  in  this  proportion. 

The  identity  of  the  disulphonates  and  of  the  monosulphonate  was 
confirmed  by  conversion  into  the  corresponding  chlorides  and  anilides. 
The  products  from  the  monosulphonate  proved  this  to  be  unchanged 
l:4:2-salt.  The  chloride  was  an  oil,  from  which  6  grams,  melting  at 
23 — 24°,  were  obtained  by  crystallisation  in  a  freezing  mixture.  Both 
this  and  the  residual  oil  were  converted  into  anilides,  which  melted  at 
144°,  and  141 — 142°  respectively,  the  weight  of  anilide  of  the  latter 
melting  point,  obtained  from  the  oil,  being  7  grams. 

Parachlorotoluene-^  :  ^-disulphonic  acid. — The  potassium  parachloro- 
toluenedisulphonate  crystallising  in  anhydrous  scales  was  isomeric  with 
the  salts  obtained  from  the  two  paratoluidinedisulphonic  acids  by 
Sandmeyer's  method,  and  has  not  been  described  hitherto. 

The  barium  salt,  C6H2MeCl(S03)2Ba  +  3iH20,  obtained  from  the 
chloride  by  hydrolysis  with  baryta,  crystallised  from  water  in  sparingly 
soluble,  small  prisms. 

0-2969  lost  0-0367  HgO  at  200°.     H2O  =  12-36,  theory  =  13-00. 
0-2602  dry  salt  gave  0-1454  BaSO^.     Ba  =  32-85,  theory  =  32-50. 

The  jjotassium  salt,  CyH2MeCl(S03K)2,  crystallised  from  water  in 
fairly  soluble,  anhydrous  scales. 

0-3206  lost  0-0005  at  200°  and  gave  0-1532  K^SO^ 
K  =  21-41,  theory  =  21 -52." 

The  chloride,  CgH2MeCI(S02Cl)2,  crystallised  either  from  benzene,  or 


770 


WYNNE  AND   BRUCE:   DISULPHONIC   ACIDS   OF 


from  a  mixture  of  benzene  and  light  petroleum,  in  large  prisms,  dissolved 
easily  in  benzene,  less  readily  in  ether,  sparingly  in  light  petroleum, 
and  melted  at  108°. 

0-0984  gave  0-13  AgCl.     CI  =  32-81,  theory  =  32-92. 

Mr.  W.  J.  Pope  made  the  following  report  on  the  crystals. 

"The  crystals  deposited  from  a  mixture  of  benzene  and  petroleum  are 
large,  pale  yellow  plates  belonging  to  the  monosymmetric  system 
(Fig.  5) ;  they  are  very  brilliant  and  transparent,  and  possess  a 
calcite-like  lustre.  The  pinacoid  6{010}  is  dominant,  and  the  form 
j9{110}  is  the  next  largest  in  size;  the  pinacoid  c[001}  is  also  usually 
large,  whilst  ^[011}  is  in  general  small.  All  these  forms  give  fairly 
good  results  on  measurement,  but  there  is  usually  present  in  the 
zone  [Oil  :  110]  a  form  (ji[7ikl]  the  faces  of  which  ai-e  striated  by  lines 
parallel  to  the  zone-axis  ;  these  striations  are  so  well  marked  that  no 
measurements  could  be  obtained  from  the  faces. 

"There  is  a  good  cleavage  parallel  to  6{010},  but  no  interference 
figure  could  be  observed. 

"  Crystalline  System, — Monosymmetric. 

a\h  -.c  =  0-4943  :  1  :  0-6533. 
y8  =  74°  r. 

''Farms  observed,— h  {010},  c  {001},  ^9  {llOJ,  and  g  {Oil}. 

Fig.  5. 
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"The  following  angular  measurements  were 

obtained. 

Angle. 

Number  of 
observations. 

Limits. 

Mean. 

Calculated, 

<7;  =  001:110 

14 

75^29'—  75°41' 

75°35' 

75'36' 

cp=001  :110 

10 

104  16—104  29 

104  23 

104  24 

c?  =  001  :011 

18 

32    1—32  20 

32  10 

32    8 

^7=010:011 

27 

57  44—58    1 

57  52 

— 

/v>=oio:no 

34 

64  31  —  64  40 

64  35 

— 

;7>  =  110:110 

16 

50  45—  51    0 

50  51 

.'iOSO 

;/7=tn0:011 

20 

88  54—89    8 

88. 59 

— 

^97  =  110:011 

15 

90  51  —  91    7 

91    0 

91    1 

P7  =  110:011 

8 

63  52—64    4 

63  57 

63  58 

;'7  =  110:011 

4 

115  57—116  11 

116    4 

116    2" 
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The  anilide,  C,.H2MeCl(S02NHPh)o,  crystallised  from  benzene  and 
from  dilute  alcohol  in  small,  lustrous  scales,  dissolved  sparingly  in 
benzene,  readily  in  alcohol,  and  melted  at  188°. 

0'3899  gave  20'2  c.c.  moist  nitrogen  at  18-5°  and  760  mm. 
]Sr  =  6-08,  theory -6-41. 

This  acid  can  have  only  one  of  two  formula? ;  it  must  be  either  the 
2:6-  or  the  2:3-disulphonic  acid,  and  although  no  experimental  means 
exist  at  present  for  discriminating  between  these  alternatives,  the 
former  is  much  the  more  probable.  Parabromotoluene,  like  the  chloro- 
dorivative,  yields  chiefly  the  1 :4 :2-monosulphouic  acid,  as  already 
stated,  and  one  disulphonic  acid  according  to  Kornatzki  [Annalen, 
1883,  221,  200).  The  latter  is  commonly  regarded  as  the  2  :  6-dei'ivative 
(compare  Klason,  loc.  cit.),  although  Kornatzki  did  not  discuss  its 
constitution,  and  merely  drew  attention  to  the  fact  that  the  toluene- 
disulphonic  acid  obtained  from  it  by  reduction  with  sodium  amalgam 
was  different  from  any  of  the  isomeric  acids  known  at  the  time. 

In  view  of  Kornatzki's  results,  the  potassium  parachlorotoluene- 
disulphonate  was  reduced  in  aqueous  solution  by  2  per  cent,  sodium 
amalgam.  The  product,  after  neutralisation  with  sulphuric  acid,  was 
evaporated  to  the  crystallising  point,  and  the  sulphate  precipitated 
by  the  addition  of  twice  the  volume  of  alcohol ;  the  filtrate,  again 
evaporated  to  the  crystallising  point,  gave  a  copious  precipitate  of  the 
toluenedisulphonate  on  adding  ten  times  the  volume  of  alcohol ;  this 
was  converted  into  the  chloride,  which  proved  to  be  identical  with  that 
described  by  Kornatzki.  The  barium  salt  crystallised  from  concen- 
trated hot  solutions  in  rhombs,  with  211^0,  but  at  temperatures  below 
50°  in  radiate,  glistening,  flat  needles,  with  iH^O,  and  was  very  soluble 
in  water ;  the  potassium  salt  crystallised  in  equally  soluble,  anhydrous, 
flat  prisms. 

The  chloride,  CgH3Me(SOoCl)o,  crystallised  from  benzene  in  elongated 
prisms,  was  easily  soluble  in  benzene,  ether,  and  chloroform,  very 
sparingly  in  light  petroleum,  and  melted  at  88°. 

Mr.  W.  J.  Pope  examined  the  crystals  and  reported  as  follows. 

"The  crystals  consist  of  small,  colourless  prisms  belonging  to  the 
monosymmetric  system  ;  they  are  very  brittle,  and  the  prism  j9{110} 
is  dominant.  This  form  gives  fairly  good  results  on  measurement,  as 
does  also  the  dome  9(011},  the  faces  of  which,  although  small,  are  very 
brilliant.  The  pinacoid  &J010}  is  but  rarely  observed.  Microscopic 
examination  through  ^{110}  shows  one  optic  axis  of  a  biaxial  substance 
emerging  just  outside  the  field  of  vision. 

"  After  melting,  the  material  solidifies  readily,  giving  a  very  trans- 
pai'ent  film  containing  a  few  air-holes ;  the  film  cracks  a  little  on  cool- 
ing and  consists  partly  of  large,  crystalline  individuals,  the  top  faces  of 


772 


WYNNE   AND   BRUCE:    DISULPHONIC   ACIDS   OF 


which  are  nearly  perpendicular  to  the  acute  bisectrix  of  a  large  optic 
axial  angle.     The  double  refraction  is  negative  in  sign. 
"  Crystalline  System. — Monosymmetric. 

«:^.:c  =  0-7509:l  :  0-9243. 
y3=46°36'. 
''  Forms  observed.— h{0\0],  2J{\1^},  and  ^{Oll}. 

'•  The  f  olio  win  fr  an^jular  measurements  were  obtained. 


Aiisle. 

Number  of 

Limits. 

Mean. 

Calculated. 

observations. 

bp^Qio-.no 

16           ' 

60°  7'—  6r59' 

61°15' 

61°23' 

pp=^l\Q:\l() 

39 

56    5—58  12 

57  14 

— 

j)p  =  UO:UO 

11 

121  47—123  16 

122  35 

122  46 

&y  =  010:  Oil 

15 

55    4—57  38 

56  21 

56    7 

«7<7  =  011  :011 

32 

65  52  —  69    7 

67  46 

— 

-77=011  :011 

18            : 

111  32—113    4 

112  29 

112  14 

;?7=^110:011 

14 

39    1—40  57 

39  51 

The  anilide,  CyH3Me(SOoNHPh)o,  which  crystallised  from  dilute 
alcohol  in  aggregates  of  diamond-shaped  prisms,  and  from  benzene  in 
minute  prisms,  was  easily  soluble  in  alcohol,  acetone,  and  ether, 
sparingly  in  chloroform  and  benzene,  and  melted  at  162°. 

04958  gave  30*5  c.c.  moist  nitrogen  at  23°  and  762  mm. 
N  =  7-11,  theory  =  6-96. 


Sulphonation  of  the  mixed  Potassium  ParacJdoi'otoluenesulphonates 
obtained  from  Parachlorotoluene. 

After  a  trial  experiment,  parachlorotoluene  (100  grams)  was  heated 
with  20  per  cent,  anhydrosulphuric  acid  (650  grams)  at  150°  during 
2  hours,  and  the  product  converted  into  barium  salt  and  subse- 
quently into  potassium  salt.  As  the  result  of  fractional  crystallisa- 
tion, the  following  potassium  salts  (dried  at  160°)  were  isolated  :  2  :  6- 
disulphonate,  113  grams;  2  :  5-disulphonate,  21  grams;  3  : 5-disul- 
phonate,  8  grams  ;  disulphonate  crystallising  in  scales  with  about  6  per 
cent,  of  water,  10  grams;  mixed  disulphonates,  32  grams;  residual 
salts,  35  grams;  making  a  total  of  219  grams  instead  of  the  theore- 
tically possible  yield  of  268  grams.  The  separation  was  not  carried 
further,  because  the  results  were  open  to  the  objection  that  toluene- 
sulphonic  acids  on  the  one  hand,  and  their  potassium  salts  on  the 
other,  might  not  yield  disulphonic  acids  in  the  same  proportion,  and 
these  details  are  quoted  merely  to  show  that  they  correspond  very 
fairly  with  those  which  follow. 

A  third  experiment  was  made,  in  which    100  grams  of  parachloro- 
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toluene  were  sulphonated  by  heating  with  315  grains  of  pure  sulphuric 
acid  at  the  temperature  of  the  water  bath,  and  the  product  converted 
into  potassium  salt  in  the  usual  way.  The  various  separations  and 
the  final  liquor,  containing  a  small  amount  of  inorganic  salt  which 
could  not  be  separated  easily,  were  dried  at  180*^,  and  the  product, 
weighing  197  grams  (theoretically  193  grams),  was  heated  with  340 
grams  of  20  per  cent,  anhydrosulphuric  acid  at  150°  during  2  hours. 
The  barium  salt  was  separated  into  eight  fractions,  of  which  the  first 
four  were  comparatively  small  in  amount,  and  consisted  of  a  mixture 
of  scales  and  crystalline  aggregates,  the  next  three  were  large,  and 
consisted  chiefly  of  microscopic  hair-like  needles,  and  the  last  was  the 
mother  liquor.  The  potassium  salts  were  obtained  from  these,  and  by 
good  fortune  it  was  found  that  the  first  three  barium  salt  fractions 
gave  little  else  than  the  2  : 5-disulphonate,  which,  although  the  least 
soluble  of  the  three  isomerides,  is  difiicult  to  separate  in  the  presence 
of  the  2  :  6-derivative,  as  ah^eady  explained.  The  fourth,  fifth,  sixth, 
and  seventh  fractions  of  the  bai'ium  salt  gave  mixtures  of  the  three 
isomeric  disulphonates  (from  which  4  grams  only  of  the  2  :  5-disulpho- 
nate was  isolated)  with  some  monosulphonate,  whilst  the  mother  liquor 
gave  8  grams  only  of  the  mixed  2  :  6-  and  3  :  5 -disulphonates  together 
with  monosulphonate  and  some  potassium  ethyl  sulphate,  doubtless 
derived  from  the  alcohol  employed  to  remove  potassium  hydrogen 
sulphate  before  neutralisation. 

Although  the  necessity  of  separating  the  2  :  5-  and  2  :  6-disulphonates 
from  the  mixed  salts  crystallising  with  about  6  per  cent,  of  water  was 
avoided,  a  similar  difliculty  was  met  with  in  dealing  with  a  number  of 
separations  in  scales  from  the  various  mother  liquors.  These  seemed 
to  be  mixtures  of  monosulphonate  with  the  2  :  6-  and  3  :  5-disulphonates 
(K:-=  18-05— 19-54;  H20=-3-7— 4-7),  and,  as  crystallisation  from  water 
led  to  no  result,  were  separated  by  adding  alcohol  to  the  concentrated 
aqueous  solution  until  no  further  precipitate  was  pi'oduced.  The  pre- 
cipitate (26  grams  from  50)  consisted  of  a  mixture  of  the  2  : 6-  and 
3  :  5-salts  in  the  proportion  of  rather  more  than  three  to  one,  whilst 
the  mother  liquor  contained  only  monosulphonate,  which  ci'ystallised 
from  water  in  anhydrous  needles  and  was  identified  both  by  the 
chloride  and  anilide  as  the  1:4:  2-derivative.  The  mother  liquors 
from  which  these  various  separations  of  hydrated  scales  had  been 
isolated  gave  small  amounts  of  the  3  : 5-disulphonate,  and  wex*e  even- 
tually united  with  that  obtained  from  the  mother  liquor  of  the  barium 
salt,  and,  as  mixtures  of  mono- and  di-sulphonate  crystallised  in  scales 
on  concentration  (K=  18*54;  H20  =  2*78),  precipitation  with  alcohol 
was  resorted  to,  which  effected  a  separation  into  9  grams  of  mixed  2:6- 
and  3  :  5-disulphonate,  8  grams  of  monosulphonate  crystallising  from 
water  in  anhydrous  needles  (identified  as  the  1:4:  2-salt)  and  10  grams 


Isolated 
as  salt. 

105 

Calculated 
from  chlorides.*  Total. 

24             129 

46 

7              53 

24 

2               26 

3 

—                3 

26 

16               42 
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of  monosulphonate  left  as  a  residue  on  evaporation  of  the  alcoholic 
mother  liquor.  This  x^esidue  of  monosulphonate,  when  crystallised 
from  water,  separated  in  monhydrated  scales  (H.,0  =  6'38 — 7'42),  and 
was  at  first  thought  to  be  the  1:4:  3-salt,  but  as  the  melting  point 
of  its  chloride  could  not  be  raised  above  23°,  and  as  the  anilides  pre- 
pared from  the  crystalline  chloride  (1*5  grams)  and  the  oily  mother 
liquor  (5  grams)  melted  at  144 — 145°  and  142 — 143°  respectively,  it 
must  be  regarded  as  the  1:4:  2-derivative,  although  this  salt  has  not 
been  obtained  in  a  hydrated  form  from  any  other  source.  It  follows, 
therefore,  that  the  whole  of  the  1:4:  3-constituent  in  the  mixed 
parachlorotoluenesulphonates  must  have  been  converted  into  disul- 
phonic  acid  on  sulphonation  under  the  conditions  employed. 

As  the  result  of  fractional  crystallisation,  the  following  quantities 
of  potassium  salts,  dried  at  160°,  were  accounted  for. 


Parachlorotoluene-2  :  6-disulphonate... 
,,  -2  : 5-disulphonate... 

, ,  -3  :  5-disulphonate. . . 

„  -sulphone-sulphonate 

„  -monosulphonate  ... 

Deducting  the  sulphone  and  the  recovex'ed  monosulphonate,  it 
follows  that  the  weight  of  disulphonate  accounted  for  was  208  grams 
instead  of  the  theoretical  yield  of  220  grams. 

The  relative  proportions  of  the  1:4:2-  and  1:4:  3-isomerides  in 
the  mixed  parachlorotoluenesulphonic  acids  may  be  calculated  from 
these  results,  because  the  2  : 6-disulphonate  has  been  shown  to  be 
produced  only  from  the  1:4:  2-salt,  and  the  3  :  5-disulphonate  only 
from  the  1:4:  3-salt,  whilst  the  2  :  5-disulphonate  is  formed  from  both, 
and  in  the  approximate  proportions  of  one-third  of  the  former  and 
one-half  of  the  latter.     Consequently, 

43  grams  of  2  :  5-salt  should  be  formed  with  129  grams  of  2  :  6-salt  =  172. 
13  „  „  „  „       26      „  3 : 5-salt  =  39. 

Hence  from  the  amounts  of  the  2  :  6-  and  3  :  5-disulphonates  obtained, 
56  grams  of  the  2  :  5-disulphonate  might  have  been  expected  instead 
of  the  53  grams  actually  isolated — a  result  which  may  be  regarded  as 
indicating  substantial  agreement.  The  220  grams  which  theoretically 
should  have  been  obtained  would  consist  therefore  of  about  40  grams 
of  disulphonate  derived  from  about  27  grams  of  the  1:4:  3-salt,  and 
about  180  grams  from  about  122  grams  of  the  1:4:  2-salt.  Adding  to 
the  latter  the  42  grams  recovered,  it  follows  that  the  parachloro- 

*  See  footnote,  p.  767. 
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toluenesulphonates  were  present  in  the  mixture  in  the  proportion  of 
27  grams  of  the  1  :  4 : 3-  to  166  grams  of  the  1:4:  2-salt,  or  approxi- 
mately one  to  six.  Parachlorotoluene,  therefore,  does  not  yield  more 
than  14  per  cent,  of  the  1:4:  3-isomeride  when  converted  into  mono- 
sulphonic  acids  under  the  conditions  described. 

Sulphonation  of  Potassium  Orthochlorotoluene-i-suljihonate. 

Preliminary  experiments  showed  that  20  per  cent,  anhydrosulphuric 
acid  did  not  effect  sulphonation,  so  100  grams  of  dry  potassium  ortho- 
chlorotoluene-4-sulphonate  were  heated  with  140  grams  of  35  percent, 
anhydrosiilphiiric  acid  at  150°  during  2  hours,  and  the  product  con^ 
vei'ted  into  barium  salt  in  the  manner  already  described.  The  filtrate 
and  washings  could  not  be  evaporated  conveniently  in  a  dish,  as  a 
sparingly  soluble  barium  salt  began  to  separate  at  once  on  the  surface 
of  the  hot  liquid,  and  soon  caused  bumping,  so  the  concentration  was 
effected  in  flasks,  and  continued  until  crystals  appeared,  the  operation 
being  repeated  until  17  grams  of  sparingly  soluble  salt  had  been 
accumulated,  and  the  solution  reduced  to  450  c.c.  The  subsequent 
separations  were  considerable  in  amount,  and  consisted  of  a  barium 
potassium  calt  in  very  small  needles  forming  a  white  semi-solid  mass, 
which  could  be  freed  easily  from  any  sparingly  soluble  barium  salt  by 
dissolving  it  in  warm  water. 

The  sparingly  soluble  barium  salt,  with  2H2O,  proved  to  be  the 
orthochlorotoluene-4  :  5-disulphonate,  and  was  identified  by  conversion 
into  the  potassium  salt,  with  IHoO,  the  chloride  melting  at  158°, 
and  the  anilide  melting  at  183°.  The  yield  of  this  isomeride,  taking 
into  account  the  quantity  (equivalent  to  about  3  grams  of  the  barium 
salt)  obtained  as  potassium  salt  by  extracting  the  barium  sulphate 
residues  with  potassium  carbonate,  amounted  to  about  one-ninth  of 
that  theoretically  possible. 

Orthochlorotoluene-4:  :  Q-disulphonic  acid. — The  salts  of  this  acid  were 
obtained  from  the  easily  soluble  barium  potassium  salt. 

The  barium  salt,  OgH2MeCl(S03)2Ba -f  eH^O,  obtained  from  the 
chloi-ide  by  hydrolysis  with  baryta,  crystallised  in  microscopic  prisms, 
and  was  very  soluble  in  water. 

0-4726  lost  0-096  H.O  at  220°.     H20  =  20-31,  theory  =  20-40. 
0-3766  dry  salt  gave  0-2044  BaSO^.     Ba  =  31-91,  theory  =  32-50. 

The  barium  potassiimi  salt,  [CoHoMeCl(S03)2].2BaK2 -h  3H2O,  crys- 
tallised from  water  in  white  masses  of  very  small  and  easily  soluble 
needles. 

0-451  gave  0-0316  HgO  at  235°.     H2O  =  7-01,  theory  =  6-44. 
0-4194  dry  salt  gave  0-2156  sulphate.     BaK2  =  27-16,  theory  =  27-42. 
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The  poiassiuyii  salt,  CgHgMeC^SOyK).^  +  2H2O,  was  very  soluble  in 
water,  and  crystallised  in  large,  transparent  prisms. 

0-455  gave  0-0414  H.O  at  180°.     H2O  =  9-08,  theory  =  9-04. 
0-4136  dry  salt  gave  0-1986  K2SO4.  K  =  21-52,  theory  =  21-52. 

The  chloride,  CgH2MeCl(S02Cl)2,  crystallised  from  a  mixture  of  benz- 
ene and  light  petroleum  either  in  octahedral  prisms  or  in  aggregates  of 
four-sided  plates,  dissolved  easily  in  benzene  and  ether,  sparingly  in 
light  petroleum,  and  melted  at  88°. 

0-1931  gave  0-2571  AgCl.     CI  =  32-94,  theory  =  32-92. 

Mr.  W.  J.  Pope  made  the  following  report  on  the  crystals. 

"  The  crystals  are  large,  transparent,  orthorhombic  octahedra  show- 
ing the  forms  {110}  and  {Oil};  they  are  colourless  and  transparent, 
but  possess  no  apparent  cleavage..  An  optic  axis  emerges  nearly 
normally  through  each  face  of  the  form  {110}.  After  fusion,  the 
substance  solidifies  readily  in  broad,  crystalline  flakes,  most  of  which 
are  nearly  perpendicular  to  an  optic  axis ;  the  top  face  of  the  flakes 
is  thus  evidently  {110}," 

The  anilide,  C5H2MeCl(S02NHPh)2,  crystallised  from  dilute  alcohol 
in  small,  elongated  plates,  dissolved  easily  in  alcohol,  very  sparingly 
in  benzene,  and  melted  at  180°. 

0-3826  gave  20  c.c.  moist  nitrogen  at  17-5°  and  768  mm. 
N  =  6-22,  theory  =  6-41. 

The  constitution  of  this  acid  was  determined  by  reducing  the  potas- 
sium salt  in  aqueous  solution  with  2  per  cent,  sodium  amalgam,  and 
isolating  the  product  by  precipitation  with  alcohol  in  the  manner 
already  described.  The  resulting  toluenedisulphonate  was  converted 
into  chloride,  which  crystallised  from  petroleum  (b.  p.  90 — 120°)  in 
needles  melting  at  56°,  and  was  identified  as  toluene-2  :  4-disulphonic 
chloride.  The  corresponding  anilide  melted  at  187°.  The  chloro-acid, 
therefore,  must  be  orthochlorotoluene-4  :  6-disulphonic  acid. 

Sidiihonation  of  Potassium,  Orlhochiorotoluene-5-sulphonaie. 

After  a  preliminary  experiment,  50  grams  of  dry  potassium  ortho- 
chlorotoluene-5-suIphonate  were  heated  with  85  grams  of  20  per  cent, 
anhydrosulphuric  acid  at  150°  during  2  hours.  The  product  was  con- 
verted into  barium  salt,  which  crystallised  slowly  from  concentrated 
solutions  in  tufts  of  silky  needles,  seemed  to  be  uniform,  and  had  the 
composition  expressed  by  the  formula  C^H2MeCI(S03)2Ba  +  4^H20.  The 
potassium  salt,  being  very  soluble  in  water, was  fractionally  crystallised 
from  dilute  alcohol.     Several  fractions  crystallising  in    short  prism- 
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atic  needles  were  obtained,  which  were  apparently  uniform,  although 
the  amount  of  water  of  crystallisation  was  not  constant  (6-73 — 8"04 
per  cent.)  ;  the  yield  amounted  to  58  grams  of  salt  dried  at  160°. 
Towards  the  end  of  the  fractionation,  4  grams  of  salt  was  obtained 
crystallising  in  thin  scales  (K  =  16-85  ;  H2O  =  6*89),  and  was  evidently 
impure  monosulphonate,  the  final  mother  liquors,  on  evaporation,  giving 
6  grams  of  residual  salt  which  was  not  examined  further. 

The  potassium  disulphonate  was  recrystallised  from  water  to  ascer- 
tain whether  it  separated  in  two  forms  like  the  salt  prepared  from 
orthotoluidine-3  :  5-disulphonic  acid.  This  was  found  to  be  the  case,  and, 
although  crystals  separated  slowly  both  from  concentrated  and  from  more 
dilute  solutions,  the  former  were  in  radiate  tufts  of  very  small  needles 
(H20  =  8-91)  and  the  latter  in  massive  prisms  (H20  =  11-03).  The 
acicular  crystals,  when  allowed  to  remain  in  the  mother  liquor  over- 
night, usually  changed  into  small,  prismatic  scales  (H^O^O-SO).  The 
salt  was  evidently  potassium  orthochlorotoluene-3  :  5-disulphonate,  and 
its  identity  was  placed  beyond  doubt  by  examination  of  the  chloride 
melting  at  85°,  and  the  anilide  melting  at  183°. 

Similar  results  were  obtained  by  sulphonating  orthochlorotoluene 
with  6-5  times  its  weight  of  20  percent,  anhydrosulphuric  acid  at  150°, 
and  it  follows,  therefore,  that  orthochlorotoluene-3  :  5-disulphonic  acid 
is  the  production  of  sulphonation  in  both  cases. 

Royal  College  of  Science,  London, 
South  Ken.sington,  S.W. 


LXXXII. — Clilorine  Derivatives  of  Pyridine.     Part  II. 
Interaction   of  Ammo7iia   and  Pentachloropyridine. 
Constitutio7i  of  Glutazine. 
By  W.  T.  Sell,  M.A.,  F.I.O.,  and  F.  W.  Dootson,  M.A. 

In  a  communication  "On  the  Synthesis  of  Pyridine  Derivatives  "  by 
Stokes  and  Pechmann  {Ber.,  1887, 20,  2655,  and  Amer.  Chem.  J.,  1886,  6, 
377),  it  has  been  shown  that,  by  a  series  of  reactions,  ethylic  acetone- 
dicarboxylate  may  be  converted  into  glutazine  which  is  undoubtedly  a 
pyridine  derivative. 

The  constitution  of  this  substance  is  left  open  as  between  the  follow- 
ing alternative  formulae, 

NH2 

HoC         CHo 
^^-         OC        CO 

3  a 


NH 

I. 

H,C         (^K, 

OC        CO 

\n/ 

H 
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Subsequent  work  on  this  important  substance  has  not  sufficed  to 
prove  which  of  the  two  is  correct.  Among  other  reactions  which 
Stokes  and  Pechmann  tried  with  a  view  to  obtain  evidence  of  the  con- 
stitution of  glutazine,  that  of  a  solution  of  phosphorus  pentachloride 
in  phosphorus  oxychloride  was  examined  ;  this  gave  rise  to  various 
chlorinated  products  of  which  we  are  mainly  concerned  with  but  one, 
namely,  amidotetrachloropyridine,  to  which  the  alternative  formulae 

NH  NH2 


T  ^Y        |C1  TT        CI/     \,C1 

^'    cii    Jci  ^^-    cii    jci 


were  assigned  (loc.  cit.). 

From  a  consideration  of  the  properties  of  this  and  other  derivatives, 
Stokes  and  Pechmann  expressed  a  preference  for  the  constitution 
represented  by  formula  II. 

As  will  be  seen  below,  by  the  action  of  ammonia  on  pentachloro- 
pyridine  several  compounds  have  been  isolated,  but  of  the  three 
possible  derivatives  in  which  one  atom  of  chlorine  is  replaced  by 
amidogen,  two  only  have  been  obtained,  the  third,  if  formed  at  all, 
being  too  small  in  quantity  to  be  detected.  One  of  these  isomeric 
amidotetrachloropyridines,  which  does  not  require  a  temperature 
higher  than  100°  for  its  formation,  corresponds  in  fusing  point,  crys- 
talline form,  solubility,  and  general  properties  with  the  similar  com- 
pound described  by  Stokes  and  Pechmann,  and  is  obviously  identical 
with  it,  this  identity  being  confirmed  by  the  action  of  sodium 
ethoxide  on  the  compound,  by  which  a  second  chlorine  atom  is  re- 
placed, and  amidoethoxytrichloropyi'idine  formed.  This  product  also 
agrees  with  the  corresponding  substance  described  by  Stokes  and 
Pechmann,  in  fusing  point,  crystalline  form,  and  general  behaviour. 

Since,  from  the  method  of  preparation,  the  reaction  between  penta- 
chloropyridine  and  ammonia  without  doubt  takes  place  in  accordance 
with  the  equation 

CI  NH3 

C  C 

cic./^^cci  ,  .^„   _  cic/'^cci      ^^   , 
cic!i     icci  ^  "^^"-^  ~  cid     'cci  ^  ^"^M' 

N  N 

our  experiments  must  be  regarded  as  a  confirmation  of  the 
existence  of  the  amido-group  in  the  chlorinated  product  of  glutazine, 
and  therefore  in  glutazine  itself,  since,  at  the  temperature  at  which 
these  reactions  were  carried  out,  there  is  no  reason  to  suppose  a 
transference  of  the  hydrogen  atom  to  have  taken  place. 
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Although  the  generally  reactive  nature  of  the  a-position  renders  it 
exti-emely  probable  that  in  the  second  amidotetraehloropyridine 
obtained,  the  amido-group  occupies  the  ortho-position  relatively  to 
the  nitrogen,  we  have,  so  far,  not  succeeded  in  obtaining  experimental 
evidence  of  this.  An  attempt  was,  however,  made  as  follows. 
The  amido-group  was  replaced  by  hydrosyl  by  a  modification  of 
Bouveault's  method  {Bull.  Soc.  Chim.,  1892,  [iii],  9,  368),  and  the 
hydroxytetrachloi-opyridine  thus  formed  was  treated  with  ammonia. 
By  these  means,  it  was  expected  that  the  compound  shown  by  Stokes 
and  Pechmann  to  have  the  structural  formula 

C 

ClC^^CCl 
Cicll     iC(OH) 

would  be  obtained,  from  the  known  ease  with  which  the  para- 
position  is  attacked  by  ammonia.  The  product  of  the  reaction, 
however,  although  closely  resembling  this  substance  in  properties 
and  appearance,  was  not  identical  with  it.  In  view  of  the  fact  that 
there  are  four  theoretically  possible  monamido-derivatives  of  a-hydroxy- 
tetracbloropyridine,  this  experiment  must  be  regarded  as  inconclusive. 
Want  of  matex'ial  prevented  us  from  pursuing  the  investigation  at 
this  stage. 

An  attempt  to  demonstrate  that  the  amido-group  was  in  the  a-position, 
by  converting  amidoethoxytrichloropyridine  into  diamidopyridine  also 
failed,  the  ethoxy-group  being  quite  stable  at  temperatures  at  which 
the  remaining  chlorine  is  attacked  by  ammonia. 

Of  the  six  theoretically  possible  diamido-derivatives  of  pentachloro- 
pyridine,  only  one  has  been  isolated.  This  compound  is  obtained  by 
the  further  action  of  ammonia  on  either  of  the  amidotetrachloro- 
pyridines  mentioned  above. 

Experimental. 

Pentachloropyridine  is  not  acted  on  in  the  cold  by  aqueous  or 
alcoholic  ammonia  of  any  strength.  At  a  temperature  approaching 
100°,  however,  one  atom  of  chlorine  is  attacked,  whilst  between  150° 
and  180°  a  second  atom  is  replaced  by  amidogen. 

Numerous  experiments  were  carried  out  at  temperatures  varying 
between  100°  and  150°,  with  the  object  of  determining  the  conditions 
under  which  each  monamido-derivative  is  formed  in  largest  amount, 
and  of  obtaining  the  third  theoretically  possible  tetrachloramido- 
pyridine ;    in    the   latter,    however,    as    stated   above,    we    were  not 

o     r.     O 
O     &     -i 
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successful.  It  was  not  found  that  the  yield  of  each  of  the  others 
varied  materially  under  the  conditions  tried  ;  that  of  y-amidotetra- 
chloropyridine  was  always  somewhat  in  excess  of  the  other  at 
temperatures  below  150°,  whilst  above  150°  the  former  is  converted 
into  diamidotrichloropyridine  more  readily  than  the  latter  compound. 

For  the  purpose  of  these  experiments,  pentachloropyridine,  prepared 
by  the  action  of  phosphorus  pentachloride  on  dry  pyridine  as  described 
by  the  authors  (Trans.,  1898,73,  433),  was  heated  at  100— 110°  for 
about  4  hours  with  alcoholic  ammonia  in  sealed  tubes,  and  the 
contents  of  the  tubes  thrown  on  to  a  filter,  and  washed  with  cold  al- 
cohol or  ether  by  the  aid  of  the  pump.  In  the  earlier  experiments, 
when  the  temperature  had  been  allowed  to  approach  150°,  the  residue 
left  on  the  filter-plate  was  then  washed  repeatedly  with  cold, 
moderately  dilute  hydrochloric  acid,  to  dissolve  any  diamidotrichloro- 
pyridine present,  but  when  the  heating  had  been  carried  on  at  100° 
to  120°,  this  precaution  was  unnecessary.  After  4  hours  heating  at 
100°,  the  amount  of  pentachloropyridine  remaining  unacted  on  is 
negligable,  but  if  necessary  it  can  be  removed  by  distilling  the  product 
in  a  current  of  steam,  in  which  the  amidotetrachloropyridines  are  only 
very  slowly  volatile.  After  one  recrystallisation  from  alcohol,  the 
y-amidotetrachloropyridine  thus  obtained  is  practically  pure. 

The  alcoholic  filtrate  mentioned  above,  on  evaporation,  deposits 
long  silky  needles  of  the  second  product,  which,  however,  can  only 
be  freed  from  the  last  traces  of  the  y-amido-derivative  by  many 
recrystallisations  from  alcohol,  or,  more  readily,  by  frequent  washing 
on  the  filter-plate  with  small  quantities  of  ether,  when  the  greater 
part  of  the  latter  product  is  left  behind. 

As  stated  above,  the  diamido-derivative  is  obtained  by  heating 
pentachloropyridine  or  either  of  its  monamido-derivatives  for  several 
hours  at  170 — 180°,  preferably  with  equal  parts  of  alcoholic  and 
strong  aqueous  ammonia,  evaporating  the  alcohol  and  excess  of 
ammonia,  and  dissolving  the  residue  in  moderately  dilute  hydrochloric 
acid.  After  filtration,  the  diamidotrichloropyridine  is  reprecipitated 
by  alkali,  and  purified  by  recrystallisation  from  water  or  50  per  cent, 
alcohol. 

It  is  interesting  to  note  that,  although  the  y-amido-group  is  some- 
what more  easily  introduced  than  the  other  one,  as  shown  by  the 
greater  yield  of  y-amidotetrachloropyridine  at  low  temperatures,  yet 
the  latter  compound  is  the  more  easily  attacked  as  the  temperature 
is  raised.  This  was  shown  by  parallel  experiments  in  which  equal 
weights  of  the  two  substances  were  heated  at  170 — 180°  for  4  hours, 
with  alcoholic  ammonia  alone,  in  the  same  oven.  On  opening  the 
tubes,  it  was  found  that  about  half  of  the  y-amidotetrachloropyridine 
was  converted  into   diamidotrichloropyridine,   whereas  the  remaining 
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tube  gave  the  merest  trace  of  diamido-derivative.  When  equal  parts 
of  alcoholic  and  strong  aqueous  ammonia  were  used,  the  conversion, 
in  both  cases,  was  practically  complete. 

NH., 


y-Amidotetrachloropyridine,  pJ        |p, 

N 

This  compound,  obtained  by  the  methods  described  above,  crystallises 
from  alcohol  in  thin,  colourless  scales,  or,  particularly  when  deposited 
slowly,  in  cubes  or  modifications  of  cubes.  These  crystals,  which  melt 
at  212 — 213°  (uncorr.),  gave  the  following  numbers  on  analysis. 

0-1160  required  20-0  c.c.  N/10  AgNOo.    01  =  61-03  (Trans.,  1898,  437). 
0-2630  gave  27-5  c.c.  nitrogen  at  12°  and  748  mm.     N  =  12-15. 
C5N2CI4H2  requires  CI  =  61-14  ;  N  =  12-06  per  cent. 

This  substance  is  fairly  soluble  in  ether,  benzene,  and  hot  alcohol, 
slightly  in  cold  alcohol,  but  practically  insoluble  in  water,  dilute  acids, 
and  alkalis.  Strong  sulphuric  acid  dissolves  it  readily  in  the  cold. 
It  shows  no  basic  properties,  and  does  not  form  a  platinochloride. 
When  boiled  for  2  hours  with  excess  of  a  solution  of  sodium  ethoxide  in 
absolute  alcohol,  it  yields  a-ethoxy-y-amidotrichloropyridine,  melting 
at  83°  (uncorr.)  (Ainer.  Chem.  J.,  1886,  6,  393). 

Amidoteiraehloropyridine  melting  at  174 — 175°  {uncorr.). — This  crys- 
tallises in  long,  silky  needles,  readily  soluble  in  hot  alcohol,  ether, 
benzene  and  chloroform,  and  fairly  in  cold  alcohol.  Water  and  dilute 
mineral  acids  dissolve  it  to  a  slight  extent  on  boiling,  and  from  these 
it  crystallises  in  tufts  of  fine,  colourless  needles.  Strong  sulphuric 
acid  dissolves  it  readily  in  the  cold.  It  is  not  acted  on  by  boiling 
alkalis,  and  is  only  very  slowly  volatile  in  steam.  A  specimen  re- 
crystallised  from  alcohol  and  melting  at  174 — 175°  gave  the  following 
numbers  on  analysis. 

0-1750  gave  0-4332  AgCl.    CI  =  61  -24. 

0-1850     „     19-0  c.c.  nitrogen  at  18°  and  758  mm.     N=  12-03. 
C5N2CI4H2  requires  C1  =  6M4  3  N  =  12  06  per  cent. 

Hydroxytetrachloropyridine  was  obtained  from  the  amidotetra- 
chloropyridine  melting  at  174 — 175°,  described  above,  by  a  modification 
of  Bouveault's  method  (loc.  cit.)  ;  the  latter  consists  in  dissolving  the 
substance  in  strong  sulphuric  acid  and  cautiously  adding  the  theoretical 
amount  of  concentrated  sodium  nitrite  solution,  the  temperature 
meanwhile  being  kept  at  30—40°,  finally  heating  for  a  few  minutes 
to   40 — 50°.       The    modification    lay    in  dissolving  the  substance  in 
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the  least  possible  quantity  of  strong  sulphuric  acid,  and  adding 
excess  of  sulphuric  acid  previously  charged  with  nitrous  fumes. 
After  heating  on  the  water  bath  for  20  minutes  and  cooling  some- 
what, water  was  cautiously  added  in  very  small  quantities  with 
frequent  agitation.  When  the  evolution  of  gas  slackened,  the 
flask  was  again  heated  on  the  water  bath  for  half  an  hour,  and 
the  contents  finally  poured  into  water.  The  copious  precipitate 
thus  obtained  was  collected,  washed,  and  digested  with  a  warm 
dilute  solution  of  sodium  carbonate,  in  which  the  hydroxytetra- 
chloropyridine  is  readily  soluble,  and  therefore  easily  separated  by 
filtration  from  any  unchanged  amidotetrachloropyridine.  On  neutral- 
ising the  filtered  solution  with  acetic  acid,  the  substance  was  again 
precipitated,  and  was  purified  by  recrystallisation  from  dilute  alcohol. 
Hydroxytetrachloropyridine  thus  prepared  melted  at  220 — 221°, 
and  gave  the  following  numbers, 

0-1273  gave  6-8  c.c.  nitrogen  at  22°  and  762  mm.     ]Sr  =  6-07. 
0-1210    „     6-5  c.c.         „        at  20°    „     762  mm.     N=6-13. 
C^lSTCl^'OH  requires  N  =  6-02  per  cent. 

This  compound  is  readily  soluble  in  ether  and  alcohol,  both  hot  and 
cold,  moderately  so  in  benzene,  from  which  it  crystallises  in  aggregates 
of  colourless  needles,  slightly  in  concentrated  hydrochloric  acid,  and 
readily  in  strong  sulphuric  acid,  but  is  practically  insoluble  in  water. 
Dilute  alkalis  and  alkali  carbonates  dissolve  it  readily  on  warming. 
A  solution  of  the  ammonium  salt  may  be  evaporated  to  dryness 
without  decomposition.  With  barium  chloride,  the  ammonium  salt 
gave  a  white  precipitate  of  colourless  needles,  at  once  in  a  strong 
solution,  but  if  dilate,  only  on  standing  ;  this  precipitate  was  not 
redissolved  on  boiling.  With  silver  nitrate,  a  gelatinous  white  pre- 
cipitate is  formed,  insoluble  in  boiling  water.  With  ferric  chloride, 
hydroxytetrachloropyridine  gives  a  red  coloration  only  on  boiling. 
After  heating  for  5  hours  to  a  temperature  of  130°  with  strong 
aqueous  ammonia,  the  substance  was  found  to  be  unchanged. 

Diamidotrichloroj)yridine  was  obtained  as  described  above  from 
pentachloropyridine  or  from  amidotetrachloropyridine ;  purified  by 
recrystallisation  fi-om  dilute  alcohol,  it  melts  at  206°  to  207°. 

0-1250  gave  0-2527  grams  AgCl.     CI  =  5005. 
0-1488     „     26-1  c.c.  nitrogen  at  22°  and  760  mm.     N  =  19-85. 
CJJN3CI.JH4  requires  CI  =  50-04  ;  N  =  19-79  per  cent. 

This  compound  is  readily  soluble  in  alcohol,  from  which  it  separates 
in  pearly  scales  of  rather  indefinite  outline,  or  in  needles  pointed  at 
the  ends ;  it  is  fairly  .soluble  in  ether,  acetone,  and  hot  benzene, 
crystallising  from  the  latter  in  large,  flat  needles ;  moderately  soluble 
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in  hot  water,  but  practically  insoluble  in  the  cold.  Dilute  acids  dissolve 
it  easily,  and  from  these  it  is  reprecipitated  by  alkalis.  On  adding 
platinic  chloride  to  its  solution  in  alcohol  or  dilute  hydrochloric  acid, 
the  platinochloride  separates  in  short,  thick  needles,  at  once  if  the 
solution  is  concentrated,  but  only  on  standing  when  dilute  ;  it  is 
very  sparingly  soluble  in  hot  water.  The  air-dried  crystals  lost,  at 
120°,  an  amount  which  approximately  corresponds  with  3IIoO,  whilst 
the  dry  salt  gave  the  following  numbers. 

0-2864  gave  0-0674  Pt.     Pt  =  23-53. 

(C5N3Cl3H4)2,H2PtCl6  requires  Pt  =  23-37  per  cent. 

University  Chemical  Laboratory, 
Cambridge. 


LXXXIII. — Mercury  Acetamide. 

By  Martin   Onslow    Forster,  Ph.D.,  B.Sc. 

It  has  long  been  known  that  yellow  mercuric  oxide  is  dissolved 
readily  by  an  aqueous  solution  of  acetamide,  and  that  the  liquid 
deposits  a  colourless,  crystalline  compound  on  evaporation ;  this 
observation  was  made  by  Strecker  [Amuden,  1857,  103,  324).  Since 
the  time  of  its  discovery,  mercury  acetamide  has  received  attention 
from  Tafel  and  Enoch  {Ber.,  1891,  23,  1553),  and  from  Seliwanoff 
{Ber.,  1893,  26,  423  and  987),  but  it  was  not  made  the  subject  of 
special  study  by  these  investigators,  whose  references  to  it  are 
merely  incidental. 

Having  noticed  that  the  substance  acts  with  vigour  on  phenyl- 
hydrazine,  I  was  led  to  examine  the  products  of  the  change,  and,  find- 
ing the  subject  one  of  some  interest,  extended  the  investigation  to 
other  typical  derivatives  of  nitrogen.  The  present  paper  contains  an 
account  of  the  experiments  made  in  this  connection. 

Action  of  Mercury  Acetamide  on  Hydroxylamine. 

The  interaction  of  mercury  acetamide  and  hydroxylamine  is  some- 
what complicated.  It  proceeds  in  different  directions  according  as  the 
free  base  or  the  hydrochloride  is  under  examination ;  moreover,  the 
action  of  the  metallic  compound  is  materially  modified  in  the  case  of 
the  salt  by  treating  the  latter  with  the  former,  instead  of  vice  versd. 

When  mercury  acetamide  dissolved  in  water  is  slowly  added  to  an 
aqueous  solution  of  hydroxylamine  hydrochloride,  already  made  alka- 
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line  with  potassium  carbonate,  vigorous  effervescence  takes  place. 
The  first  drop  of  the  liquid  produces  a  transient,  bright  yellow  preci- 
pitate, the  colour  of  which  changes  instantly  to  the  dark  grey  of 
finely-divided  mercury ;  as  more  of  the  solution  is  added,  heat  is 
developed,  and  the  spongy  precipitate  of  mercury  increases  largely  in 
bulk,  until  a  stage  is  reached  at  which  no  effervescence  is  perceptible 
on  adding  another  drop  of  the  solution.  If  this  experiment  is  carried 
out  with  normal  solutions,  it  is  found  that  5  c.c.  of  the  dissolved 
hydroxylamine  hydrochloride,  made  alkaline  with  10  c.c.  (1  mol.)  of  a 
normal  solution  of  potassium  carbonate,  require  exactly  4  c.c.  of  the 
aqueous  mercury  acetamide  to  be  added  before  effervescence  ceases 
and  the  filtered  liquid  gives  no  turbidity  with  a  drop  of  either  solu- 
tion. Five  molecular  proportions  of  the  free  base  are  therefore 
capable  of  replacing  mercury  by  hydrogen  in  four  of  the  mercury 
compound,  the  action  being  represented  by  the  equation 

I.  SNHg-  OH  +  4Hg(NHAc)2  =  8NH2 Ac  -1-  4Hg  +  2N,  4-  HNO2  +  SHgO. 

The  precipitate  obtained  in  the  above  experiment  dissolved  com- 
pletely in  warm,  dilute  nitric  acid;  whilst  the  filtrate  contained  potassium 
nitrite  and  acetamide.  Two  estimations  of  the  quantity  of  gas  libe- 
rated from  a  known  weight  of  hydroxylamine  hydrochloride  gave 
results  corresponding  with  16'34  and  15"74  per  cent,  respectively; 
the  pure  salt  contains  20"18  per  cent,  of  nitrogen,  and  four-fifths  of 
this  quantity,  the  amount  required  by  equation  I,  is  16"15  per  cent. 

When  hydroxylamine  hydrochloride  alone  is  titrated  with  mercury 
acetamide,  however,  two  molecular  proportions  of  the  hydrochloride 
completely  reduce  three  of  mercury  acetamide,  a  relation  which  differs 
widely  from  that  holding  good  when  the  free  base  only  is  involved. 
This  divergence  is  due  to  the  fact  that  chlorine  plays  a  part  in  the 
change.  The  spongy  precipitate  obtained  on  mixing  the  two  solutions 
consists  of  calomel  and  mercury,  whilst  nitrous  acid  occurs  in  the 
filtrate.  The  interaction  of  mercury  acetamide  and  hydroxylamine 
hydrochloride,  when  the  former  is  added  to  the  latter,  may  be  ex- 
pressed as  follows. 

II.  6NH2-  OH.HCl  +  9Hg(NH Ac)2  =  1 8NH,Ac  +  SHg.Clo  -f-  3Hg  + 
2N2-f-2HN02-f2H20." 

According  to  tliis  equation,  hydroxylamine  hydrochloride  should 
yield  13"46  per  cent,  of  gaseous  nitrogen,  instead  of  16'15  per  cent, 
obtained  by  decomposing  the  free  base.  On  passing  rather  more  than 
the  necessary  amount  of  mercury  acetamide  solution  into  a  tube  con- 
taining hydroxylamine  hydrochloride  over  mercury,  quantities  repre- 
senting 14'34  per  cent,  and  14"23  per  cent,  were  obtained. 
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Although  equation  II  most  probably  represents  the  final  result  of 
the  action,  indications  are  not  wanting  to  show  that  intermediate 
products  are  formed.  The  first  few  drops  of  the  mercury  derivative 
produce  scarcely  any  effervescence  in  the  liquid  ;  the  formation  of  a 
greenish-yellow  precipitate,  instantly  changing  to  dirty  white,  is  the 
initial  result  of  action,  and,  although  bubbles  of  gas  continue  to  rise 
during  the  addition  of  the  first  portions  of  the  metallic  derivative, 
effervescence  does  not  become  general  and  vigorous  until  quite  one- 
third  has  been  used.  In  the  light  of  experiments  to  be  subsequently 
described,  these  circumstances  point  to  the  formation  of  an  un.stable, 
additive  compound  of  mercury  acetamide  with  hydroxylamine  hydro- 
chloride, undergoing  decomposition  as  more  of  the  former  is  added. 

A  third  set  of  conditions  prevails  when  mercury  acetamide  is  treated 
with  hydroxylamine  hydrochloride  ;  in  this  case,  the  latter  is  capable 
of  reducing  two  molecular  proportions  of  mercury  acetamide.  Although 
this  relation  is  apparently  very  simple,  complications  are  introduced 
by  the  formation  of  one  or  more  intermediate  compounds,  as  indicated 
by  the  following  facts. 

When  aqueous  hydroxylamine  hydrochloride  is  delivered  drop  by 
drop  into  a  dilute  solution  of  mercury  acetamide  while  the  latter  is 
constantly  agitated,  a  bright  yellow  precipitate  is  first  formed,  and 
rapidly  changes  to  dark  greenish-brown,  but  a  considerable  propor- 
tion of  the  total  quantity  of  salt  must  be  added  before  effervescence 
becomes  perceptible.  If  the  precipitate  formed  by  the  first  few  drops 
is  collected  and  washed  with  water,  it  effervesces  vigorously  when 
treated  with  hydroxylamine  hydrochloride,  showing  that,  in  presence 
.  of  excess  of  mercury  acetamide,  an  intermediate  compound  is  formed, 
capable  of  giving  up  its  nitrogen  when  brought  in  contact  with 
hydroxylamine  hydrochloride.  By  removing  the  precipitate  formed 
with  every  few  di'ops  of  the  hydrochloride,  before  the  next  addition  is 
made,  it  is  possible  to  remove  nearly  all  the  available  nitrogen  in  this 
form,  scarcely  any  effervescence  being  noticeable  under  these  condi- 
tions. In  consequence  of  the  complicated  influences  bearing  on  this 
change,  the  volume  of  nitrogen  obtained  on  treating  the  mercury  solu- 
tion with  hydroxylamine  hydrochloride  is  variable,  the  latter  yielding 
about  16 — 18  per  cent,  of  the  gas. 

Experiments  conducted  with  a  solution  of  hydroxylamine  hydro- 
chloride rendered  alkaline  with  potassium  carbonate  have  shown  that, 
on  adding  this  solution  to  mercury  acetamide,  the  effect  of  adding  the 
latter  to  the  former  is  scarcely  modified. 

It  will  be  seen  that,  by  means  of  mercury  acetamide,  hydroxylamine 
may  be  estimated  with  rapidity  and  accuracy.  It  is  only  necessary  to 
render  the  solution  alkaline  with  potassium  carbonate  before  titrating 
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with  a  standard  solution  of  mercury  acetamide,  which  is  delivered 
from  a  burette  in  small  quantities  at  a  time ;  when  eifervescence 
slackens,  the  metallic  derivative  is  added  more  cautiously  until  no 
liberation  of  gas  occm'S  with  one  drop  of  the  solution.  It  is  generally 
possible  to  recognise  this  stage  in  spite  of  the  mercury  suspended  in 
the  liquid,  but,  in  doubtful  cases,  a  few  drops  of  the  liquid  may  be 
filtered,  and  tested  with  a  solution  of  the  mercury  compound.  The 
method  should  gain  in  utility  from  the  fact  that  neither  niti'ites  nor 
sulphites  have  any  action  on  mercury  acetamide. 

Action  of  Mercury  Acetamide  on  jB-Phenylhydroxylamine  and  on  the 
Nitroso-derivative. 

On  agitating  an  ethereal  solution  of  )8-phenylhydroxylamine 
with  cold,  aqueous  mercury  acetamide,  mercury  is  at  once  precipitated, 
the  ether  becomes  deep  green,  and  acquires  the  characteristic,  pungent 
odour  of  nitrosobenzene.  If  a  solution  of  the  mercury  derivative 
is  added  to  water  in  which  phenylhydroxylamine  is  suspended, 
the  metal  is  precipitated,  and  considerable  rise  of  temperature 
takes  place ;  on  heating  the  liquid,  nitrosobenzene  condenses  on  the 
cool  parts  of  the  tube.  Preliminary  experiments  having  shown  that 
mercury  acetamide  is  capable  of  decomposing  approximately  two  mole- 
cular proportions  of  phenylhydroxylamine,  the  action  between  these 
compounds  was  observed  under  the  following  conditions, 

Tw^enty-two  grams  of  phenylhydroxylamine  were  suspended  in  cold 
water,  and  treated  with  100  c.c.  of  the  normal  solution  of  mercury 
acetamide,  which  was  added  in  small  quantities  at  a  time  to  the  well- 
stirred  liquid.  No  liberation  of  gas  occurred  as  in  the  case  of 
hydroxylamine,  but  the  liquid  soon  became  warm,  and  acquired  the 
penetrating  odour  of  nitrosobenzene.  A  beaker  was  found  the  most 
convenient  vessel  in  which  to  carry  out  the  operation,  because  crystals 
of  phenylhydroxylamine  become  entangled  in  the  heavy,  oily  product, 
and  these,  unless  crushed,  and  brought  into  contact  with  the  solution, 
are  liable  to  escape  decomposition.  When  the  prescribed  quantity  of 
mercury  acetamide  had  been  added,  a  portion  of  the  liquid  was  boiled 
and  filtered,  the  pale  yellow  solution  no  longer  giving  a  precipitate 
with  either  phenylhydroxylamine  or  mercury  acetamide.  A  current  of 
steam  was,  therefore,  passed  through  the  whole  product ;  the  first 
portion  of  the  distillate  consisted  of  nitrosobenzene,  obtained  as  a  dark 
green  oil,  which  rapidly  crystallised  in  colourless,  transparent  plates 
melting  at  67 — 68° ;  the  quantity  did  not  exceed  0*25  gram. 

On  continuing  the  distillation,  a  pale  yellow  oil  passed  over  very 
slowly,  about  one  gram  being  obtained  in  1 — 2  hours;  the  operation 
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was  therefore  interrupted,  and  the' distillate  and  residue  extracted  sepa- 
rately with  ether,  which  in  each  case  deposited  a  yellow  oil  when 
dried  and  evaporated.  The  product  quickly  solidified  in  long  needles 
melting  at  36°,  and  was  identified  with  azoxybenzoue  ;  it  weighed  16 
gleams.  The  residual  liquid  in  the  distilling  fiask,  after  extraction 
with  ether,  was  filtered  from  mercury,  and  evaporated  on  the  water 
bath  until  the  odourless  liquid  was  anhydrous.  The  viscous  fluid 
rapidly  solidified  Avhen  cold,  and  in  this  manner  10  grams  of  acetamide 
were  recovered. 

It  being  clear  that  mercury,  azoxybenzene,  and  acetamide  are  the 
main  products  of  the  action  of  mercury  acetamide  on  phenylhydroxyl- 
amine,  the  change  in  question  is  well  expressed  by  the  equation 

III.  2NHPh-0H  +  Hg(NHAc)2  =  ■^^^>0  +  2NH,Ac  +  Hg  +  H.O. 

In  order  to  accountfor  the  production  of  nitrosobenzene,  it  is  necessary 
to  suppose  that  a  small  quantity  of  phenylhydroxylamine  acts  with 
one  molecular  proportion  of  mercury  acetamide  instead  of  with  two, 
and  simply  parts  with  two  atoms  of  hydrogen  :  thus 

IV.  NHPh-0 H  +  Hg(NHAc)2  =  CgHs-NO  +  2NH2 Ac  +  Hg. 

In  these  circumstances,  it  was  to  be  expected  that  the  yield  of 
nitrosobenzene  might  be  augmented  if,  instead  of  adding  the  mercury 
compound  to  phenylhydroxylamine,  the  convei'se  order  of  treatment 
was  observed.  Nine  grams  of  phenylhydroxylamine  were  therefore 
added  in  small  quantities  to  50  c.c.  of  normal  mercury  acetamide 
solution  at  40 — 50°.  On  passing  steam  through  the  product,  it  was 
found  that  another  gram  of  phenylhydroxylamine  was  sufiicient  to 
remove  all  the  mercury  from  solution.  The  proportion  of  hydroxyl- 
amine  derivative  to  mercury  acetamide  was  therefore  lower  than  in 
the  first  case,  as  equation  IV  requires  ;  the  nitrosobenzene  which  dis- 
tilled over  weighed  0*75  gram,  representing  a  yield  just  six  times 
more  favourable  than  that  obtained  under  the  conditions  of  the 
previous  experiment. 

From  these  results,  it  is  evident  that  mercury  acetamide  derives  the 
hydrogen  required  to  liberate  the  metal  almost  exclusively  from  the 
imino-group  of  the  hydroxylamine  derivative.  It  became  of  interest, 
therefore,  to  examine  the  behaviour  towards  the  former  compound  of  a 
substance  in  which  the  iminic  hydrogen  is  replaced.  The  nitroso- 
derivative  is  the  most  convenient  for  this  purpose,  and,  as  might  be 
expected,  no  precipitation  of  mercury  occurs  on  treating  the  alcoholic 
solution  with  mercury  acetamide.  On  the  contraiy,  combination  takes 
place  between  molecular  proportions  of  the  two  substances,  yielding 
a  definite,  crystalline,  double  compound. 
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'  Six  grams  of  nitroso-y8-phenylhydroxylamine  were  dissolved  in 
alcohol,  and  treated  with  a  solution  of  13"7  grams  (1  mol.)  of  mercury 
acetamide  in  75  per  cent,  alcohol,  and  the  bulky,  greenish-yellow  pre- 
cipitate which  immediately  separated  was  collected  and  washed  with 
alcohol.  After  being  drained  on  porous  earthenware,  it  was  crystallised 
from  boiling  acetone,  in  which  it  dissolves  somewhat  freely,  separating 
in  pale  yellow,  lustrous  needles  as  the  liquid  cools.  It  gives  Lieber- 
mann's  reaction,  and  melts  to  a  deep  brown  liquid  at  125°,  when  gas 
is  liberated. 

0-2346  gave  24*5  c.c.  of  moist  nitrogen  at  24°  and  764  mm.    N  =  1 1  -77. 
CgHgN202,Hg(NHAc)2  requires  N=  12-33  per  cent. 

The  substance  is  quite  insoluble  in  boiling  water,  but  dissolves 
readily  in  hot  alcohol,  from  which  it  separates  in  pale  yellow  needles 
mingled  with  amorphous  nodules ;  acetone  is,  therefore,  a  more  con- 
venient solvent  to  employ  for  recrystallisation,  but  the  solution  in  this 
medium,  which  is  pale  yellow  at  first,  becomes  green  after  some  hours, 
or  more  quickly  when  boiled.  Caustic  soda  decomposes  it,  changing 
the  colour  of  the  crystals  to  brown  ;  the  filtrate,  however,  gives  no 
precipitate  when  acidified.  Dilute  hydrochloric  acid,  on  the  other 
hand,  dissolves  the  substance  when  gently  heated,  caustic  soda  giving 
a  yellow  precipitate  in  the  liquid  ;  on  boiling  the  solution,  nitroso- 
benzene  is  produced.  Cold,  concentrated  sulphuric  acid  decomposes  the 
double  compound,  and  develops  a  deep  green  coloration. 

Action  of  Mercury  Acetamide  on  Hydrazine. 

In  many  respects,  the  behaviour  of  hydrazine  towards  mercury 
acetamide  recalls  that  of  hydroxylamine.  Both  substances  readily 
replace  mercury  by  hydrogen  in  the  metallic  derivative,  converting  it 
into  mercury  and  acetamide,  while  nitrogen  is  set  free.  Moreover,  in 
the  case  of  each  base,  the  action  differs  from  that  occurring  with  the 
hydrochloride,  the  latter  giving  rise  to  mercurous  chloride.  A  third 
point  of  resemblance  lies  in  the  fact  that  hydrazine  hydrochloride  is 
capable  of  precipitating  a  larger  proportion  of  mercury  acetamide 
when  it  is  added  to  the  latter  than  when  it  is  treated  with  it.  There 
is,  however,  one  most  important  difference.  Whilst  only  four-fifths 
of  the  nitrogen  in  hydroxylamine,  and  two-thirds  of  that  in  the  hydro- 
chloride, are  liberated  by  the  agency  of  mercury  acetamide,  this 
compound  sets  free  all  the  nitrogen  from  both  hydrazine  and  its 
hydrochloride. 

A  standard  solution  of  hydrazine  hydrochloride  was  prepared  con- 
taining 1  gram  molecule  in  4,000  c.c.   of   the  liquid.     Four  c.c.  were 
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then  treated  with  an  equal  bulk  of  normal  potassium  carbonate,  and 
titrated  with  normal  mercury  acetamide.  The  first  drop  produced  a 
bright  yellowish-green  precipitate,  which  instantly  became  dark  grey;  as 
more  of  the  metallic  solution  was  added,  effervescence  took  place  and 
heat  was  developed.  The  above  quantity  of  hydrazine  solution  required 
2 "05  c.c.  of  normal  mercury  acetamide  for  complete  oxidation,  and  in 
a  second  experiment  3"05  c.c.  were  required  by  6  c.c.  of  the  base. 
Under  these  conditions,  therefore,  hydrazine  is  capable  of  reducing 
two  molecular  proportions  of  mercury  acetamide,  as  represented  by 
the  equation 

V.     N2H4  +  2Hg(NHAc)2  =  4NH2AC  +  Ng  4  2Hg. 

The  volume  of  gas  actually  liberated  agrees  with  the  quantity  re- 
quired by  this  expression.  In  two  experiments,  4  c.c.  of  the  hydrazine 
solution  yielded  quantities  of  nitrogen  i-epresenting  27*66  per  cent,  and 
26*55  per  cent,  of  the  salt  employed  ;  hydrazine  hydrochloride  contains 
26  74  per  cent,  of  nitrogen. 

The  hydrochloride  alone  was  next  titrated  with  mercury  acetamide, 
when  the  salt  was  found  capable  of  precipitating  mercury  from  three 
molecular  proportions  of  mercury  acetamide,  according  to  the  equation 

VI.  N2H^,2HC1  +  3Hg(NHAc)2  =  6NH2AC  -f  Hg2Cl2  +  K,  -l-  Hg. 

As  in  the  corresponding  case  of  hydroxylamine  hydrochloride,  the 
precipitate  was  a  mixture  of  mercury  and  calomel. 

In  adding  the  solution  of  mercury  acetamide,  it  was  noticed  that 
the  first  drop  produced  a  yellow  precipitate  which  rapidly  darkened 
without  liberating  gas  ;  further  quantities  changed  the  colour  of  the 
suspended  matter  to  dirty  white,  still  without  any  considerable  evolu- 
tion of  gas,  until,  when  more  than  half  the  necessary  quantity  had 
been  added,  the  precipitate  became  dark  grey,  and  brisk  effervescence 
took  place.  These  changes  were  more  noticeable  in  the  following 
experiment.  Four  c.c.  of  normal  mercury  acetamide  were  added  in 
four  equal  portions  to  the  same  volume  of  hydrazine  hydrochloride 
contained  in  a  graduated  tube  over  mercury.  The  first  addition  pre- 
cipitated a  dirty  white  solid  in  the  liquid,  and  produced  about  2  c.c. 
of  gas,  approximately  twice  this  quantity  ai'ising  from  the  second  c.c. 
of  the  mercury  solution,  which  also  inci'eased  the  bulk  of  the  white 
precipitate  ;  the  latter  became  grey  when  the  third  portion  was  added, 
about  15  c.c,  of  nitrogen  being  generated  ;  and  the  fourth  c.c,  without 
altering  the  appearance  of  the  solid  product,  slightly  increased  the 
volume  of  gas.  In  all,  24*6  c.c.  of  moist  nitrogen  at  20-5°  and  768  mm. 
were  obtained,  representing  27'10  per  cent,  of  nitrogen  in  the  hydro- 
chloride employed.       This    result    agrees    with    the   requirements  of 
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equation  YI,  from  which  hydrazine  hydrochloride  is  expected  to  yield 
the  total  theoretical  amount  (26'74  per  cent.)  of  nitrogen. 

If,  instead  of  adding  mercury  acetamide  to  hydrazine  hydrochloride, 
the  former  ivS  titrated  with  the  latter,  the  mercury  derivative  is  capable 
of  decomposing  only  a  quarter  molecular  proportion  of  the  salt. 
Although  the  relation  between  the  two  substances  is,  under  these  con- 
ditions, a  simple  one,  it  will  be  found  difficult  to  express  the  course  of 
the  change  by  an  equation.  There  can  be  no  doubt  that  the  reaction 
is  complicated  by  the  formation  of  intermediate  products,  as  in  the  case 
of  hydroxylamine  hydrochloride.  It  is  quite  possible  that  the  high 
proportion  of  mercury  acetamide  required  to  satisfy  the  hydrochlorides 
in  question,  when  the  latter  are  added  to  it,  is  due  to  combination 
occurring  between  the  unaltered  substance — which  is  in  local  excess — 
and  the  mercurous  chloride  generated  in  the  action.  Although  this  view 
gains  support  from  the  fact  that  mercury  acetamide  forms  an  insoluble 
compound  with  mercurous  nitrate,  it  must  be  admitted  that  the  precipitate 
formed  on  adding  hydrazine  hydrochloi'ide  to  mercury  acetamide  does 
not  yield  ammonia  when  boiled  with  soda  ;  if  it  contained  a  compound  of 
the  nature  indicated  above,  one  would  expect  ammonia  to  be  produced. 

Action  of  Mercury  Acetamide  on  Phenylhydrazine  and  its  Derivatives. 

When  dry  merciiry  acetamide  is  added  to  phenylhydrazine,  mercury 
is  at  once  precipitated  in  a  finely  divided  state.  Separation  of  the 
metal  is  attended  with  rapid  and  considerable  rise  of  temperature, 
whilst  a  relatively  large  volume  of  gas  is  liberated  ;  at  a  very  short 
interval,  the  odour  of  benzene  becomes  perceptible.  If  the  action  is 
moderated  by  the  presence  of  water,  it  becomes  possible  to  follow  its 
course,  and  isolate  the  products. 

Fifty  grams  of  phenylhydrazine  were  suspended  in  about  100  c.c. 
of  water,  and  treated  with  an  aqueous  solution  of  73  grams  (^  mol.)  of 
mercury  acetamide.  The  latter  was  added  in  small  quantities  at  a 
time,  each  addition  giving  rise  to  vigorous  effervescence,  accompanied 
by  considerable  rise  of  temperature,  whilst  finely  divided  mercury  was 
precipitated,  and  quickly  collected  in  a  shining  globule.  After  the 
prescribed  amount  of  mercury  acetamide  had  been  added,  it  was  found 
necessary  to  treat  the  liquid  with  about  10  grams  more  before  gas 
ceased  to  be  evolved,  A  pronounced  odour  of  benzene  had  meanwhile 
become  perceptible,  and  the  flask  was,  therefore,  connected  with  a  con- 
denser, and  heated  on  a  water  bath.  The  distillate,  when  washed  with 
dilute  hydrochloric  acid,  and  dried  with  calcium  chloride,  passed  over 
entirely  below  80",  and  was  readily  identified  with  the  hydrocarbon  :  it 
weighed  10  grams. 

After  the  greater  part  of  the  benzene  had  been  removed,  a  current 
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of  steam  was  passed  through  the  liquid,  and  when  the  distillate,  which 
was  at  first  pale  yellow,  no  longer  floated  on  water,  the  receiver  was 
changed,  and  the  distillation  continued  until  all  volatile  matter  except- 
ing mercury  had  been  removed.  Neither  the  heavy,  red  oil  obtained  in 
this  way,  nor  the  yellow  product  forming  the  first  fraction,  was  capable 
of  reducing  Fehling's  solution,  showing  that  the  phenylhydrazine 
employed  in  the  experiment  had  been  completely  decomposed.  In  order 
to  remove  non-basic  substances,  the  combined  distillate  was  treated 
with  hydrochloric  acid  and  distilled  in  a  current  of  steam ;  alkali  was 
then  added,  and  steam  again  passed  through  the  liquid,  which  yielded 
15  grams  of  aniline  boiling  at  181°. 

The  mercury  remaining  in  the  distilling  flask  weighed  50  grams.  A 
small  quantity  of  a  dark-brown  oil,  which  had  resisted  the  continued 
action  of  steam,  solidified  as  the  liquid  cooled,  and  when  spread  on 
porous  earthenware  yielded  pale  brown  crystals  which  became  almost 
colourless  when  washed  with  cold  alcohol.  The  substance  contained 
mercury,  and  crystallised  from  boiling  alcohol  in  lustrous,  pale-yellow 
needles  melting  at  125 — 126°;  scarcely  soluble  in  cold  alcohol,  it  dis- 
solved freely  in  benzene,  however,  and  therefore  agreed  closely  with 
the  described  properties  of  mercury  diphenyl. 

Benzene,  aniline,  mercury,  and  mercury  diphenyl  having  been  thus 
removed,  the  dark-brown  liquid,  which  had  a  powerful,  tarry  odour, 
was  boiled  with  animal  charcoal,  filtered,  and  evaporated ;  the  residue 
remained  liquid  when  all  the  water  had  been  removed,  but  rapidly 
crystallised  when  the  source  of  heat  was  withdrawn.  The  product, 
consisting  of  acetamide,  weighed  14 "5  grams,  and  did  not  yield  ammonia 
when  treated  with  cold,  aqueous  soda. 

It  is  noteworthy  that  acetamide  recovered  from  the  mercury  deriva- 
tive by  the  action  of  such  reducing  agents  as  hydroxylamine,  phenyl- 
hydroxylamine,  and  phenylhydrazine,  is  absolutely  odourless  ;  when 
distilled,  however,  it  acquires  the  characteristic  odour  associated  with 
acetamide  prepared  by  ordinary  methods. 

The  amount  of  mercm-y  recovered  from  the  liquid  being  almost  equal 
to  that  required  by  theory  (50  grams  instead  of  53)  suggested  the 
possibility  of  estimating  the  quantity  of  phenylhydrazine  in  a  com- 
mercial specimen  of  the  base,  by  weighing  the  metal  set  free  from  a 
slight  excess  of  mercury  acetamide.  Experiments  were,  therefore, 
undertaken,  with  a  view  to  ascertain  whether  concordant  determina- 
tions could  be  made  in  this  way.  A  known  weight  of  phenyl- 
hydrazine  was  treated  in  a  small  weighed  beaker  with  finely  powdered 
mercury  acetamide,  which,  in  small  quantities  at  a  time,  was  added 
until  bubbles  of  gas  no  longer  appeared ;  after  an  interval,  the  globule 
of  mercury  was  washed  by  decantation  several  times  with  alcohol, 
dried  in  the  desiccator,  and  weighed. 
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L  1-7253  phenylhydrazine  gave  1-6909  Hg.  Hg  =  98-0  per  cent. 

IT.  1-0978  „  „      1-0679  Hg.  Hg  =  97-3 

III.  1-2217  „  „      1-1788  Hg.  Hg  =  96-5 

lY.  1-1313  „  „      1-1172  Hg.  Hg  =  98-7 

The  proportion  of  metal  to  be  expected  on  adding  exactly  a  half 
molecular  proportion  of  mercury  acetamide  is  92 '6  per  cent,  of  the 
weight  of  phenylhydrazine  employed ;  as  might  have  been  anticipated 
from  the  result  of  the  experiment  conducted  on  a  large  scale,  some- 
what more  than  this  quantity  is  precipitated  in  the  ultimate  decom- 
position of  the  base.  The  determinations  quoted,  however,  ax-e  in 
sufficient  agreement  with  one  another  to  show  that  mercury  acetamide 
will  afford  a  means  of  estimating  phenylhydi'azine  when  a  standard 
percentage  of  metal  corresponding  to  the  pure  base  has  been  es- 
tablished. 

A  curious  feature  of  the  precipitation  of  mercury  with  phenyl- 
hydrazine  is  worthy  of  note.  "When  finely  divided  mercury  acetamide 
is  added  to  the  base,  mercury  separates  as  a  grey  powder,  and  after  a 
few  minutes  aggregates  to  a  lustrous  globule  which  may  be  easily 
washed  by  decantation  without  loss.  If,  on  the  other  hand,  the 
mercury  compound  is  covered  with  excess  of  phenylhydrazine,  the 
metal  remains  in  the  form  of  powder  even  after  continued  treatment 
with  alcohol ;  the  mercury,  however,  if  washed  carefully,  may  be 
weighed  without  serious  loss,  as  the  following  determinations  will 
show. 

I.  1-3014  mercury  acetamide  gave  0-7891  Hg.  Hg=60'6  per  cent. 

II.  0-9773         „  „  „      0-5988  Hg.  Hg  =  61-3 

III.  1-2213         „  „  „      0-7517  Hg.  Hg  =  61-5 

IV.  1-1490         „  „  „      0-7115  Hg.  Hg  =  61-9 

Hg(NHAc).,  requires  Hg  =  63-3  per  cent. 

The  action  of  mercury  acetamide  on  phenylhydrazine  cannot  be 
represented  by  a  simple  equation.  It  is  possible  to  formulate  the 
change  by  an  expression  based  on  the  yield  of  benzene  and  aniline 
obtained  experimentally,  and  on  the  relative  quantities  of  the  mercury 
compound  and  phenylhydrazine  required  for  complete  mutual  decom- 
position, but  such  an  equation  would  take  no  account  of  the  produc- 
tion of  mercury  diphenyl ;  moreover,  the  quantity  of  gas  actually 
evolved  falls  considerably  below  the  expected  amount,  probably  owing 
to  the  formation  of  resinous  products  rich  in  nitrogen.  It  is  not 
unlikely  that  phenyldiazoimide  is  also  produced,although  this  substance 
was  not  isolated  :  it  is  formed  in  small  quantities  when  mercuric 
oxide  is  treated  with  a  solution  of  phenylhydrazine  sulphate,  diazo- 
benzene  sulphate  being  the  chief  product.     Mei-curic  oxide  converts 
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the  free  base  into  aniline,  nitrogen,  and  mercury  diphenyl  (E.  Fischer, 
A7inalen,  1879,  199,  320). 

The  activity  which  phenylhydrazine  displays  towards  mercury 
acetamide  is  reflected  by  its  derivatives.  When,  for  instance,  the 
mercury  compound,  dissolved  in  water,  is  added  drop  by  drop  to 
aqueous  phenylhydrazine  hydrochloride,  a  dirty  white  precipitate  is 
formed,  and  becomes  dark  olive  green  with  more  of  the  agent,  which 
induces  slow  and  continuous  effervescence ;  the  precipitate,  when 
filtered  and  washed,  yields  mercurous  chloride  on  treatment  with  hot, 
dilute  nitric  acid.  An  alcoholic  solution  of  acetylphenylhydrazine, 
treated  with  mei'cury  acetamide  dissolved  in  75  per  cent,  alcohol, 
remains  clear  for  a  few  seconds,  when  finely  divided  mercury  suddenly 
appears ;  more  vigorous  action  takes  place  on  heating  the  liquid, 
which  ultimately  yields  a  heavy  precipitate  of  the  metal.  Pyruvic 
phenylhydrazone,  phenylglucosazone,  and  phenylsemicarbazide  resist 
the  action  of  mercury  acetamide  in  cold  solutions,  but  undergo  oxida- 
tion when  heated  with  it,  mercury  being  precipitated.  Benzylidene- 
phenylhydrazone  may  be  boiled  during  1 — 2  minutes  with  alcoholic 
mercury  acetamide  without  undergoing  appreciable  change  ;  on  allow- 
ing the  liquid  to  stand,  however,  it  becomes  cherry-red,  finally  acquir- 
ing a  deep,  port-wine  colour,  and  mercury  is  precipitated. 

Action  of  Mercury  Acetamide  on  Hydrazohenzene. 

A  solution  of  1-8  grams  of  hydrazohenzene  in  alcohol  was  treated 
with  3"2  grams  of  mercury  acetamide  dissolved  in  75  per  cent,  spirit; 
a  finely-divided  precipitate  of  mercury  was  immediately  produced,  the 
pale  yellow  colour  of  the  solution  changing  to  red ;  there  was  no 
liberation  of  gas.  The  liquid  was  then  gently  heated,  and,  after  a 
short  interval,  filtered,  and  evaporated  on  the  water  bath  to  a  small 
bulk.  Azobenzene  crystallised  from  the  diluted  solution  in  charac- 
teristic, red  plates  melting  at  68°.     The  equation, 

YII.  NHPh-NHPh  +  Hg(N.HAc).  =  NPhlNPh  -f  Hg  -f  2NH2AC, 

represents  the  interaction  of  mercury  acetamide  and  hydrazohenzene ; 
the  yield  of  azobenzene  is  practically  quantitative. 

Action  of  Mercury  Acetamide  on  Diazoamidohenzene. 

Ten  grams  of  diazoamidobenzene  wei-e  dissolved  in  alcohol,  and 
added  to  a  cold  solution  of  16  grams  (1  mol.)  of  mercury  acetamide  in 
the  same  medium,  and  the  copious,  bright  yellow  precipitate  which 
immediately  separated  was  collected,  washed,  and  drained  on  porous 
earthenware ;  the  substance  thus  obtained  crystallises  from  both 
chloroform  and  acetone  in  felted  masses  of  thread-like,  bright  yellow 
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needles,  and  melts  at  242°,  at  which  temperature  it  decomposes  vigor- 
ously ;  it  yields  mercury  when  distilled  with  lime. 

0-1822  gave  22-1  c.c.  of  moist  nitrogen  at  19°  and  764  mm.   1^  =  14-01. 
Cj2Hj^]Sr3,Hg(NHAc)2  requires  ISr  =  13-64  per  cent. 

The  sparing  solubility  of  the  double  compound  in  common  solvents  is 
remarkable.  Chloroform  was  found  the  least  inconvenient  medium  to 
employ,  but  1,000  c.c.  of  the  boiling  solvent  suffice  to  dissolve  only 
1  gram  of  the  substance,  which  is  scarcely  soluble  in  the  cold  agent. 
A  freshly  prepared  solution  is  pale  yellow,  but  becomes  deep  brown 
on  standing  for  several  hours. 

When  treated  with  cold,  dilute  hydrochloric  acid,  the  substance 
slowly  dissolves,  forming  a  cherry-red  solution,  in  which  alkalis  and 
alkali  carbonates  produce  a  yellow  precipitate.  On  adding  a  concen- 
trated aqueous  solution  of  platinum  tetrachloride  to  the  acid  liquid, 
bright  red  needles  are  formed  containing  31-93  per  cent,  of  platinum. 
The  identity  of  the  salt,  however,  has  not  been  established.  Diazo- 
amidobenzene  platinochloride,  (CT2H^iNg)o,H2PtClg,  which  one  would 
expect  to  be  formed,  contains  24-19  per  cent,  of  platinum,  and  explodes 
feebly  at  100°;  the  platinochloride  described  above  changes  colour  to 
pale  brown  at  about  100°,  bvit  does  not  melt  or  decompose  below  233°, 
when  it  chars  and  intumesces.  A  platinochloride  of  diazoamido- 
benzene  having  the  formula  C^2-Eti4-^3»-'^3-'P^^^6  would  contain  32-01 
per  cent,  of  platinum. 

Action  of  Mercury  Acetamide  on  Aniline. 

Mercury  acetamide  dissolves  in  warm  aniline,  and  crystallises  from 
the  solution.  The  liquid  darkens  when  boiled,  but  no  separation  of 
metal  takes  place,  and  on  allowing  the  viscous  solution  to  cool,  mercury 
acetamide  no  longer  crystallises  out. 

Thirty  grams  of  the  finely-divided  mercury  compound  were  dissolved 
in  35  grams  of  hot  aniline,  and  the  solution  gently  boiled  during  5 
minutes ;  it  became  dark  brown,  but  remained  clear,  and  did  not 
deposit  crystals  on  cooling.  It  was  therefore  treated  with  hot  water, 
and  distilled  in  steam  until  aniline  no  longer  appeared  in  the  distillate  ; 
the  residual  liquid  was  then  boiled  with  animal  charcoal,  filtered,  and 
evaporated  on  the  water  bath.  The  jxile  brown,  viscous  residue 
gradually  hardened  in  the  desiccator,  forming  an  excessively  tough, 
hygroscopic,  opaque  mass,  in  which  crystals  could  not  be  detected. 
Although  the  product  was  very  ill-defined,  there  can  be  little  doubt  that 
union  between  the  two  compounds  had  actually  taken  place ;  this  is 
clearly  shown  by  the  following  compai'ison  of  the  substance  with 
mercury  acetamide. 
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Mercury  acetamide. 


1.  Caiistic  soda  produces  no  change  in 
cold  solutions. 

2.  Remains   clear  with  dilute  hydro- 
chloric acid. 

3.  Potassium  iodide  gives  no  precipitate. 


4.  Phenylhydraziue  precipitates  mer- 
cury which  quickly  collects  in  a  globule  ; 
much  heat  is  developed,  and  brisk  effer- 
vescence takes  place. 


5.  Hydrazine  hydrochloride  at  first 
forms  a  yellow  precipitate,  which  rapidly 
turns  dark  grey  ;  brisk  effervescence 
follows  continued  addition  of  the  salt. 


6.  Hydroxylamine  hydrochloride  gives 
rise  to  a  yellow  precipitate  which  in- 
stantly turus  dark  grey  ;  brisk  effer- 
vescence and  rise  of  temperature  occur 
at  the  same  time. 


Aniline  derivative. 


1,  Caustic  soda  precipitates  aniline. 


2.  Dilute  hydrochloric  acid  produces 
a  copious,  white  precipitate. 

3.  Potassium  iodide  gives  a  bulky, 
dirty  yellow,  gelatinous  precipitate. 

4.  Phenylhydrazine  precipitates  mer- 
cury which  remains  in  the  form  of  a 
sticky,  greenish  deposit ;  feeble  effer- 
vescence occurs,  but  rise  of  temperature 
is  scarcely  perceptible. 

5.  Hydrazine  hydrochloride  produces 
a  copious,  white  precipitate,  which 
undergoes  no  change  in  appearance,  and 
does  not  yield  gas  with  excess  of  the 
agent.  Slight  darkening  occurs  on 
boiling. 

6.  Hydroxylamine  hydrochloride  gives 
a  dense  white  precipitate  which  remains 
unaltered  by  excess  of  the  salt.  No 
separation  of  mercury  takes  place  when 
the  substance  is  boiled  with  water. 


The  above  tests  were  performed  in  each  ease  with  an  aqueous  solu- 
tion of  the  substance  in  question. 


From  the  experiments  described  in  this  paper,  it  will  be  recognised 
that  mercury  acetamide  is  an  unexpectedly  active  substance.  Its 
tendency  to  lose  mercury  in  exchange  for  hydrogen  is  more  freely 
displayed  in  presence  of  compounds  in  which  that  element  is  attached 
to  nitrogen,  particularly  when  an  amino-,  imino-,  or  hydroxyl  group  is 
to  be  found  in  the  neighbourhood.  It  is  distinguished  by  this  be- 
haviour as  a  convenient  means  of  detecting  primary  and  secondary 
hydrazines,  and  primary  hydroxylamines,  all  of  which  resolve  the 
substance  into  mercury  and  acetamide.  Its  capacity  for  producing 
additive  compounds  is  quite  astonishing.  In  addition  to  the  products 
obtained  from  nitroso-^-phenylhydroxylamine,  aniline,  and  diazoamido- 
benzene,  precipitates  are  formed  on  adding  mercury  acetamide  to 
solutions  of  amidoazobenzene,  methylamine  and  bornylamine  hydro- 
chlorides, alloxantin,  resorcinol,  and  citric,  tartaric,  and  oxamic  acids ; 
these  substances  represent  a  very  large  proportion  of  those  with  which 
experiments  have  been  made,  and  doubtless  other  classes  of  com- 
pounds are  capable  of  exhibiting  similar  behaviour. 

3  i£  2 
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Its  oxidising — or,  rather,  dehydrogenising — influence  is  not  confined 
to  nitrogen  derivatives,  although  these  have  been  dealt  with  exclu- 
sively on  the  present  occasion.  An  aqueous  solution  of  quinol,  for 
instance,  rapidly  becomes  green  when  treated  with  mercury  acetamide, 
from  which  the  metal  is  precipitated,  whilst  the  distinctive  odour  of 
quinone  becomes  perceptible.  Pyrogallol  yields  an  unstable,  red 
product,  which  soon  darkens,  and  finally  becomes  almost  black,  owing 
to  separation  of  mercury.  A  cold  solution  of  formic  acid  is  indifferent 
towards  the  substance,  but  vigorous  action  takes  place  on  boiling  the 
liquid,  which  then  deposits  mercury.  Formaldehyde  is  also  unaffected 
at  first,  and  remains  clear  for  at  least  1  minute  when  boiled  with  the 
mercury  compound  ;  the  metal  afterwards  separates,  however,  forming 
a  lustrous  mirror,  whilst  yellow  mercuric  oxide  remains  suspended  in 
the  liquid. 

Royal  College  of  Science,  London. 


LXXIV. — Sulijliocampkylic  Acid  and  Isolauronolic 
Acid*  ivith  Remarks  on  the  Constitution  of  Camphor 
and  of  some  of  its  Derivatives. 

By  W.  H.  Perkin,  jun. 

Introduction. 

The  constitution  of  camphor  still  remains  unsolved,  in  spite  of  the  enor- 
mous amount  of  work  which  has  been  done  dui-ing  the  last  few  yeai'S 
in  almost  every  conceivable  direction. 

It  is  well  known  that  camphor,  Cj^jH^qO,  on  oxidation,  yields 
camphoi'ic  acid,  CgH^4(COOH)2,  and  that  this  acid,  on  further  oxida- 
tion, yields  cainjyhanic  acid,  CgH^3(OH)(COOII).2,  camj^horonic  acid, 
CgHj^(C00H)3,  and  other  acids  containing  a  smaller  number  of  carbon 
atoms,  but  although  the  constitution  of  camphoronic  acid  has  now 
been  conclusively  proved,  there  is  still  very  considerable  doubt  as  to 
the  formula;  of  camphoric  acid  and  camphanic  acid. 

That  the  relationship  existing  between  camphor  and  camphoric  acid 
is  a  very  close  one  is  proved,  not  only  by  the  fact  that  camphoric  acid 

*  Noycs  {Bcr.,  1895,  28,  549)  proposes  to  alter  the  name  of  this  acid  to 
'•w-campholytic  acid,  and  to  reserve  the  name  isolauronolic  acid  for  an  isomeric  acid 
wliich  lie  has  prepared.  As,  however,  this  is  likely  to  cause  much  confusion,  and 
there  seems,  in  the  meantime,  no  sufficient  reason  for  the  change,  it  has  not  beei^ 
adopted  in  this  paper. 
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is   so  readily  formed  by  oxidising  camphor,  but  also   by  the  formation 
of  this  acid  from  camphorquinone. 

Claisen    and    Manasse    {Annalen,    1893,    274 — 286)    showed    thut 

camphor  is  readily  converted  into  isonitrosocamphor,  CyHi^\  i '  , 

by  treatment  with  amylic  nitrite  and  sodium  methoxide,  and  from  this 
compound,  by  treatment  with  nitrous  acid,  they  obtained  camphor- 

qumone,  C^K,^<^^^. 

From  camphorquinone,  camphoric  acid  is  readily  obtained  by  the 
action  of  a  solution  of  potash  in  methylic  alcohol,  hydrolysis  and  oxi- 
dation (due  to  the  oxygen  of  the  air)  taking  place  simultaneously. 

n  XT    /CO      XT  r^      r.  n  is    /COOH 

CsHh<^^  +  H,0  +  0      =      <^8Hu<c00K- 

This  series  of  simple  reactions  fully  confirms  the  view,  which  has 
long  been  held  by  chemists,  that  camphor  contains  the  group 
-CHg'CO-,  and  that  when  it  is  converted  into  camphoric  acid, 
this  group  is  oxidised  to  two  carboxyl  groups. 

Camplior.  Camphoric  acid. 

It  follows,  therefore,  that  the  constitution  of  camphor  could  be 
readily  deduced  from  the  constitution  of  camphoric  acid,  and  this 
accounts  for  the  great  number  of  experiments  which  have  been  carried 
out  with  this  acid. 

Bredt's  suggestion  {Ber.,  1893,  26,  3049),  that  camphoronic  acid  has 
the  constitution 

(CH3)oC-C00H 
CH3^C-CH2-COOH 
COOH 

was  the  first  great  advance  in  elucidating  the  formula  of  camphoric 
acid,  and  now  that  this  constitution  of  camphoronic  acid  has  been 
proved  by  the  synthesis  of  the  acid  (Parkin  and  Thorpe,  Trans., 
1897,  71,  1169),  it  can  be  stated  with  certainty  that  camphoric  acid, 
Cj^H^gO^,  contains  9  of  its  carbon  atoms  grouped  in  the  following  way. 

{CH3),C-C 
CHo-C-C-C. 

c 

This  fact  disposes  of  a  numberof  formulae  which  had  been  suggestedfor 
camphoric  acid,  such  as  those  of  V.  Meyer  and  Ballo,  and  of  Tiemann, 
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but,  on  the  other  hand,  it  does  not  afford  a  sufficient  basis  on  which  to 
build  up  a  constitution  for  camphoric  acid  that  shall  not  be  open  to 
question. 

Arguing  from  the  formula  of  camphoronic  acid,  Bredt  {Joe.  cit., 
p.  3049)  has  suggested  that  camphoric  acid  is  probably  represented 
thus. 

CH-COOH 

CHg-C-COOH 

and  this  well-known  formula  does  undoubtedly  explain  a  very  large 
number  of  the  reactions  of  the  acid  in  a  comparatively  simple  manner. 
The  investigation  of  sulphocamphylic  acid  and  of  isolauronolic  acid, 
on  which  the  author  of  this  paper  has  been  engaged  during  the  last 
nine  years,  has,  however,  brought  to  light  some  facts  which  it  seems 
almost  impossible  to  explain  with  the  aid  of  Bredt's  formula,  and  this 
led  the  author,  in  1896  (Proc,  1896,  p.  191*),  to  suggest  that  the 
constitution  of  camphoric  acid  might  equally  well  be  represented  by 
the  following  formulte. 

CH, CH-COOH  CHg CHg 

I.     (CH3)2C    "^CHg  II.     (CH3)2C  ^^^CH-COOH 


CHg-C-COOH  CHg-C-COOH 

An  acid  having  either  of  these  formulje  could,  on  oxidation,  yield 
camphoronic  acid  quite  as  well  as  an  acid  of  the  constitution  suggested 
by  Bredt. 

It  will  furthermore  be  shown  that  the  results  obtained  in  the  investi- 
gation of  isolauronolic  acid  can  only  be  readily  explained  on  the 
assumption  that  formula  I  is  the  correct  expression  for  the  constitu- 
tion of  camphoric  acid,  and  for  this  reason  this  formula  has  been 
adopted  in  this  paper. 

Among  the  many  remarkable  reactions  in  the  camphor  group,  one 
of  the  most  interesting  is  certainly  the  decomposition  which  takes 
place  when  camphoric  acid  is  gently  heated  with  concenti-ated  sulphuric 
acid,  the  camphoric  acid  being  converted  almost  quantitatively  into 
8ulphocamj)hylic  acid,  with  evolution  of  carbonic  oxide. 

CioH.gO,  4-  H2SO4  =  C9H14SO5  +  Q0+  2H,0. 

This  decomposition  was  first  observed  by  Walter  {Ann.  Chim.  Ph., 
1843,  [iii],  9,  177),  and  subsequently  investigated  by  Kachler  {Ann- 

*  There  is  aii  nnfortuiiatc  printer's  error  (in  the  abstract)  in  the  first  of  these 
formula,  two  hydrogen  atoms  having  been  oniitted. 
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alen,  1873,  169,  179)  and  Damsky  (/?er.,  1887,  20,  2959),  and  for 
many  years  the  formula  for  crystallised  sulphocamphylic  acid  was 
supposed  to  be  CyHnjSO^.  +  2HoO,  a  formula  by  which  it  is  represented 
in  the  last  edition  of  Beilstein's  Ifandbuch  (vol.  i,  p.  905). 

During  the  course  of  further  experiments  on  this  acid,  it  was,  how- 
ever, clearly  proved  by  Koenigs  and  Meyer  {Ber.,  1894,  27,  346G), 
as  well  as  by  the  author  (Proc,  1895,  p.  23),  that  sulphocamphylic 
acid  in  reality  has  the  formula  0^,11^^80^,,  and  that  it  crystallises  with 
3HoO,  two  of  which  are  given  oil  at  100°  and  the  third  at  about  110°, 
and  the  proof  of  this  fact  may  be  briefly  stated  as  follows. 

When  the  silver  salt  of  sulphocamphylic  acid  is  treated  with  methylic 
iodide,  the  dimethylic  salt  is  obtained,  and  this,  on  analysis,  was  shown 
to  have  the  formula  C<,Hj2S05(CH3)2  (Koenigs  and  Meyer,  loc.  cit., 
p.  3467). 

Similarly,  the  potassium  salt  of  sulphocamphylic  acid,  when  treated 
with  phosphorus  pentachloride  or  pentabromide,  yields  the  sulpho- 
chloride  or  sulphohromide,  and  these,  on  analysis,  give  numbers  agree- 
ing sharply  with  the  formula?  Cc,Hi302(S02Cl)  and  C9Hi30._,(SO.,Br), 
formulae  which  clearly  prove  that  the  composition  of  sulphocamphylic 
acid  must  be  CgHjgOg'SOgH,  and  not  CgHj^Og-SOgH,  as  was  at  first 
supposed. 

Furthermore,  it  has  been  conclusively  shown  by  the  analysis  of  a 
number  of  metallic  salts,  as  well  as  by  the  formation  of  the  dimethylic 
salt  mentioned  above,  that  sulphocamphylic  acid  is  dibasic,  and  there- 
fore its  formula  may  be  written  CgHj^(S03H)'C00H. 

The  investigation  of  the  .sulphochloride  and  sulphohromide  of  sulpho- 
camphylic acid  has  given  very  interesting  results,  some  of  which  are 
described  in  this  paper ;  others  are  reserved  for  a  future  communi- 
cation. 

The   sulphochloride*    is  a   beautiful,   crystalline   substance,   which 

melts  at   168°,  and  is  at  the  same  time  decomposed  with  evolution  of 

sulphur  dioxide  and  formation  of  a  new  acid,  CgH^g^l-COOH,  melting 

at  106°. 

C8Hi2(S02Cl)-COOH  =  C8Hi2Cl-COOH  -{-  SOg. 

This  acid  has  been  called  cldorodiliydro-^-cam'phjUc  acid,  because, 
on  prolonged  treatment  with  alcoholic  potash,  it  is  converted  into 
^-camphylic  acid,t  with  elimination  of  hydrogen  chloride, 

C8Hi2Cl-COOH  =  CgHi,-  COOH  ^  HCI. 

*  The  decompositions  described  here  are  exactly  similar  to  those  wliich  Kippiug 
and  Pope  (Trans.,  1895,  67,  371)  have  used  with  such  success  in  the  preparation 
of  ■n--halogen  derivatives  of  camphor. 

t  Compare  Proc. ,  1893,  109;  1895,  23;  1896,  189.  A  detailed  description  of 
this  very  interesting  acid  will,  it  is  hoped,  form  tho  subject  of  a  future  com- 
munication. 
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In  a  similar  manner,  the  sulphobromide  of  sulphocamphylic  acid, 
when  heated  above  its  melting  point,  decomposes,  with  evolution  of 
sulphur  dioxide  and  formation  of  hromodihydro-^-camjihylic  acid,  and 
this  acid  is  decomposed  by  alcoholic  potash  in  the  same  way  as  the 
corresponding  chloro-acid,  yielding  again  /3-camphylic  acid. 

CsHj,(S0oBr)-C0OH  —  CgHj,Br-COOH  -*  CsHi^-COOH. 

Sulphobromide.  Bromodihydro-  )3-Campliylic  acid. 

)3-caniphylic  acid. 
M.  p.      150°  129°  105° 

Since,  then,  it  is  clear  from  the  above  that  sulphocamphylic  acid 
must  be  represented  by  the  formula  CgHi.,(SO.,_H)'COOH,  the  next 
important  matter  is  to  discuss  all  the  evidence  which  has  a  bearing  on 
the  further  arrangement  of  the  atoms  in  this  molecule. 

It  has  been  frequently  found  in  the  camphor  and  terpene  series  that 
the  study  of  the  behaviour  of  these  substances  and  their  derivatives 
towards  oxidising  agents  has  given  valuable  clues  to  their  constitution, 
and  in  the  case  of  sulphocamphylic  acid  also,  although  in  a  less  degree 
than  might  have  been  expected,  important  results  have  been  obtained 
in  this  way. 

Kachler  [Annalen,  1873,  169,  181),  who  was  the  first  to  oxidise 
sulphocamphylic  acid,  found  that,  when  heated  with  nitric  acid,  it  is 
converted  into  oxalic  acid  and  a  beautifully  crystalline  tribasic  acid, 
which  he  called  sulphopimelic  acid,  and  the  formation  of  which  he 
expressed  by  the  equation 

Subsequently,  Koenigs  and  Hoerlin  {Ber.,  1893,  26,  2045)  care- 
fully investigated  this  sulphopimelic  acid,  and  found  that  at  160 — 170° 
it  is  decomposed  with  evolution  of  sulphur  dioxide  and  formation  of 
terebic  acid ;  they  therefore  considered  that  Kachler's  acid  must  be 
sulphoisopropylsuccinic  acid,  in  which  case  the  formation  of  terebic 
acid  is  readily  understood. 

(CH.j)2C-CH(C00H)-CH,-C00H   =    (CH,),C-CH(C00H)-CH,  +  S0,  +  H20 

SO3H  "  "6 co" 

Sulphoisopropylsuccinic  acid.  *  Terebic  acid. 

These  chemists  also  found  that  small  quantities  of  dimethylmalonic 
acid,  (CH3)2C(COOH).2,  are  produced  during  the  oxidation  of  sulpho- 
camphylic acid  with  nitric  acid,  an  important  result,  since  the  forma- 
tion of  this  acid  indicates  that  sulphocamphylic  acid  contains  the 
group -C-C(CH,),-C-. 

*  In  studying  the  possible  formulae  for  sulphocamphylic  acid,  it  is  very  difficult  to 
understand  how  the  sulphonic  group  iu  sulphopimelic  acid  can  occupy  the  position 
given  to  it  here. 
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Sulphocamphylic  acid  is  also  readily  oxidised  by  potassium  perman- 
ganate in  alkaline  solution,  yielding  a  variety  of  very  interesting 
products,  which  have  been  carefully  investigated  by  the  author  of 
this  paper,  but  the  description  of  these  must  be  reserved  for  a  future 
communication. 

Action  of  Heat  on  Stdphocamjjhylic  Acid.     Formation  of  Isolauronolic 
Acid,  CgHig-COOH. 

When  sulphocamphylic  acid  is  heated  in  small  quantities,  or  distilled 
with  superheated  steam,  it  undergoes  a  very  remarkable  decomposition, 
yielding  isolauronolic  acid  and  sulphuric  acid  (Koenigs  and  Hoerlin, 
i/er.,  1893,  26,  813;  Perkin,  Centralblatt.,  1893,  ii,  50), 

CgHi^SOg-  HgO  =  CyHi.,-  COOH  +  H,SO„ 

but,  unfortunately,  at  the  high  temperature  necessary  for  the  decom- 
position, the  sulphuric  acid  formed  destroys  much  of  the  sulphocam- 
phylic acid,  and  the  yield  of  isolauronolic  acid  obtained  hardly  ever 
exceeds  10  per  cent,  of  the  theoretical.  It  was  subsequently  discovered 
by  the  author  that  isolauronolic  acid  may  be  obtained  in  comparatively 
large  quantities  by  fusing  sulphocamphylic  acid  in  a  cast  iron  pot 
with  caustic  soda,  a  remarkable  result,  which  may  be  explained  as 
follows. 

In  the  first  place,  the  sulphocamphylic  acid  is  decomposed  by  the 
fusion  with  soda,  with  formation  of  the  sodium  salts  of  the  isomeric 
a-  and  /3-camphylic  acids,  CsHii'COOH  (Perkin,  Proc,  1893,  109; 
1895,  23). 

CsH,2(S03H)-COOH  +  3NaOH  =  Q^Ti.^^'  COONa  +  NaoSOg  +  SH.O. 

The  iron  of  the  vessel  in  which  the  fusion  is  carried  out  then 
reduces  these  sodium  salts,  and  the  product,  which  is  coloured  dark 
brown  by  the  ferric  oxide  which  it  holds  in  suspension,  contains  the 
sodium  salt  of  isolauronolic  acid. 

CsH,,- COONa +  2H   =   CgHig- COONa. 

Sodium  a-  and  3-cam-  Sodium  isolaur- 

phylates.  onolate. 

Although  this  method  is  a  considerable  improvement  on  the  dry 
distillation  of  sulphocamphylic  acid,  it  is,  nevertheless,  a  very  laborious 
process,  and  the  best  way  for  preparing  isolauronolic  acid  is  un- 
doubtedly that  worked  out  by  Blanc  {Bull.  Soc.  Chim.,  [iii],  15,  1191), 
which  consists  in  treating  a  solution  of  camphoric  anhydride  in  chloro- 
form with  aluminium  chloride,  when  the  following  remarkable  decom- 
position takes  place. 

CioHiA^CgH^s-COOH-t-CO. 
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Another  method  of  foiuijition  of  isohxuronolic  acid  direct  from 
camphoric  acid,  to  be  discussed  later  in  this  paper,  is  that  discovered 
by  Walker  (Trans.,  1893,  63,  495).  Walker  submitted  orthoethylic 
sodium  camphorate  to  electrolysis,  and  obtained  in  this  way,  besides 
ethylic  campholytate,  an  isomeric  ethylic  salt  boiling  at  135 — 140° 
(15mm.),  which  he  first  called  diethylic  camphothetate,  but  which  was 
subsequently  (Trans.,  1895,  67,  347)  shown  to  be  the  ethylic  salt  of 
isolauronolic  acid. 

Lastly,  Noyes  {Ber.,  1894,  65,  917;  1895,67,  549)  has  obtained 
isolauronolic  acid  by  the  following  series  of  reactions. 

The  imide  of  camphoric  acid,  CgHj4<C^p!:P>NH,  when  treated  with 

potash,  yields  (S-camphoramimc  acid,  CgH^4(CONH2)*COOH,  and  this, 
by  the  action  of  sodium  hypobromite,  is  converted  into  dihydroaminocam- 
pholytic  acid,  CgH^^(NH2)*C00H ;  nitrous  acid  converts  this  amido- 
acid  into  Walker's  cavipholytic  acid,  which,  when  boiled  with  dilute 
sulphuric  acid,  undergoes  molecular  change,  yielding  isolauronolic  acid. 
The  determination  of  the  constitution  of  isolauronolic  acid  is  of 
great  importance,  for  the  following  reasons. 

1.  It  is  formed  from  camphoric  anhydride  by  elimination  of  CO. 

2.  It  is  formed  from  sulphocamphylic  acid  by  heat. 

3.  It  is  reconverted  into  sulphocamphylic  acid  by  treatment  with 
sulphuric  acid  (see  p.  835). 

From  these  facts,  it  will  be  seen  that  isolauronolic  acid  is  closely 
related  to  camphoric  acid  on  the  one  hand,  and  to  sulphocamphylic 
acid  on  the  other,  so  that  the  determination  of  the  constitution  of  this 
acid  must  throw  much  light  on  the  question  of  the  constitution  of 
camphoric  and  of  sulphocamphylic  acids. 
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If  a  drop  of  potassium  permanganate  solution  is  added  to  a  solution 
of  isolauronolic  acid  in  dilute  sodium  carbonate,  the  colour  is  instantly 
discharged,  even  at  0° ;  and,  on  investigating  this  reaction,  it  is  found 
that  the  first  product  of  the  oxidation  is  an  acid  of  the  formula 
CgHjgOo. 

CoHj.Oo  +  20  =  CVH12O3  +  H2O. 

This  new  acid,  which  was  first  described  by  Koenigs  and  Meyer 
(Ber.,  1894,  27,  3467),  and  called  by  them  isolauronic  acid,  melts  at 
133°,  and  differs  from  isolauronolic  acid  in  being  readily  soluble  in  hot 
water;  it  is  a  ketonic  acid,  and  forms  the  following  well  characterifced 
derivatives. 
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Oxime COOH-C.H^-CINOH  m.  p.  222° 

Semicarbazone COOH-Cv'h„-C:N-NH-CONH.,         „     248 

PJisnylhydrazone*      COOH-CVH^^-CIN-NH-CcHj     "         „     11)9 

Oxidation  of  Isolauronic  Acid. — Although  stable  to  pei-manganate 
at  temperatures  below  0°,  isolauronic  acid  is  readily  oxidised  by  this 
agent  at  ordinary  temperatures,  as  also  by  a  mixture  of  potassium 
dichromate  and  sulphuric  acid  at  90 — 95°,  the  principal  substances 
formed  being 

y-Dimethylacetylhutyric  acid,  CHg-  CO-CXCHy)^,-  CHa'  CHg'  COOH. 

a-Dimetkyl(jlutaric  acid,  COOH-  C(CH.^)2-  CHa*  CHg- COOH. 

a-Dimethylsuccinic  acid,  COOH-  C(CHo).,-  CH^*  COOH. 

All  these  substances  aft'ord  important  evidence  as  to  the  constitu- 
tion of  isolauronic  acid,  but  there  can  be  no  doubt,  as  will  be  shown 
later,  that  it  is  the  first  named  which  is  especially  valuable  in  this 
connection. 

Acetyldimethylbutyric  acid  is  identical  with  the  acid  which 
Tiemann  [Ber.,  1895,  28,  2176)  obtained  by  the  oxidation  of  y8-di- 
hydroxydihydrocampholenic  acid,  and  which  he  named  dimethyl-3- 
hexanon-2  acid. 

That  this  acid  has  the  constitution 

CHg-  CO-C(CH3)2-CH2-  CH2-  COOH, 
is  proved  by  the  following  considerations. 

1.  It  is  a  ketonic  acid,  as  is  shown  by  the  fact  that  it  yields  a  well 
characterised  oxime  and  semicarbazone. 

2.  When    reduced   with  sodium  amalgam,  it  is  converted  into  a 

lactone,  ^^3*  CH-  Ci{GB.^%'  CH,-  CHg  .^       239—241°),  a  fact  which  in- 

O CO    ^     ^  ' 

dicates  that  the  CO  group  is  either  in  the  y-  or  8-  position. 

3.  Sodium  hypobromite  readily  reacts  with  the  acid,  with  separation 
of  bromoform  and  formation  of  aa-dimethylglutaric  acid, 

COOH-  C(CH3)2-  CHg-  CHg-  COOH ; 
this  shows  that  the  ketonic  acid  contains  the  group  CHg- CO.  The 
dimethylglutaric  acid  formed  in  this  way  melts  at  84°,  and  is  isomeric 
with  ^^-dimethylglutaric  acid,  COOH-  CHg-  C(CH3)g-  CH.-  COOH  (m.  p. 
101°;  Goodwin  and  Perkin,  Trans.,  1896,  69,  1473),  and  since  on 
oxidation  the  former  yields  aa-dimethylsuccinic  acid, 

COOH-  C(CH3)2-  CHg-  COOH, 
it  can  only  have  the  constitution  COOH- C(CH3)g- CHg- CHg- COOH. 

4.  From  the  formula  of  aa-dimethylglutaric  acid,  two  ketonic  acids, 
CgH^^Og,  may  be  derived,  namely, 

1.  CH3-  CO-  C(CH3)2-  CHg-  CHg-  COOH ; 
II.   COOH-  C(CH3)g'-  CHg-  CH2-  CO-CH3  ; 

*  Carl  Meyer  {Inaugural  Dissertation  Munich,  1895,  p.  38). 
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but  there  can  be  no  doubt  that  formula  I  represents  the  constitution 
of  the  acid  obtained  from  isolauronic  acid,  because  throughout  the 
whole  camphor  series  there  is  overwhelming  evidence  that  the  three 
methyl  groups  contained  in  this  substance  and  its  derivatives  are 
united  to  neighbouring  carbon  atoms  forming  the  complex 

CHg-  C— C(CH3),, 
a  condition  which  is  satisfied  by  formula  I,  but  not  by  II. 

Reduction  of  Isolauronic  Acid  to  Dihydroisolauronic  Acid, 
C7Hii-CH(0H)-C00H. 

The  action  of  sodium  amalgam  on  isolauronic  acid  was  first  investi- 
gated by  Carl  Meyer  (Dissertation  Munich,  1895,  p.  45)  who  obtained 
in  this  way  two  pi'oducts. 

1.  A  lactone,  CyH^^Og,  melting  at  47 — 50"^  and  yielding  on  hydro- 
lysis a  hydroxy-acid  melting  at  143°. 

2.  An  acid  melting  at  81°  which  does  not  yield  a  lactone,  and  which, 
on  analysis,  gave  the  following  numbers. 

Found  (mean  of  three  analyses)  C=  62-95  ;  H  =  8-66. 
C.jHj^Og  requires  0  =  63-53  ;  H  =  8-23. 
CgHjeOg        „        C  =  62-71  ;  H  =  9-30. 

These  results  led  Meyer  to  conclude  that  the  acid  melting  at  81° 
was  a  mixture  of  two  acids,  CgH^^Og  and  CgH^fjOg,  which  could  not  be 
separated  by  crystallisation. 

As  the  investigation  of  the  behaviour  of  isolauronic  acid  on  reduc- 
tion is  a  matter  of  fundamental  importance  in  determining  the  con- 
stitution of  this  acid,  a  great  many  experiments  on  this  subject  have 
been  made  by  the  author,  the  results  of  which  differ  considerably  from 
those  obtained  by  Carl  Meyer.  In  the  first  place,  Carl  Meyer's  ex- 
periments were  repeated  exactly  as  he  described  them,  using  isolauronic 
acid  which  had  been  very  carefully  purified  by  repeated  crystallisation, 
but  no  trace  of  a  solid  lactone  could  be  detected  in  the  product,  which 
consisted  of  a  beautifully  crystalline  acid  melting  at  88 — 89°,  and  on 
analysis  gave  numbers  agreeing  sharply  with  those  required  by  the 
formula  CyH^^O,;. 

Found  (mean  of  two  analyses)  C  =  63-36  ;  11  =  8-21. 
C0H14O3  requires  C  =  6353 ;  H  =  8-23. 

The  conditions  of  reduction  were  then  varied,  but  in  all  cases  it  was 
found  that  the  isolauronic  acid  had  been  converted  almost  quantita- 
tively into  the  acid  CyHj^Og,  which,  since  it  is  formed  by  the  addition 
of  two  atoms  of  hydrogen  to  isolauronic  acid,  has  been  called  dihydro- 
isolauronic acid. 

The  solution  of   dihydroisolauronic   acid  in  sodium   carbonate  does 
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not  decolorise  permanganate  except  on  long  standing,  showing  that 
the  acid  is  a  saturated  acid,  and  this  is  confirmed  by  the  fact  that  the 
acid  does  not  combine  with  bromine,  or  with  hydrogen  bromide,  and 
that  it  is  not  further  reduced  even  when  its  alkaline  solution  is  boiled 
with  sodium  amalgam. 

Since  dihydroisolaui'onic  acid  is  formed  by  the  reduction  of  the 
ketonic  acid  isolauronic  acid,  it  is  evident  that  it  must  be  a  hydroxy- 
acid,  and  the  next  important  point  was  to  determine  whether  it  was 
capable  of  forming  a  lactone,  since,  in  this  way,  valuable  evidence 
as  to  the  relative  positions  of  the  hydroxyl  and  carboxyl  groups,  and 
indirectly  as  to  the  position  of  the  CO  and  COOH  in  isolauronic  acid, 
might  be  obtained. 

This  matter  has  been  most  carefully  investigated,  but  it  was  not 
found  possible  to  obtain  even  traces  of  a  lactone  by  boiling  the 
hydroxy-acid  with  dilute  sulphuric  acid  ;  and,  indeed,  the  hydroxy- 
acid  may  be  distilled  without  decomposition  ;  it  may  therefore  be  safely 
stated  that  dihydroisolauronic  acid  is  iricapable  of  forming  a  lactone. 

This  statement  may,  at  first  sight,  appear  to  be  at  variance  with  the 
results  obtained  by  Carl  Meyer  (^Dissertation,  p.  46),  who,  by  the  reduc- 
tion of  isolauronic  acid,  obtained,  as  mentioned  above,  small  quantities 
of  a  lactone,  CgH^^O^,  melting  at  47 — 50°,  and  which  on  hydrolysis 
yielded  an  acid  melting  at  143°.  The  principal  product  of  the  reduc- 
tion was,  however,  a  hydroxy-acid  melting  at  81°,  and  yielding  on 
analysis  numbers  agreeing  with  those  required  by  a  mixture  of  acids, 
CqHj^Og  and  CgHj^Og,  and  there  can  now  be  no  doubt  that  this  acid 
was  simply  slightly  impure  dihydroisolaui"onic  acid  (m.  p.  88°).  Since 
Meyer's  acid  melting  at  81°  was  isolated  from  the  product  of  the 
reduction  of  isolauronic  acid  after  this  had  been  boiled  with  dilute 
acids,  it  is  evident  that  his  acid  is  also  incapable  of  forming  a  lactone, 
and  in  this  respect  Meyer's  experiments  agree  with  those  of  the  author. 
With  regard  to  the  nature  of  the  lactone  melting  at  47 — 50°  and 
yielding,  on  hydrolysis,  the  acid  melting  at  143°,  it  seems  extremely 
probable  that  this  was  campholaetone,  CgHj^O,,  which  melts  at  50 — 51°, 
and  which  on  hydi^olysis  with  baryta  yields  campholactonic  acid, 
C  H  Oo,  melting  at  143°;*  the  few  properties  of  his  lactone  which 
Meyer  mentions  confirm  this  view.  Since,  however,  campholaetone  is 
the  lactone  corresponding  to  lauronolic  acid  (see  p.  815),  it  is  exceed- 
ingly difficult  to  understand  its  formation  by  the  reduction  of  a 
derivative  of  isolauronolic  acid. 

*  According  to  Woringer  {Annalen,  1885,  227,  10)  campholactonic  acid  is 
precipitated  as  an  oil  on  acidifying  the  solution  of  its  barium  salt ;  the  author, 
however,  in  conjunction  with  Mr.  R.  W.  Collinson,  has  obtained  the  acid  by  this 
method  in  the  form  of  beautiful  prismatic  crystals  melting  at  143°.  An  account  of 
this  interesting  acid  is  reserved  for  a  future  communication. 
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The  Constitution  of  Isolauronolic  Acid,  of  Isolauronic  Acid,  and  of 
Sulphocamphylic  Acid,  with  remarlcs  on  the  Constitution  of  Camphor' 
and  of  Camphoric  Acid. 

It  has  already  been  stated  that,  in  the  opinion  of  the  author,  the 
results  obtained  in  this  investigation  can  best  be  explained  on  the 
assumption  that  camphoric  acid  has  the  constitution  represented  by 
the  formula 

CHg— CH-COOH 

(CH3)^C     ^CHg 
CHg-'C^OOH 
and  in  giving  the  reasons  for  this  statement  it  will  be  best  in  the 
first    place  to  discuss  the  constitution  of  isolauronic  acid,  in  doing 
which  the  principal  points  to  be  borne  in  mind  are, 

1.  Isolauronic  acic,  on  oxidation,  yields  y-dimethylacetyl butyric 
acid,  CH3-CO-C(CH3)2-CH2-CH2-COOH. 

2.  Isolauronic  acid  is  a  monobasic  ketonic  acid  containing  the 
ketonic  group  in  the  ^-position  relatively  to  the  carboxyl  grouj).  This 
is  proved  by  the  fact  that  the  dihydroisolauronic  acid  obtained  by  its 
reduction  is  incapable  of  forming  a  lactone. 

3.  Since  dihydroisolauronic  acid  distils  unchanged,  it  cannot  contain 
the  group  -CH'CH(OH)-,  because  acids  containing  that  group,  on  dis- 
tillation, lose  water  with  formation  of  the  corresponding  unsaturated 
acids.  Isolauronic  acid  itself  must,  therefore,  contain  the  group 
COOH'C'CO'C,  the  free  bonds  of  which  must  all  be  united  to  carbon. 


From  the  formula  of  camphoric  acid  given  above  an  expression  for 
the  constitution  of  isolauronic  acid  can  be  easily  deduced  which  will 
satisfy  these  conditions  and  explain  all  the  known  properties  of  the 
acid,  namely, 

CH2— C-COOH 

(CH3)2C 
CH3-C 

Isolattron  ic  acid. 

This  formula,  which  appears  to  the  author  to  bo  the  oaly  possible 
formula  for  isolauronic  acid,  represents  the  acid  as  a  /3-ketonic  acid, 
and  to  this  the  objection  might  be  raised  that  the  acid  gives  no  colora- 
tion with  ferric  chloride,  and  that  when  heated  it  does  not  decompose 
with  evolution  of  carbon  dioxide.  The  reply  to  the  first  objection  is 
that  /3-ketonic  acids,  or  their  ethereal  salts,  which  have  both  a-hydrogen 
atoms  replaced  by  radicles  do  not  appear  to  give  a  coloration  with 
ferric  chloride,  tluis,  for  example,  the  author  finds  that  othylic  dimethyl- 
acetoacetate,  CH3'CO'C(CH3)2*COOC^H5,  does  not  give  a  coloration 
with  ferric  chloride. 
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The  relatively  great  stability  of  isolauronic  acid  is  also  quite  easily 
explained.  The  ease  with  which  /3-ketonic  acids  are  decomposed  by 
heat  or  alkalis  with  elimination  of  carbon  dioxide  depends  very  much 
on  their  constitution. 

Thus  acetoacetic  acid,  CH.^-CO-CH^-COOH,  and  methylacetoacetic 
acid,  CH3-CO-CH(CH3)'COOH,  are  oils  which  decompose  slowly  at 
ordinary  temperatures  with  evolution  of  carbon  dioxide,  whereas  di- 
methylacetoacetic  acid,  CH3*CO'C(CH.5)2*COOH,  is  solid,  and  although 
still  very  easily  decomposed,  it  is  distinctly  more  stable  than  the  other 
two  acids.  These  three  acids  are  furthermore  readily  decomposed  in 
the  same  manner  by  boiling  with  potash.  When,  however,  the  carboxyl 
and  acetyl  groups  in  such  compounds  are  attached  to  a  closed  chain, 
as  in  the  case  of  acetyltrimethylenecai'boxylic  acid, 

CH,— C-COOH 
CH/  CO-CHg 

an  acid  which  has  a  somewhat  similar  formula  to  that  suggested  for 
isolauronic  acid,  the  stability  of  the  molecule  may  be,  but  is  not 
always,  enormously  inci-eased.  Acetyltrimethylenecarboxylic  acid,  for 
example,  may  be  boiled  with  potash  for  hours  without  decomposition, 
and  the  free  acid  is  only  slowly  decomposed  into  carbon  dioxide  and 
acetyltrimethylene  even  at  180 — 200°. 

If,  then,  the  introduction  of  one  closed  chain  into  the  molecule  can 
bring  about  such  an  extraordinary  change  in  stability,  it  is  not  re- 
markable that  this  stability  should  be  still  more  pronounced  in  a  sub- 
stance like  isolauronic  acid,  the  formula  of  which  is  represented 
above,  not  only  as  containing  two  closed  chains,  but  also  as  having  no 
a-hydrogen  atoms. 

The  formation  of  dimethylacetylbutyric  acid  fi'om  isolauronic  acid 
may  be  readily  explained  with  the  aid  of  this  formula  as  follows. 

In  the  first  place,  the  trimethylene  ring  is  split  with  the  addition  of 
the  elements  of  water  and  formation  of  an  intermediate  substance  of 
the  formula 

CH2 CH-COOH 

(CH3),C    "  I 

CH3-C(0H)— CO 

and  this  being  a  y8-ketonic  acid  Avith  one  a-hydrogen  atom  not  I'e- 
placed,  may  be  assumed  to  decompose  readily  with  evolution  of 
carbon  dioxide  and  formation  of  the  substance 

CH, CH2 

(<^H3).,C  I 

CH3-C(0H)— CO 
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Thus  Dieckmann  {Ber.,  1894,  27,  103)  has  shown  that  ethylic 
yS-ketopentamethylenecarboxylate,  a  substance  of  very  similar  con- 
stitution to  the  "  intermediate  "  substance,  is  readily  and  quantitatively 
decomposed  on  hydrolysis,  with  formation  of  ketopentamethylene. 

CHg— CH-COOH  CHg— CH2 

CHg      I  yields       CHg      | 

CHo— CO  CH.3— CO 

Lastly,  the  ketonic  substance  of  the  formula  given  above,  being 
produced  in  the  presence  of  oxidising  agents,  is  readily  converted  into 
acetyldimethylbutyric  acid. 

CH,, CII2  CXX9 — CHg 

{Cn,\0    "  I  gives  (CH3),C  I 

CHg-  C(OH)— CO  CHg-  CO       COOH 

Assuming  that  the  constitution  given  to  isolauronic  acid  is  correct, 
the  next  point  is  to  deduce  from  this  the  formula  for  isolauronolic 
acid.  This  at  first  sight  seems  to  be  a  simple  matter,  since  isolauronic 
acid  is  formed  from  isolauronolic  acid  by  replacing  two  hydrogen 
atoms  by  an  oxygen  atom,  thus. 

CgH.^Og    +    20    =    C.H.gOg    +    H,0, 
Isolauronolic  acid.  Isolauronic  acid. 

and  therefore  the  formula  for  i.solauronolic  acid,  which  suggests  itself 
at  once,  is 

,C-COOH 


(GH3)2C 
C 

But  this  formula  would  represent  isolauronolic  acid  as  a  saturated 
acid,  and  yet  in  many  of  its  properties  it  behaves  like  an  unsaturated 
acid,  so  that  there  are  grounds  for  assuming  that  one  of  the  alterna- 
tive formulae 

CH2— C-COOH  CH2— CH-COOH 

I.      (CH3).,C  II  11.      (CH3)2C  I 

CHg-  CH — CH  CH3-  C=CH 

is  more  probable. 

It  must,  however,  be  remembered  that  it  is  .sometimes  a  matter  of 
the  greatest  difficulty  to  distinguish  between  unsaturated  substances 
and  trimethylene  derivatives,  since  the  latter  frequently  form  additive 
compounds  with  bromine,  hydrogen  bromide,  and,  less  readily,  with 
hydrogen  ;  but  ti'imethylene  derivatives  are,  as  a  rule,  stable  towards 
permanganate  at  ordinary  temperatures. 
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In  favour  of  the  unsaturated  formula  for  isolauronolic  acid  is 
undoubtedly  the  fact  that  this  acid  instantly  reduces  permanganate 
in  alkaline  solution  even  at  0'^,  that  it  forms  a  dibrom-additive 
product  when  its  solution  in  chloi'oform  is  treated  with  bromine  at 
0''  and  in  the  dark  (Noyes,  Ber.,  1895,  28,  552),  and  that  it  combines 
with  hydrogen  bromide ;  *  on  the  other  hand,  it  is  only  reduced  with 
difficulty  by  prolonged  treatment  with  boiling  amylic  alcohol  and 
sodium,  remaining  unchanged  when  its  alkaline  solution  is  boiled  with 
sodium  amalgam. 

But  the  chief  argument  against  the  trimethylene  formula  is  this,, 
that  this  formula  does  not  explain  the  fact  that  isolauronolic  acid  is 
obtained  from  sulphocamphylic  acid  by  the  action  of  heat,  and  is  again 
converted  into  this  acid  by  treatment  with  sulphuric  acid. 

It  seems  probable  that  the  latter  most  interesting  formation  of 
sulphocamphylic  acid  takes  place  in  two  stages. 

C9H14O2  +  HgSO^j  =  CgHjgSOg. 

Isolauronolic  acid.  Intermediate  substance. 

CgHjgSOg       =       CgHj^SOg       +        HoO. 

Sulphocamphylic  acid. 

Assuming,  then,  that  isolauronolic  acid  contains  a  trimethylene  ring, 
the  addition  of  sulphuric  acid  can  only  take  place  by  the  splitting 
of  the  trimethylene  ring,  and  we  shall  then  get  for  the  formula  of  the 
intermediate  substance  either 

CHo C<^^3^  CH, C(OH)-COOH 

(CH3).,C    "  I  °^'      (CH3),C  I 

CHg-qOH) — CH2  CHg-qSOgH)— CH2 

and  the  constitution    of  sulphocamphylic    acid   deduced    from    these 
formulte  would  be  either 

CH-C<^^3H^  CH, C-COOH 

(CH3)2C  I  ^^'      (CH3),c  II 

CH3-C=CH  CH3-C(S03H)— CH 

If,  now,  we  remove  SO3  from  these  formulae  to  produce  isolauronolic 
acid, we  can  quite  easily  see  that  the  acid  may  have  one  of  the  two  unsatu- 
rated formulas  given  on  p.  808,  but  the  reconstruction  of  the  trimethylene 
formula  by  eliminating  SO3  involves  an  intramolecular  change  for 
the  occurrence  of  which  little  probability  exists. 

If,  then,  isolauronolic  acid  is  an  unsaturated  acid,  the  question  at 
once  arises  whether  its  constitution  is  represented  by  formula  I  or  II 
(p.  808),  and  there  can  be  no  doubt  that  the  former,  that  is,  the  formula 
*  Noyes  (private  communication). 

VOL.   LXXIII.  S   I 
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CHg—C-COOH 


(CH3)2C         II 
CHg-  CH — CH 
Isolauronolic  add. 

best  explains  the  properties  of  this  acid. 

Isolauronolic  acid  distils  without  decomposition,  and  when  boiled 
with  dilute  sulphuric  acid  does  not  yield  a  lactone.  It  cannot,  there- 
fore, be  a  ySy-unsaturated  acid  such  as  is  represented  in  formula  II, 
since  an  acid  of  this  constitution  would  readily  yield  a  lactone  under 
these  conditions ;  and  other  properties  of  this  acid,  which  are 
explained  in  more  detail  in  the  following  pages,  lead  to  the  same 
conclusion,  namely,  that  isolauronolic  acid  is  an  a^-unsaturated  acid. 

Perhaps  the  most  striking  confirmation  of  this  view  of  the  con- 
stitution of  isolauronolic  acid  is  the  following.  When  reduced  by 
amylic  alcohol  and  sodium,  isolauronolic  acid,  CgH^^Og,  yields  dihydro- 
isolauronolic  acid,  CgH^gO.^,  the  double  bond  being  reduced,  and  it  is 
obvious  that  the  constitution  of  this  acid  will  be  represented  by  the 
formula 

CHo— CH-COOH 
(CH3)2C    "     I 
CHg-CH — CH2 

quite  independently  of  whether  formula  I  or  II  (p.  808)  is  taken  as 
the  constitution  of  isolauronolic  acid. 

But  it  has  been  shown  by  Noyes  {Amer.  Chem.  J.,  1896,  18,  689), 
and  independently  by  the  author,  that  dihydroisolauronolic  acid,  on 
bromination,  behaves  quite  normally,  and  yields  a  monobromo-deriva- 
tive  in  which  the  bromine  atom  is  doubtless  in  the  a-position.  Now, 
when  this  bromo-derivative  is  treated  with  alcoholic  potash,  isolauronolic 
acid  is  quantitatively  produced,  hydrogen  bromide  being  eliminated 
between  the  a-  and  ^-carbon  atoms  in  the  usual  way. 

CH2— CBr-COOH  CH^— C-COOH 

{OB.,\C  !  yields      (CH3)i         II 

CH.-CH — CH2  CHg-CH — CH 

But  it  must  be  confessed  that,  although  this  formula  is  so  very 
satisfactory  in  many  ways,  it  is  not  quite  easy  to  deduce  from  it  the 
formula  for  isolauronic  acid  which  was  advocated  on  p.  806,  namely, 


(CH3),C 


CH2-€-C00H 


It  is,  of  course)  possible  to  do  this  by  assuming  that  the  oxidation  of 
itolauroDolid  acid  hf  jpermangauate  takes  plaae  in  the  following  stagesi 


WITH  REMARKS  ON  THE  CONSTITUTION  OF  CAMPHOR,  ETC.      811 

I.  The  oxidation  proceeds  in  the  usual  way,  with  formation  of  the 
intermediate  dihydroxy-acid  of  the  formula 

(f!H2— C(OH)-COOH 
(CH,),C  I 

CHg-CH — CH-OH 

II.  The  CH"OH  group  is  oxidised  to  CO,  and  at  the  same  time 
water  is  eliminated,  and  the  trimethylene  ring  is  formed,  these 
changes  resulting  in  the  formula  of  isolauronic  acid, 

^C-COOH 
(CH3),C    ^' 


The  formation  of  a  trimethylene  ring  in  this  way,  during  the 
course  of  an  oxidation,  is  certainly  unusual ;  but  there  are  grounds 
for  assuming  that  the  trimethylene  ring  may  be  produced  much  more 
easily  than  used  to  be  thought  possible.  The  above  change  is,  for 
example,  hardly  more  remarkable  than  the  formation  of  the  ethylic 
salt  of  caronic  acid  from  ethylic  a-broino-jS-dimethylglutarate,  by  simply 
warming  with  alcoholic  potash  (Perkin  and  Thorpe, Trans., 1897,  p.  107). 

COOCHv  CHBr-  C^'CHg),  -CH^-  COOC.H, 

=  COOC.,H,-  CH-CH-  COOC.H, 

-    '     \/  -    "  +HBr. 

C(CH3)2. 

It  has  already  been  shown  that  it  is  improbable  that  the  relation- 
ship existing  between  isolauronolic  acid  and  sulphocamphylic  acid  can 
be  explained  on  the  basis  of  the  trimethylene  formula,  and  it  remains 
to  be  shown  that,  with  the  aid  of  the  unsaturated  formvila  for 
isolauronolic  acid,  this  difficulty  can  be  got  over. 

Sulphocamphylic  acid  is  formed,  as  is  well-known,  by  the  action  of 
sulphuric  acid  on  camphoric  acid  or  camphoric  anhydride, 

C\o  H,,0,  +  H.SO,  =  CgH^.SOs  -F  CO  +  2H2O, 

and  it  is  also  produced  quantitatively  when  isolauronolic  acid  is  warmed 
with  concentrated  sulphuric  acid, 

C9H14O2 -t- H2SO4  =  C^Hi^SOs -F  H2O. 

If  it  be  remembered  that  camphoric  anhydride  is  readily  converted 
into  isolauronolic  acid  with  evolution  of  carbon  monoxide  when  its 
solution  in  chloroform  is  treated  with  aluminium  chloride  in  the 
cold,  it  seems  very  probable  that,  in  the  formation  of  sulphocamphylic 
acid  from  camphoric  anhydride,  isolauronolic  acid  is  first  produced,  and 
that  this  then  reaets  with  the  sulphuric  acidi 

3  i  i 
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The  formation  of  sulphocamphylic  acid  in  this  way  may  be  assumed 
to  take  place  in  two  stages. 

lu  the  first  place,  the  sulphuric  acid  is  added  on  at  the  double  bond 
in  the  isolauronolic  acid,  a  change  which  may  take  plaoe  in  two  ways, 
with  the  formation  of  the  following  substances. 

CH,— C(OH)-  COOH  CH,— C(S03H)-C00H 

I.     (CH3).,C    "      I  II.       (CH3)^C    "      I 

Hg-CH — CH-SOaH  CH3-CH — CH-OH 

The  large  excess  of  sulphuric  acid  which  it  is  necessary  to  have 
present,  then  "acts  as  a  dehydrating  agent,  water  is  eliminated,  and 
thus  two  expressions  of  the  constitution  of  sulphocamphylic  acid  are 
obtained,  namely, 

CH2— C-COOH  CH,— C(S03H)-C00H 

I.    (CH3)2C         II  II.     (CH3)oC    "      I 

CH3-CH— C-S03H  CH3-C=CH 

Since,  however,  the  elimination  of  SO3  and  formation  of  isolauronolic 
acid  can  only  be  explained  by  the  aid  of  formula  I,  this  view  of  the 
constitution  of  sulphocamphylic  acid -has  been  adopted  in  this  paper. 
This  formula  is  also  in  accord  with  all  the  known  reactions  of  sulpho- 
camphylic acid,  thus,  for  example,  it  represents  the  substance  as  being 
an  unsaturated  acid,  and  this  accounts  for  the  fact  that  the  acid  is 
at  once  oxidised  by  permanganate  in  alkaline  solution  even  at  tem- 
peratures considei^ably  below  0'^. 

From  the  above,  it  will  be  seen  that  the  formation  and  properties  of 
isolauronic,  isolauronolic,  and  sulphocamphylic  acids,  can  be  explained 
with  the  aid  of  the  author's  formula  for  camphoric  acid,  and  it  remains 
to  be  shown  that  the  other  possible  formulse  for  camphoric  acid,  namely, 
Bredt's  formula  I  and  the  formula  II, 

CH— COOH(ortho)  CH  — CH 

I "  ~---^^  PH  I     -^      I     ~ 

I.     (CH.,)2C  1"  II.     (CH3)2C  ^CH-COOH(ortho) 

CH3.  (^^COOH  (alb)  CH3-  C^COOH  (alio) 

which  was  at  one  time  considered  probable  by  the  author  (Proc,  1896, 
p.  101),  do  not  give  an  explanation  of  the  formation  and  properties 
of  these  acid.s. 

In  the  formation  of  isolauronolic  acid  from  camphoric  acid,  by  the 
action  of  sulphuric  acid  or  aluminum  chloride,  the  elements  of  formic 
acid  are  eliniin.ated, 

C8Hi2(COOH)^  =  C8Hj3-  COOH  -1-  H-  COOH, 
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or,  iu  other  words,  one  of  the  carboxyl  groups  in  the  camphoric  acid 
is  removed,  and  the  important  point  is  to  determine  which  of  the  two 
carboxyl  groups  remains. 

In  order  to  do  this,  it  will  be  convenient  to  adopt  the  nomenclature 
used  by  Briilil,  Walker,  and  others,  and  to  represent  the  carboxyl 
groups  as  ortho  and  alio  in  tlie  way  shown  in  the  above  formuljB. 

Now  there  are  two  series  of  unsaturated  acids  which  can  be  obtained 
from  camphoric  acid  by  the  elimination  of  formic  acid,  according  to 
whether  the  ortho-  or  the  allo-carboxyl  group  is  removed  during  the 
process,  namely. 

1.  The  series  the  chief  member  of  which  is  lauronolic  acid, 
CsHio-COOH. 

2.  The  series  the  chief  member  of  which  is  isolauronolic  acid 
CgH^g-  COOH. 

And  it  can  be  proved  that  the  former  series  contain  the  allo- 
the  latter  the  or^/io-carboxyl  group  of  the  original  camphoric  acid 
molecule. 

In  order  to  make  this  clear,  it  will  be  necessary  to  refer  briefly  to 
Walker's  and  Walker  and  Henderson's  important  researches  on  the 
electrolysis  of  the  sodium  and  potassium  salts  of  the  ethylic  ortho-  and 
allo-camphorates  (Trans.,  1893,  63,  495;  1895,67,  337;  1896,  69, 
748).  Camphoric  acid  yields  two  isomeric  sodium  ethylic  salts  which 
may  be  provisionally  represented  by  the  formulse 

p  „     /COOCHq  (ortho)  p  -TT   ^COONa  (ortho) 

'-s^u^cOONa  (alio)  ^s-^ii^COOCgHg  (alio) 

Sodiimi  ethylic  orthocampliorate.  Sodium  ethylic  allocamphorate. 

The  first  of  these  is  formed  by  the  addition  of  sodium  ethoxide  to 
camphoric  anhydride, 

CO  C.H5  ^  COOC^H^ 

CsHi4<QQ>0      -1-      ^"^^       =      CsHi4<Q00Na  ''' 

and  the  second  by  the  partial  hydrolysis  of  ethylic  camphorate, 

C»H„<^;5;^gjg;    +    NaOH    =    C,H,,<COONa^^    +    C,H,-OH. 

When  sodium  ethylic  or</w-camphorate  is  electrolysed,  the  product  is 
found  to  contain  the  ethereal  salts  of  two  isomeric  unsatui*ated  acids 
of  the  formula  CgH^g*  COOH  ;  one  of  these  acids  is  isolauronolic  acid, 
and  the  other  has  been  named  campholytic  acid.  Campholytic  acid 
combines  directly  with  bromine,  yielding  a  dibromide,  C^Hj^Brg*  COOH, 
and  this  when  treated  with  sodium  carbonate  is  decomposed  with 
formation  of  a  bromo-derivative  of  an  unsaturated  hydrocarbon, 

CgHigBra"  COONa  =  CgH^gBr  +  CO^  -I-  NaBr, 
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and  since  this  decomposition  is  shown  only  by  the  dibrom-additive 
products  of  a/3-uusatu rated  acids,  Walker  concludes  that  campholytic 
acid  contains  the  group 

-CH2-Ci===:C- 

COOH 

Koyes  [Ber.,  1895,  28,  548)  subsequently  showed  that  campholytic 
acid  is  converted  into  the  isomeric  isolauronolic  acid  by  boiling  with 
dilute  sulphuric  acid ;  it  is  therefore  probable  that  these  two  acids 
have  the  same  structural  formula  and  are  simply  stei'eoisomeric. 

Similarly,  sodium  ethylic  «Z/o-camphorate  yields,  on  electi'olysis,  the 
ethereal  salts  of  two  isomeric  unsaturated  acids,  CgH^g*  COOH,  namely, 
allo-campholytic  acid,  and  a  small  quantity  of  an  oily  acid  which  is 
possibly  lauronolic  acid.  Both  allo-campholytic  acid  and  lauronolic 
acid,  when  boiled  with  dilute  acids,  yield  the  isomeric  campholactone  ; 
they  ai-e  therefore  probably  stereoisomeric,  and  since  the  formation  of 
a  lactone  in  this  way  is  characteristic  of  /3y-unsaturated  acids,  it  is 
assumed  that   both  these  acids   contain    the    group    >>CIC-C'COOH. 

It  is  obvious  from  the  method  of  formation  that  in  the  two  series  of 
unsaturated  acids,  CgH^g*  COOH,  namely,  (a)  lauronolic  acid  and  allo- 
campholytic  acid,  (5)  isolauronolic  acid  and  campholytic  acid,  the  acids 
all  contain  one  of  the  carboxyl  groups  of  the  original  camphoric  acid 
molecule,  and  that  the  carboxyl  group  remaining  in  series  a  is  a 
different  one  from  that  in  series  h. 

It  has  been  assumed  in  the  above  that  the  lauronolic  series  contains 
the  a?/o-carboxyl  group,  and  the  isolauronolic  series  the  09'^/<o-carboxyl 
group,  and  it  can  be  shown  in  several  ways  that  this  is  the  case,  but 
for  the  purposes  of  this  paper  the  formation  of  lauronolic  acid  from 
camphanic  acid  need  only  be  considered. 

When  camphoric  acid,  CgHj^(COOH),,  is  brominated,  the  reaction 
takes  place  in  the  normal  way  with  formation  of  the  anhydride  of 
bromocamphoric  acid,  C8Hj3Br(COOH)2,  and  it  is  obvious  that  the 
substitution  must  take  place  at  the  a-carbon  atom  connected  with  the 
ortho-carboxyl  grouj)  (pp.  812,  815),  since  the  a-carbon  atom  connected 
with  the  allo-carboxyl  group  has  no  hydi'ogen  attached  to  it.  When 
bromocamphoric  anhydride  is  treated  with  dilute  alkalis,  it  undergoes 
decomposition,  yielding  cainj)hanic  acid,  the  lactone  of  hydroxycamphoric 
acid, 

CgHi3Br(COOH)2  -f  HgO  =  C8Hi3(OH)(COOH)2 + HBr, 

together  with  lauronolic  acid,  this  acid  being  produced  by  the  elimina- 
tion of  carbon  dioxide  and  hydrogen  bromide,  thus, 

CgH,3Br(C00H),  =  CgHjg-  COOH  -f-  COg  -f  HBr 

(Aschan,  Jkr..  1894,  27,  3504). 


1 


J 
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When  camphanic  acid  *  is  distilled,  it  readily  loses  carbon  dioxide 
and  yields  campholactone, 

C3H,3(COOH)<V      =    CsH,,<?      +    CO,. 


In  this  decomposition,  the  carboxyl  group  which  is  eliminated  must 
be  the  ortho-  one,  since  lactone  formation  cannot  take  place  between  a 
hydi"oxy-group  and  a  carboxyl  group  when  both  are  attached  to  the 
same  carbon  atom.  Now  lauronolic  acid  is  readily  converted  into 
campholactone  by  boiling  with  dilute  sulphuric  acid,  and  therefore  in 
its  formation  from  bromocamphoric  anhydride  as  represented  above,  it 
is  clear  that  the  carboxyl  group  which  is  removed  is  also  the  ortho- 
one,  or  in  other  words  laui'onolic  acid  contains  the  rt?/o-carboxyl  group 
of  the  original  camphoric  acid  molecule. 

Taking  the  author's  formula  for  camphoric  acid  as  the  basis,  it  will 
be  seen  at  once  that  these  changes  are  all  easily  understood,  the 
following  formulae  representing  the  constitution  of  the  various  sub- 
stances mentioned  above. 


CH2— CH-COOH  (ortho) 

(^h:3)2C^^.^ch2 

CHg-C-COOH  (alio) 

Camphoric  acid. 


CH,- 

(CH3)2C      . 


-CBr-COOH 
CH, 


CHg-C-COOH 

Brojiiocamplioric  acid. 


CH, 


(CH3)2C 


O 


-C-COOH 

/ 


CHg-C^ 


I  /CO 


-OH, 

Camphanic  acid. 


CH,- 

(0113)20  y 

'  /CO 


-CH 


o- 


CH, 


CHa'C 

Campholactone. 


(CH3)2C 
OHg-  C 
LauroTwlic  acid. 


CHg-  C— COOH 


The  formula  for  lauronolic  acid  is  in  accordance  with  "Walker's 
views,  in  so  far  that  it  represents  this  acid  as  a  y8y-un saturated  acid, 
and  thus  accounts  for  the  ease  with  which  it  is  converted  into  campho- 
lactone on  treatment  with  acid ;  and  since  allo-campholytic  acid  also 
readily  yields  campholactone  with  acids,  it  is  very  probable,  as  stated 
above,  that  it  is  stereoisomeric  with  lauronolic  acid. 

In  a  similar  manner,  the  constitution  of  isolauronolic  acid  (and  of 
campholytic  acid)  may  be  deduced  from  the  author's  camphoric  acid 

*  Lauronolic  acid  is  also  produced  in  this  decomposition 

C8Hi3(COOH)<?^   =  CgHia-COGH  +  00^. 
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formula,  either  by  considei'ing  the  formation  of  this  acid  from  sodium 
ethylic  or^/fo-camphorate  by  electrolysis,  or  from  camphoric  anhydride 
by  the  action  of  aluminium  chloride.  In  the  latter  case,  the  acid  is 
formed  simply  by  the  elimination  of  CO  from  the  rtZ^o-position,  and 
thus  leads  to  an  intermediate  formula,  which,  by  necessary  molecular  re- 
arrangement, gives  without  difficulty  the  formula  for  isolauronolic  acid. 


CH, 


-CH 


CH.— CH-COO 


CH,— C-COOH 


(CH3)2C  Q 

'    /CO 


/ 


CO 


CHg-C 


-      (CH3)2C 


-CH, 


CHs'C- 


-CHo 


(CH3),C 


CH.-CH — CH 


Camphoric  anhydride. 


2  "^-^-"3 

Isolauronolic  acid. 

It  will  be  noticed  that  the  formula  for  isolauronolic  acid  given  here 
is  identical  with  that  which  was  deduced  for  this  acid  on  p.  810. 

This  formula  appears  to  agree  well  with  the  known  properties  of  iso- 
lauronolic acid  ;  it  represents  the  acid,  for  example,  as  an  a;8-unsatu- 
rated  acid,  and  thus  accounts  for  the  fact  that  it  is  not  converted  into 
a  lactone  on  boiling  with  dilute  acids. 

Isolaiironolic  acid  is  formed  when  campholytic  acid  is  boiled  with 
dilute  acids,  and  it  is  therefore  probable,  as  mentioned  before,  that  these 
two  acids  are  stereoisomeric.  Now  campholytic  acid,  CgHj^Og,  yields 
a  dibromide,  CyH^^Br^Og,  which,  when  treated  with  sodium  carbonate, 
gives  a  bromo-derivative  of  an  unsaturated  hydrocarbon  (see  p.  813),* 

CisHisBrg-COONa  =  C8Hi3Br  +  COg  +  NaBr, 

and  this  kind  of  decomposition,  which,  as  Fittig  has  shown,  is  con- 
lined  to  the  dibrom-additive  compounds  of  a/3-unsaturated  acids,  is  very 
well  undei'stood  with  the  aid  of  the  above  formula  for  campholytic  acid. 

CH2— C-COOH  CH2— CBr-COOH  CH— CBr 

^S^^^          II  (CH3),C          I  (CH3),C    "     II 

CH3-CH— CH  CH^-CH — CHBr  CHg-CH— CH 

Camjihol ijtic  acid  and  Dibromide.  Br omo- derivative  of 

isolauronolic  acid.  hydrocarbon. 

It  may  be  easily  shown  that  the  formation  and  properties  of 
lauronolic  acid  and  isolauronolic  acid,  and  the  oxidation  of  the  latter 
to  isolauronic  acid  and  dimethyhicetyllMityric  acid,  cannot  be  satisfac- 
torily explained  with  the  aid  of  Bredt's  formula  for  camphoric  acid. 

CH- 


-COOH  (ortho) 


CH^ 
CHo 


COOH  (alio) 
*  Isolauronolic  acid  seems  to  behave  in  the  same  way  (Noyes,  Bcr.,  1895,  28,  552). 
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If,  in  proof  of  this  statement,  we  take  the  formation  of  isolaiironolic 
acid  by  the  action  of  ahimiuium  chloride  on  camplioric  aidiydridc,  a 
reaction  which,  as  was  shown  on  p.  81(5,  takes  phice  with  elimination 
of  C!0  from  the  allo-position,  we  obtain  the  following  result. 


CH CH., 

(CH3).,C        O 


CH — COO 
gives  (CH3).3C"^  CH^ 

CH.,-C — CH, 


Camphoric  anhydride.  Intermediate  formula. 

(Bredt.) 

This  intermediate  formula  must  now  undergo  intramolecular  change, 
and  the  only  possible  formula  for  isolaui-onolic  acid  which  can  be 
derived  from  this,  and  at  the  same  time  represent  the  acid  as  an 
a/?-unsaturated  acid,  is  I,  and  if  from  this  formula  we  now  endeavour  to 
deduce  the  constitution  of  isolauronic  acid,  C.^H^^Og  (p.  806),  we  get  the 
expression  II, 

C^^;— COOH  C^^—COOH 

I.     (CH3),C^CH  JI.     (CH3).,C^C0 

CHg-CH-CHo  CHg-CH-CH 

which  does  not  account  at  all  for  the  properties  of  this  acid,  and  with 
the  aid  of  which  it  seems  quite  impossible  to  imagine  the  formation  of 
dimethylacetylbutyric  acid,  CH3-CO-C(CH3),-CHo-CH2'COOH,  by 
further  oxidation. 

There  is  still  one  formula  for  camphoric  acid  which  must  be  discussed, 

H    H 

especially  as    it    contains  the  gx-oup    ~Y      t      ^^^^ ,  which  Walker 

C— COOH 

(Ti-ans.,  1896,  59,  757),  as  the  result  of  his  investigations,  considers 
must  be  present  in  this  acid,  and  that  is  the  formula. 

CH., — CHi, 
(CHg),^    " ,  CH-COOH  (ortho) 
CHg-C-COOH  (alio) 

This  formula  was  suggested  by  the  avithor  some  time  since  (Proc, 
1896,  191)  as  possibly  being  the  correct  expression  for  the  constitution 
of  camphoric  acid. 

Using  the  same  arguments  as  before,  the  formation  of  isolauronolic 
acid  from  this  formula  would  be  expressed  thus. 


CH.,— CH,  CH2— CH2 

(CH3),C    VCH— CO  (C!H3)2C           I 

CH3-"c— -CO 6  CHg-C CH-COO 

Camphoric  anhydride.  Intermediate. 
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CHg— CHg  CH.— CH 

I.     (CIl3)i         J  or         II.       {Cli,\C    '     |i 

CH3-C^=C-C00H  CHg-CH — C-COOH 

Isol.iuronoHc  acid. 

These  views  of  the  constitution  of  isolauronolic  acid,  although  much 
more  satisfactory  than  those  derived  from  Bredt's  foi'mula,  are  never- 
theless improbable,  since  they  would  lead  to  formulae  such  as 

CH2— CO  CH— CO 

(CH3)  C  I  or  (CH3),c 


CH3-C=  C-COOH  CHo-cH— C-COOH 


/2| 

for  isolauronic  acid,  which  do  not  satisfy  the  condition  3  stated 
on  p,  806.  The  fii-st  of  these  also  could  not  give  acetyldimethyl- 
butjric  acid  on  oxidation,  and  although  the  formation  of  this  acid 
acid  might  be  explained  with  the  aid  of  the  second  formula,  if  it 
is  assumed  that  the  following  changes  could  take  place, 

CH— CO  CHg     COOH 

(CH3),C\|  +  H^O   ^     (CH3),C\( 

CH3-CH— C-COOH  CHg-CH — C-COOH 


Intermediate. 


CH^ 
oxidation  =       (CH3)2Cr^CH2-COOH 
CHg-CO 


this  assumption  is  highly  improbable,  since  the  intermediate 
trimethyltetramethylenedicarboxylic  acid  represented  here  would  be 
a  very  stable  substance,  easily  capable  of  isolation,  and  very  difficult 
to  attack  by  oxidising  agents. 

There  are  also  other  arguments  against  the  formula, 

CHg — CHg 
(CH3)2C  ^^CH-COOH, 
CHg-C— COOH 

for  camphoric  acid,  such  as,  for  example,  the  difficulty  in  explaining 
the  lactone  nature  of  camphanic  acid,  which  appear  to  the  author 
to  make  it  much  less  probable  than  the  formula  adopted  in  this 
paper. 

In  a  paper  published  a  short  time  since  (Bull.  Soc.  Chim.,  1898, 
[iii],  19,  534),  G.  Blanc  starting  with  the  formula*  given  just  above 
for  camphoric  acid,  deduces  the  expression 

Tills  formula,  which  Blanc  calls  Bouveault's  formula,  for  camphoric  acid 
was  first  suggested  by  the  author  of  this  paper  (Proc,  1896,  191);  Bouveault's 
communication  did  not  appear  till  later  (compare  Centralblatt,   1897,  ii,  856). 
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CTT— CH. 

(CH3),(|i    "      I 

CH3-C=C-C00H 

for  isolauronolic  acid,  and  states  that  this  may  be  taken  as  "  fixee 
avec  la,  2)lu8  absolue  certitude."  Blanc  arrives  at  this  formula  (which 
is  identical  with  that  given  on  p.  818)  from  the  consideration  that, 
as  isolauronolic  acid  is  inactive,  the  asymmetry  of  the  two  asymmetric 
carbon  atoms  in  camphoric  acid  must  have  disappeared  in  the  forma- 
tion of  this  acid,  and  he  also  explains  that  this  formula  readily  accounts 
for  the  formation  of  acetyldimethylbutyric  acid  on  oxidation. 

The  results  of  the  examination  of  the  ethylic  and  methylic  salts  of 
isolauronolic  acid,  which  are  given  on  p.  833,  make  it  appear  probable 
that  this  acid  is  feebly  dextrorotatory,*  and  in  this  respect  it  re- 
sembles borneocamphene,  which  is  vei-y  feebly  dextrorotatory.  But, 
since  borneocamphene  gives  camphoric  acid  on  oxidation,  it  probably  still 
contains  both  the  asymmetric  carbon  atoms  of  the  original  camphor 
molecule,  and  its  formula,  on  the  basis  of  the  camphor  formula  given 
on  p.  798,  may  be  represented  as 

CH, CH 

(CUXC     //^^^ 

CHg-C CHo 

It  is  well  known  that  comparatively  small  changes  in  the  structure 
of  a  substance  often  very  much  affect  its  rotation,  and  arguments  as 
to  constitution  based  on  optical  inactivity  are  useless  until  it  is 
satisfactorily  proved  that  the  substance  in  question  is  really  inactive 
and  not  merely  a  racemoid  modification. 

If  the  views  expressed  in  this  paper  are  correct,  the  constitution  of 
camphor  will  be  i^epresented  by  the  formula 

CH, OH 

/ 
(CH3)2C    /CO 

CHg-C^ CH2 

which,  as  will  be  shown  in  a  future  paper,  appears  to  account  satis- 
factorily for  the  reactions  of  this  substance. 

This  research  was  commenced  in  1889  in  the  laboratories  of  the 
Heriot  Watt  College,  Edinburgh,  and  since  1892  it  has  been  con- 
tinued in  the  Owens  College,  Manchester.      During  the  course  of  the 

*  In  order  to  decide  this  point,  very  careful  experiments  on  the  acid  itself  are  in 
progress. 
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work,  the  author  hns  received  valuable  assistance  from  Messrs. 
V,.  Prentice,  W.  K.  Bentley,  E.  Haworth,  J.  L.  Heinke,  C.  T.  Abell, 
F.  JI.  Lees,  and  othei's ;  he  is  also  much  indebted  to  Professors 
F.  S.  Kipping  and  James  Walker  for  reading  the  manuscript  and 
criticising  the  theoretical  conclusions  arrived  at  in  the  Introduction 
to  this  paper,  and  also  to  Prof.  Ossian  Aschan  for  valuable  sugges- 
tions. 

The  author  also  wishes  to  state  that  the  greater  part  of  the  heavy 
expense  which  is  unavoidable  in  an  investigation  of  this  kind  has 
been  met  by  repeated  Grants  from  the  E.esearch  Fund  of  the  Ptoyal 
Society,  without  which  it  would  hardly  have  been  possible  to  have 
cai'ried  on  these  experiments. 


Experimental. 


CHg— C-COOH 

Sulphocam2)hylic  acid,  (CHg).,^  1 1 

CHg-  CH—  O-SOgH 

In  preparing  small  quantities  of  this  acid,  Koenigs  and  Hoerlein 
{Ber.,  1893,  26,  812)  heated  20  grams  of  camphoric  acid  with  40  c.c. 
of  sulphuric  acid  for  4 — 5  hours  on  a  water  bath,  and  after  adding 
water  and  extracting  the  unchanged  camphoric  acid  with  ether,  they 
evaporated  to  the  crystallising  point  and  purified  the  crude  sulpho- 
camphylic  acid  by  recrystallisation  from  ethylic  acetate.  This  process 
gives  very  good  results,  but  it  is  not  well  adapted  for  preparing  the 
acid  in  such  quantities  as  were  required  for  the  present  investigation  ; 
and  after  many  experiments,  the  following  method  was  devised,  by  which 
large  quantities  of  sulphocamphylic  acid  may  be  obtained  in  an  almost 
pure  condition  in  a  comparatively  short  time.  Five  hundred  grams 
of  camphoric  acid  *  and  1250  grams  of  concentrated  sulphuric  acid  are 
heated  in  a  large,  round-bottomed  flask  on  a  briskly  boiling  water  bath, 
when  the  crystals  rapidly  dissolve  with  evolution  of  much  carbon  mon- 
oxide, which  must  be  carefully  led  away  through  a  tube  into  the  draught 
hole  of  a  good  draught  cupboard,  or,  better  still,  into  the  open  air. 
After  6 — 7  hours  heating,  the  thick,  brown  liquid  is  left  until  cold,  and 
then  mixed  with  an  equal  volume  of  water,  and  allowed  to  stand  over- 
night to  crystallise,  when  the  whole  generally  sets  to  a  solid  cake. 
The  crystals,  which  consist  of  crude  sulphocamphylic  acid,  are 
collected  with  the  aid  of  the  pumj),  and  freed  as  far  as  possible  from 
the  dark  mother  liquors  by  pressure  ;  these  mother  liquors  were  always 
discarded,  as,  although  by  suitable  treatment  an  appx-eciable  amount  of 

The  wliole  of   the  caniplioric  acid  used  in  tliis  resor.rch  was  obtained  from 
KaLlbauni,  and  it  was  always  found  to  be  of  very  excellent  quality. 
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sulphocamphylic  ncid   may   be    extracted   from   them,  the    process  is 
tedious  and  the  product  difficult  to  purify. 

The  crude  acid  obtained  from  two  or  three  such  operations  is  trans- 
ferred to  a  large  earthenware  pot,  and  after  being  mixed  with  five 
times  its  weight  of  water,  steam  is  passed  in  until  the  temperature  has 
been  raised  to  the  boiling  point  and  the  whole  lias  dissolved.  On  stand- 
ing for  24  hours  in  a  cool  place,  the  greenish  liquid  deposits  a  quantity 
of  unchanged  camphoric  acid,  which  is  removed  by  filtration  through 
canvas  bags,  and  the  filtrate  is  then  mixed  with  a  little  animal  char- 
coal, and  steam  again  passed  in  until  the  boiling  point  is  reached. 
After  filtering  through  large  folded  filters,  the  solution  of  sulpho- 
camphylic acid  will  be  nearly  colourless ;  it  is  now  concentrated  con- 
siderably on  the  water  bath  and  extracted  about  eight  times  with 
ether,  so  as  to  free  it  completely  from  unchanged  camphoric  acid.  The 
solution,  after  being  evaporated  to  a  small  bulk,  deposits  the  sulpho- 
camphylic acid,  on  standing,  as  a  mass  of  colourless  prisms,  which,  after 
removal  of  the  mother  liquor  with  the  pump,  is  almost  pure  ;  in  this 
form,  it  was  used  in  the  experiments  described  in  this  paper.  For  the 
analyses,  the  acid  was  once  more  crystallised  from  water,  and  allowed 
to  remain  exposed  to  the  air  at  the  ordinary  temperature  to  dry. 

Determination  of  the  loater  of  crystallisation. 

0-9663  of  the  air  dried  crystals  lost,  at  95°,  0-1162  =  12-03  percent. 
0-7247         ;,  „  „       95°,  0-0891  =  12-29 

0-8101  of  the  crystals,  dried  at  95°,lost,  at  130°,  0-0610  =  7-53  per  cent. 
0-6356     „  „  „  „  130°,  0-0454  =  7-11       „ 

C3Hi^S05,3H.,0  losing  2H2O  =12-49  per  cent. 

CgH.^SOs.Hp        „        HoO  =    7-14       „ 

Analysis  of  the  anhydrous  acid. 

0-1266  gave  0-2147  CO2  and  0-0689  H^O.    0  =  46-25;  H  =  6-04. 
0-1520     „     0-2587  00.2    „     0-0827  H2O.   0  =  46-41 ;  H  =  6-04. 
0-6794     „     0-6653  BaSO^.    S  =  13-45^ 
0-6098     „     0-6002  BaSO^.    S  =  13-51. 

OgHj^SOg  requires  0  =  46-15  ;  H  =  5-98  ;  S  =  13-68  per  cent. 

These  results  show  that  sulphocamphylic  acid  has  the  formula 
CgH^^SOj  4- 3H2O,  and  not  OgH^gSOg -1- 2H2O,  as  was  supposed  by 
Kachler  and  othei-s  to  be  the  case,  and  of  the  3  molecules  of  water  2 
are  given  off  at  95°  and  the  remaining  molecule  at  130°. 

Sulphocamphylic  acid  crystallises  from  water,  in  which  it  is  exces- 
sively soluble,  in  large,  colourless,  glistening  prisms.  Its  general  pro- 
perties have  already  been  mentioned  in  the  Introduction  to  this  paper, 
and  many  of  its  derivatives  are  described  in  detail  in  the  following 
pages. 
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Salts  of  Sulphocaniphylic  Acid. 

Hydrogen  Potassium  Sulphocamphylate,  CgH^gSOriK  +  H^OC?). — This 
salt  was  prepared  by  dissolving  sulphocamphylic  acid  in  water,  dividing 
the  solution  into  two  parts,  neutralising  the  one  with  pure  potassium 
carbonate,  and  then  adding  the  other.  It  is  readily  soluble  in  water, 
aild  crystallises  in  magnificent  tabular  crystals  which  do  not  become 
opaque  on  exposure  to  the  air,  and  do  not  lose  weight  at  100°.  "When 
dry,  this  salt  has  the  appearance  of  alabaster,  and  breaks  up  into  flakes 
on  pounding  in  a  mortar.     Analysis. 

0-4305  gram  of  the  salt  gave  0-1320  K2SO4.    K  =  13-76. 
CgH^gSOgK  +  H2O  requires  K  =  13-45. 
CyHigSO^K  requires  K=  14-33. 

From  the  results  of  this  analysis,  it  is  possible  that  this  salt  crys- 
tallises with  IH^O. 

Potassium  Sulpliocampliylate,  '^i^^^O^,^. — Considex'able  quantities 
f  this  salt  were  prepared  during  the  experiments  on  sulphocamphylic 
jhloride  (p.  823)  by  exactly  neutralising  an  aqueous  solution  of  sulpho- 
camphylic acid  with  potassium  carbonate,  and  then  concentrating  on 
the  water  bath.  The  mass  of  colourless  crystals  which  separated  on 
standing  was  collected  with  the  aid  of  the  pump,  rapidly  washed  with 
small  quantities  of  water,  and  drained  on  a  porous  plate.  The  air 
iried  salt  does  not  appear  to  contain  water  of  crystallisation,  since 
the  loss  at  150°  only  amounted  to  O'S  per  cent. 

0-4328,  dried  at  150°,  gave  0-2493  KgSO^ ;  K  =  25-82. 
CgHjgSOsKg  requires  K  =  25-16. 

This  salt  crystallises  in  small  needles,  and  is  very  readily  soluble  in 
water. 

Hydrogen  Sodium  Salt,  CgHjgSOgNa  +  5H2O. — This  salt  was  acci- 
dentally prepai'ed  during  the  course  of  some  experiments  on  the  action 
of  sodium  hydrogen  suljjhite  on  sulphocamphylic  acid  ;  a  very  strong 
solution  of  the  acid  was  nearly  neutralised  with  sodium  carbonate,  and 
then  a  saturated  solution  of  sodium  hydrogen  sulphite  was  added. 
On  standing,  a  quantity  of  iridescent  plates  separated,  which  were 
collected  and  purified  by  recrystallisation  from  water.  The  crystals, 
after  being  allowed  to  stand  on  a  porous  plate  exposed  to  the  air  for 
3  days,  were  analysed. 

J.  0-5556  gram,  heated  at  100°  for  2^  hours,  lost  0-1156  H.p  = 
20-8  per  cent,  and  the  residue,  on  treatment  with  sulphuric  acid,  gave 
0-1106  Na.^H04.      Na  =  6-98  per  cent. 

II.  0-4400  gram,  heated  at  lOO"*  until  constant,  lost  00901   MgO« 
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20  28  per  cent.  This  salt  very  probably  has  the  formula  CgHj3S0r,Na 
+  5H2O,  which  contains  6  65  per  cent,  of  sodium,  and  when  heated  at 
100°  it  loses  4H2O  or  20-81  per  cent,  of  water. 

Besides  these  salts,  Koenigs  and  Hoerlin  (Ber.,  1893,  26,  813)  pre- 
pared and  analysed  the  neutral  silver  salt,  CgH^oAgjSOr,  +  2HoO,  the 
hydrogen  silver  salt,  CgH^gAgSOj  +  2H2O,  and  a  beautifully  crystalline 
hydrogen  lead  salt,   (CgHj3S05)2Pb  +  6H0O. 

Carl  Meyer  [Dissertation  Munich,  1895,  p.  25)  also  prepared  the 
methylic  salt,  C9Hj2S05(OH.^)2  (m.  p.  72°),  and  a  hydrogen  methylic  salt, 
CgH^gSOs-CH,  (m.  p.  140°). 

Sulphocamphylic  Chloride,  Q^-^c^{G0OS)'^0^\. 

This  substance  is  formed  when  dry  potassium  sulphocamphylate  is 
treated  with  phosphorus  pentachloride.  When  mixed  under  ordinary 
conditions,  these  two  compounds  reacted  with  considerable  violence, 
much  heat  was  developed,  and  the  whole  became  converted  into  a  car- 
bonaceous mass  from  which  nothing  crystalline  could  be  extracted,  and 
for  a  long  time  all  attempts  to  prepare  sulphocamphylic  chloride  were 
unsuccessful. 

Ultimately,  however,  by  working  at  low  temperatures,  and  mixing 
the  substances  in  small  portions  at  a  time,  so  as  to  avoid,  as  far  as 
possible,  rise  of  temperature,  it  was  found  possible  to  isolate  sulpho- 
camphylic chloride  in  sufficient  quantities  to  allow  of  its  properties 
being  carefully  investigated.  The  method  of  preparation  and  extrac- 
tion employed  is  as  follows. 

Phosphorus  pentachloride  (100  grams)  is  weighed  out  into  a  narrow 
beaker  containing  a  thermometer,  and  cooled  by  a  freezing  mixture  to  at 
least  — 10°,  and  carefully  dried  potassium  sulphocamphylate  (40  grams) 
is  then  gradually  added  in  quantities  of  about  2  grams  at  a  time,  the 
whole  being  rapidly  stirred  with  the  thermometer  after  each  addition, 
great  care  being  taken  during  the  operation  that  the  temperature 
does  not  rise  above  0°.  When  all  the  potassium  salt  has  been  added, 
the  beaker  is  left  in  an  ice  chest  overnight,  and  the  dark  brown, 
almost  black,  product  is  then  stirred  with  powdered  ice ;  after  standing 
for  about  an  hour,  the  dark,  insoluble  precipitate  is  collected,  washed 
with  water,  and  allowed  to  remain  in  contact  with  porous  porcelain  in 
a  cool  place  vmtil  quite  dry.  The  almost  black  product  thus  obtained 
is  now  ground  up  with  sand,  transferred  to  a  Soxhlet  apparatus,  and 
extracted  with  dry  ether,  when  the  whole  of  the  sulphochloride  passes 
into  the  ether,  leaving  a  large  quantity  of  an  insoluble,  black  residue. 
If  the  brown,  ethereal  solution  is  evaporated  in  a  flask  to  a  small 
bulk,  and  the  flask  loosely  corked,  and  allowed  to  stand  in  an  ice  chest, 
sarUde  sulphocamphylic  chloride  sepai'ates  in  brown  crusts,  which  ma,y 
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be  obtained  almost  colourless  by  repeated  recrystallisation  from  ether 
with  the  aid  of  animal  charcoal. 

0-1994  gave  0-1124  AgCl.     CI- 13-93. 

C8Hj2(COOH)-S02Cl  requires  CI  =  14-05  per  cent. 

Sulphocamphylic  chloride  melts  at  168",  with  decomposition.  It  is 
readily  soluble  in  alcohol  and  warm  acetic  acid,  but  only  sparingly  in 
benzene  and  light  petroleum,  and  crystallises  beautifully  either  from 
dilute  acetic  acid  or  from  dilute  alcohol.  It  dissolves  in  cold  sodium 
carbonate  solution,  and  may  be  reprecipitated  unchanged  on  the  addi- 
tion of  acids ;  if,  however,  the  alkaline  solution  is  warmed  for  a  few 
minutes,  the  sulphochloride  is  converted  into  sulphocamphylic  acid, 
and  no  precipitation  takes  place  on  acidifying. 


Chlorodihydro-li-camphylic  Acid,  CgH^^Cl'COOH. 

When  strongly  heated,  sulphocamphylic  chloride  readily  undergoes 
decomposition,  with  elimination  of  sulphur  dioxide  and  formation  of 
chlorodihydro-^-cainjihylic  acid,  thus, 

CgHi2(S02Cl)-COOH  =  CsH^gCl-  COOH  +  SO^. 

In  investigating  this  decomposition,  pure  sulphocamphylic  chloride, 
in  quantities  of  about  10  grams,  was  heated  under  reduced  pressure  in 
a  small  retort  connected  with  a  long  glass  air  condenser*  until  the 
evolution  of  sulphur  dioxide  had  ceased ;  on  rapidly  distilling  the 
residue,  almost  the  whole  passed  over  at  195 — 200°  (45  mm.)  as  a 
light  greenish  oil,  which,  on  cooling,  solidified  completely.  The  solid 
distillate,  which  consisted  of  almost  pure  chlorodihydro-;8-camphylic 
acid,  was  dissolved  in  boiling  light  petroleum  (b.  p.  50 — 60°),  filtered, 
and  the  solution  allowed  to  cool  slowly,  when  beautiful,  colourless 
needles  were  gradually  deposited  which,  on  analysis,  gave  the  following 
numbers. 

0-1354  gave  0-2852  CO^  and  00870  H^O.     C  =  57-44;  H  =  7-14. 

0-2044     „     0-1480  AgCl.     01  =  17-92." 

0-2225     „     01651  AgCl.     CI  =  18-36. 

CgHjjCl-COOH  requires  C  =  57-32  ;  H  =  6-9.     CI  =  18-78  per  cent. 

Chlorodihydro-/3-camphylic  acid  melts  at  105 — 106°,  and  is  readily 
soluble    in    alcohol,   ether,   chloroform,   acetic  acid,   and   warm  light 

*  In  carryinfj  out  this  operation,  it  is  necessary  to  use  a  condenser  at  least  2 
feet  lonp,  and  to  avoid,  as  far  as  possible,  narrow  openings  in  connectinff  the  appa- 
ratus with  the  vacuum  pump,  as  during  the  decomposition  the  chlorodihydro- 
camphylic  acid  is  carried  over  by  the  sulphur  dioxide  to  such  an  extent  as  to  readilj' 
block  up  the  connections  and  cause  an  explosion. 
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petroleum,  but  almost  insoluble  in  water ;  it  is  best  crystallised  from 
light  petroleum  or  from  dilute  acetic  acid. 

It  dissolves  in  dilute  sodium  carbonate  solution  without  decomposi- 
tion, and  the  cold  solution  instantly  decolorises  permanganate,  but  the 
experiments  on  this  oxidation  hitherto  made  have  not  given  very 
definite  results.  The  solution  of  the  acid  in  chloroform  does  not 
decolorise  bx'omine,  even  on  long  standing,  and  the  acid  does  not 
appear  to  react  with  hydrogen  bromide  at  ordinary  temperatures, 
since  its  solution  in  glacial  acetic  acid,  after  being  saturated  with 
hydrogen  bromide  and  kept  for  some  days,  deposits  the  unchanged 
substance  when  evaporated  over  potash  in  a  vacuum  desiccator. 

In  chlorodihydro-/8-camphylic  acid  the  chlorine  is  very  firmly  held, 
as  is  shown  by  the  fact  that,  even  if  the  solution  of  the  acid  in  sodium 
carbonate  is  left  in  contact  with  excess  of  sodium  amalgam,  very  little 
reduction  takes  place ;  if,  however,  the  acid  is  boiled  with  sodium 
amalgam,  reduction  does  take  place,  with  formation  of  substances 
which  are  at  present  under  investigation. 


Dibromo-chlorodihydro-(i-cam})hyliG  acid,  CgH^gBrgCl*  COOH. 

The  action  of  bromine  on  chlorodihydro-yS-camphylic  acid  was  in- 
vestigated in  order  to  show  that  this  substance  is  unsaturated,  and 
thus  to  obtain  indirect  evidence  of  the  unsaturated  nature  of  sulpho- 
camphylic  acid.  Bromine  appears  to  have  little  action  on  the  solution 
of  chlorodihydrocamphylic  acid  in  chloroform,  and  although  the  dry 
halogen  reacts  readily,  a  good  deal  of  hydrogen  bromide  is  evolved, 
and  considerable  difficulty  was  experienced  in  isolating  the  product. 
This  was  ultimately  accomplished  as  follows.  The  finely  powdered 
acid,  in  quantities  of  half  a  gram,  was  exposed  on  a  watch-glass  in  a 
desiccator  containing  bromine  and  sulphuric  acid  for  about  1^  hours, 
until  the  substance  had  become  coloured  red  throughout  by  the 
bromine,  care  being  taken  to  remov^e  the  watch-glass  before  the  mass 
commenced  to  become  liquid.  The  product  was  left  exposed  to  the  air 
until  the  excess  of  bromine  had  evaporated,  and  the  sticky  residue  was 
then  ground  up  in  a  mortar  several  times  with  small  quantities  of 
light  petroleum  (b.  p.  40 — 50°) ;  about  half  of  it  dissolved,  leaving  a 
residue  which  was  very  sparingly  soluble  in  light  petroleum.  Tbis 
may  be  recrystallised  from  dilute  alcohol  if  the  operation  is  rapidly 
performed,  and  in  this  way  beautiful,  glistening  prisms  are  obtained 
which  gave  the  following  results  on  analysis. 

0-1656  gave  0-1910  CO2  and  00576  H^O.     C  =  31-45;  H  =  3-86. 

CgH^gBrgCl-  COOH  requires  C  -  30-99.     H  =  373  per  cent. 
0  1 342  gram  gave  0"1995  gram  of  the  mixed  chloride  and  bromide  of 
VOL.    LXXIII,  3   K 
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silver,  the  amount  required  by  the  formula  CpH^gBrgCl*  COOH  being 
01 994  gram. 

Dibromochlorodihydro-/3-camphylic  acid  decomposes  rapidly  at  about 
171 — 172°.  It  is  readily  soluble  in  alcohol,  benzene,  chloroform,  and 
acetic  acid,  almost  insoluble  in  cold  light  petroleum,  and,  as  stated 
above,  it  may  be  recrystallised  from  dilute  alcohol  if  the  operation  be 
rapidly  performed,  otherwise  the  acid  decomposes,  with  formation  of  a 
substance,  not  yet  investigated,  which  melts  at  about  100 — 102°  and 
decomposes  with  evolution  of  gas  at  150 — 160°. 

Dibromochlorodihydrocamphylic  acid  dissolves  in  dilute  caustic 
soda,  and  the  solution,  on  gently  warming,  rapidly  deposits  bromo- 
form ;  if  this  be  removed  and  the  aqueous  solution  acidified,  an  oily 
acid  separates  which,  on  standing,  gradually  solidifies. 

P-Camphylic  Acid,  CgHj^'COOH. 

This  acid  is  formed  when  chlorodihydro-)8-camphylic  acid  is  digested 
with  alcoholic  potash,  hydrogen  chloride  being  eliminated  according  to 
the  equation 

CgHi^Cl-COOH  =  CgHji-  COOH  +  HCl. 

The  pure  acid  was  dissolved  in  a  little  alcohol,  the  solution  heated  to 
boiling  in  a  reflux  apparatus,  and  then  a  large  excess  of  strong 
alcoholic  potash  added  in  small  quantities  at  a  time  ;  decomposition 
takes  place  slowly,  with  separation  of  potassium  chloride.  After 
boiling  for  2  hours,  water  was  added,  the  solution  evaporated  until 
free  from  alcohol,  cooled  well,  and  acidified  with  hydrochloric  acid, 
when  an  almost  colourless,  crystalline  acid  separated ;  this,  after 
recrystallisation  from  dilute  acetic  acid,  melted  at  103 — 105°,  and  on 
examination  proved  to  be  /8-camphylic  acid. 

0-1505  gave  0-3896  CO.^  and  0-1064  HgO.     C  =  70-60  ;  H  =  7-85. 
CgH^i'  COOH  requires  0  =  71-05  ;  H  =  7-89  per  cent. 

^-camphylic  acid  has  been  obtained  in  quantity  by  the  fusion  of 
sulphocamphylic  acid  with  caustic  soda,  and  a  detailed  description  of 
the  properties,  and  the  discussion  of  the  constitution  of  this  interesting 
substance,  is  reserved  for  a  future  communication. 

Suljyhocamjyfiylic  Broviide,  Cj^^^{QOQi^'^O^v. 

This  can  be  prepared  by  treating  dry  potassium  sulphocamphylate 
with  phosphorus  pentabromide,  the  reaction  being  much  less  violent 
than  is  the  case  with  phosphorus  pentachloride  (p.  823).  The  dry 
potassium  salt  (16  grams)  is  gradually  mixed  in  a  mortar  with  the 
pentabromide  (GO  grams),  when  a  vigorous  action  sets  in,  torrents  of 
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hydrogen  bromide  are  evolved,  and  the  mass  becomes  quite  pasty. 
After  standing  for  2  hours,  the  product  is  stirred  with  powdered  ice 
until  the  crude  sulphobromide  has  become  quite  hard,  the  whole  is 
then  collected,  and  the  ochre-coloured  precipitate  washed  well  with 
water,  and  dried  on  a  porous  plate  at  the  ordinary  temperature.  The 
product  is  purified  by  recrystallisation  from  ether,  exactly  as  in  the 
case  of  the  corresponding  sulphochloride,  and  the  sample  employed 
for  analysis  was  also  recrystallised  from  dilute  alcohol. 

0-1598  gave  0-2120  COo  and  0-0603  HgO.     C  =  36-18  ;  H  -  4-20. 
0-1846     „     0-1146  AgBr.     Br  =  26-45. 
CgHi2(COOH)S02Br  requires  0  =  36-36;  H  =  4-37.    Br  =  26-93  per  cent. 

When  heated  in  a  capillary  tube,  sulphocamphylic  bromide  softens 
at  about  147°  and  melts  at  150°  with  decomposition,  due  to  elimination 
of  sulphur  dioxide.  It  is  readily  soluble  in  alcohol  and  in  boiling 
benzene,  but  only  sparingly  in  the  latter  solvent,  and  also  in  ether 
or  light  petroleum  in  the  cold. 


Bromodihydro-P-camphylic  Acid,  CgH^gBr-COOH. 

At  temperatures  slightly  above  its  melting  point,  sulphocamphylic 
bromide  decomposes  rapidly  with  evolution  of  sulphur  dioxide  and 
formation  of  hromodi]tydro-(i-camphylic  acid  ;  but  at  the  same  time  a 
quantity  of  carbonaceous  matter  is  formed,  and  unless  care  is  taken  in 
carrying  out  the  decomposition,  it  is  almost  impossible  to  extract  the 
product  and  obtain  it  in  a  crystalline  condition.  The  best  results 
were  obtained  in  the  following  way.  Test  tubes  containing  each 
about  2  grams  of  sulphocamphylic  bromide  were  gradually  heated  in 
a  sulphuric  acid  bath  until  the  temperature  reached  155°,  when 
decomposition  rapidly  set  in,  with  evolution  of  sulphur  dioxide.  After 
remaining  for  a  few  seconds  at  this  point,  the  temperature  was  allowed 
to  sink  to  about  140°,  and  kept  at  this  until  no  more  sulphur  dioxide 
was  evolved. 

If  the  uninviting-looking,  black,  tarry  product  be  now  digested  with 
light  petroleum  (b.  p.  60°)  the  brominated  acid  will  be  extracted,  the 
tarry  impurity  remaining  undissolved,  and  the  yellow  solution,  on 
standing  in  flat  basins  at  the  ordinary  temperature,  deposits  ochre- 
coloured,  crystalline  crusts  as  the  solvent  gradually  evaporates. 

The  crude  product  was  purified  by  recrystallisation  from  dilute 
formic  acid,  with  the  aid  of  animal  charcoal,  an  operation  which  must 
be  rapidly  carried  out,  as  prolonged  boiling  with  the  formic  acid 
decomposes  the  substance. 

The  pale,   ochre-coloured,   crystalline  precipitate,  which    separates 

3  K  2 
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from  the  hot  formic  acid  solution  on  rapidly  cooling  and  stirring  with 
a  glass  rod,  gave  the  following  results  on  analysis. 

0-1518  gave  0-2580  CO,  and  00775  H^O.     C  =  46-35  ;  H  =  567. 
0-2050     „     0-1648  AgBr.     Br  =  34-18. 
CgHigBr-COOH  requires  C  =  46-34  ;  H  =  5-57  ;  Br  =  34-33  per  cent. 

Bromodihydro-/3-camphylic  acid  melts  at  128 — 129^,  and  when 
heated  rapidly  in  small  quantities,  distils  with  very  little  decomposi- 
tion. It  dissolves  readily  in  alcohol,  benzene,  acetic  acid,  and  ether, 
but  is  only  sparingly  soluble  in  light  petroleum.  When  digested  with 
alcoholic  potash,  it  behaves  in  the  same  way  as  chlorodihydro-^- 
camphylic  acid,  yielding  ^-camphylic  acid. 


CH„— C-COOH 
Isolauronolic  Acid,  (0113)20 

OHg-CH — OH 

The  isolauronolic  acid  required  for  this  research  was  nearly  all 
prepared  by  the  two  following  methods. 

I.  The  Action  of  Heat  on  Suljyhocamphylic  Acid.  — When  rapidly  heated, 
crystallised,  air  dried  sulphocamphylic  acid  is  decomposed  into  iso- 
lauronolic acid  and  sulphuric  acid,  according  to  the  equation 

08Hi2(SO3H)-0OOH,H2O  ■=  OsH^g-  GOGH  +  H^SO^. 

Unfortunately,  at  the  temperature  of  the  reaction  the  sulphuric  acid 
formed  decomposes  much  of  the  product,  so  that  the  yield  of  iso- 
lauronolic acid  actually  obtained  is  not  more  than  8 — 10  per  cent,  of 
the  theoretical.  The  decomposition  of  sulphocamphylic  acid  was 
cari-ied  out  under  reduced  pressure  in  small  retorts  connected  by 
rubber  joints  with  a  long  air  condenser  fitting  into  an  ordinary 
distilling  flask,  the  latter  being  connected  with  the  water  pump.  On 
heating  the  sulphocamphylic  acid  (10  grams),  the  mass  froths  up 
without  actually  melting,  and  becomes  black  at  a  comparatively  low 
temperature,  white  fumes  coming  over  which  partially  condense 
in  the  condenser  tube  in  beautiful,  feathery  groups  like  snow  crystals, 
and  partially  pass  over  into  the  receiver  in  the  form  of  an  oil  which 
rapidly  solidifies.  The  distillation  is  stopped  when  oil  ceases  to  come 
over  ;  and  the  retort,  which  is  filled  with  a  voluminous  mass  of  carbon, 
is  replaced  by  a  fresh  one.  It  was  found  best  to  distil  the  acid  in 
quantities  of  not  more  than  ten  grams,  as,  if  larger  quantities  are 
employed,  the  frothing,  which  is  always  most  troublesome,  becomes 
unmanageable. 

The  product,  which  smells  strongly  of  sulphur  dioxide  and  oil  of 
turpentine,  is  dissolved  in  ether,  the  ethereal  solution  separated  froni 
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the  water  present,  dried  over  calcium  chloride,  evaporated,  and  the 
solid  residue,  which  contains  oily  impurity,  allowed  to  remain  in 
contact  with  porous  porcelain  until  dry  and  nearly  colourless.  The 
crude  isolauronolic  acid  thus  obtained  is  then  very  easily  purified  by 
recrystallisation,  either  from  dilute  alcohol  or  from  dilute  acetic  acid, 
from  which  solvents  it  separates  in  the  form  of  beautiful,  glistening 
prisms  which  melt  at  133 — 135°.  The  analysis  gave  the  following 
results. 

I.  0-1455  gave  0-3726  CO2 and  0-1203  H.,0.     C  =  69-89  ;  H  =  9-18. 
II.  0-1160     „     0-2984 CO.   „    0-0961  H^O.     C  =  70-16  ;  H-9-19. 
CgHi3-C00H  requires  C  =  70-13  ;  H  =  9-09  per  cent. 

II.  Fusion  of  Sulphocamphylic  Acid  with  Caustic  Soda  in  Cast 
Iron  Pots. — When  fused  in  cast  iron  vessels  with  caustic  soda,  sulpho- 
camphylic acid  undergoes  a  remarkable  decomposition,  yielding  iso- 
lauronolic acid  in  considerable  quantities,  a  reaction  which,  as  explained 
in  the  introduction  to  this  paper,  evidently  takes  place  in  the  following 
two  stages. 

In  the  first  place,  the  sodium  salts  of  a-  and  ^-camphylic  acids* 
are  formed. 

C8Hi,(S03Na)-COOKa  -f-  NaOH  =  Q^U^^-  COOISra  4-  Na^SOg  +  H.3O, 

and  these  salts  are  then  reduced  by  the  iron  of  the  cast  iron  vessel, 
with  formation  of  the  sodium  salt  of  isolauronolic  acid, 

CgHij-  COONa  +  2H  =  CsHi3-C00Na. 

As  this  reaction  was  employed  for  preparing  the  greater  portion  of 
the  isolauronolic  acid  used  in  this  research,  the  following  description 
of  the  process  is  given  in  detail. 

Caustic  soda  (450  grams),  mixed  with  about  250  c.c.  of  water  in  the 
outer  vessel  of  an  ordinary  large  glue-pot,  is  heated  on  a  Fletcher 
ring  burner  until  dissolved,  and  sulphocamphylic  acid  (150  grams)  is 
added  in  small  quantities  at  a  time,  and  with  constant  stirring  ;  the 
temperature  is  then  raised  slowly  to  about  240°,  and  maintained  at 
that  point  for  45  minutes.  During  this  operation,  pungent  vapours 
are  evolved,  and  with  some  practice  the  end  of  the  reaction  may  be 
readily  detected  by  the  appearance  of  the  melt,  which  becomes  granular 
and  nearly  solid.  The  product,  which  is  coloured  dark  reddish-brown 
by  the  ferric  oxide  which  it  contains,  is  dissolved  out  by  hot  water, 
and  transferred  to  a  large  porcelain  pot ;  and  when  about  2  kilos,  of 
sulphocamphylic  acid  have  been  fused  in  this  way,  the  liquid  is  acidified 
and  allowed  to  stand  overnight,  when  the  oil  which  separates  will  have 
become  semi-solid. 

*  A  description  of  these  interesting  acids  is  reserved  for  a  future  communication. 
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This  dark-brown,  semi-solid  mass  is  collected,  washed  with  water,  and 
stirred  up  with  ether  in  large  beakers  until  the  organic  matter  is 
entirely  dissolved  ;  the  ethereal  solution  is  then  decanted,  filtered  from 
the  ferric  oxide,  dried  over  calcium  chloride,  and  the  ether  distilled  off. 
The  oily  residue,  which  usually  weighs  about  350  grams,  is  next  twice 
fractionated  under  reduced  pressure,  when  nearly  the  whole  passes  over 
between  170 — lOO*^  (60  mm.)  as  a  pale  greenish  oil,  which  on  cooling 
solidifies  completely.  The  cx-ystalline  cake  is  broken  up  and  digested 
with  excess  of  sodium  carbonate  and  some  animal  charcoal,  filtered,  the 
filtrate  acidified,  and  the  crystalline  precipitate  collected  and  washed. 
In  this  way,  a  small  quantity  of  a  neutral  substance  smelling  stx'ongly 
of  peppermint,  and  much  colouring  matter,  is  removed.  In  order  to 
purify  the  crude  isolauronolic  acid  thus  obtained,  it  is  dissolved  in  excess 
of  ammonia,  and  submitted  to  distillation  in  steam,  when  the  ammonium 
salt  of  isolauronolic  acid  dissociates,  causing  the  acid  to  separate  out 
in  the  flask,  and  to  be  partially  carried  over  with  the  steam  and 
ammonia.  The  distillate  is  acidified,  and  the  precipitate,  together 
with  the  acid  which  has  separated  in  the  flask,  is  collected,  dis- 
solved in  sodium  carbonate,  heated  on  the  water  bath  with  purified 
animal  charcoal  for  half  an  hour,  and,  after  filtering,  the  acid  is  re- 
precipitated  and  purified  by  recrystallisation  from  dilute  acetic  acid  or 
dilute  alcohol,  until  the  melting  point  rises  to  133 — 135°.  The  analysis 
of  three  different  preparations  gave  the  following  results. 

0-1485  gave  0-3792  CO,  and  0-1206  H2O.     C  =  69-61  ;  H  =  9-02. 

0-1500     „     0-3865  CO2    „    0-1235  H.A     C  =  70-27 ;  H  =  9-28. 

0-1489     „     0-3826  CO^    „    0-1218  H^^O.     C  =  70-05  ;  H  =  908. 

CsHi3.C00H  requires  C  =  70-13";  H  =  9-09  per  cent. 

In  preparing  isolauronolic  acid  by  this  method,  a  quantity  of  oily 
impurity  is  removed  from  the  crude  crystals  during  the  crystallisation 
from  dilute  acetic  acid,  and  in  order  to  investigate  the  natui'e  of  this, 
the  mother  liquors  from  a  very  large  number  of  different  preparations 
were  mixed  with  water  and  extracted  with  ether.  The  ethereal  solu- 
tion was  several  times  washed  with  water  to  remove  the  acetic  acid, 
dried  over  calcium  chloride,  and  evaporated ;  in  this  way,  about 
50  grams  of  a  thick,  yellow  oil  was  obtained,  which  was  carefully 
fractionated,  first  under  reduced  pressure,  and  then  under  ordinary 
pressure. 

Kather  more  than  30  grams  of  the  oil  distilled  between  230°  and 
245°  (750  mm.),  and  this,  on  standing  for  some  months  in  an  ice  chest, 
deposited  a  few  crystals  of  isolauronolic  acid.  The  oil  was  decanted 
from  these  crystals  and  again  distilled,  when  nearly  the  whole  passed 
over  at  230 — 235°  as  a  colourless  oil,  which  on  analysis  gave  the 
following  results. 
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0-1436  gave  0-3548  COg  and  0-1236  H„0.     0  =  6745;  H  =  9-63. 

0-1584     „     0-3905  CO,    „    0-1391  H.p.     C- 67-23 ;  H  =  9-75. 

CyHia'COOH  requires  C  =  67-60';  H  =  9-86  per  cent. 

The  silver  salt  of  this  acid  was  prepared  by  precipitating  a  slightly 
alkaline  solution  of  the  ammonium  salt  with  silver  nitrate ;  and  the 
white,  caseous  precipitate  was  analysed,  with  the  following  results. 

0-1943  gave  0-2693  CO^,  0-0860  HA  and  0-0855  Ag. 

0  =  37-80;  H  =  4-9l";  Ag  =  44-00. 
CyHig- COOAg  requires  C  =  38-55  ;  H  =  5-22  ;  Ag  =  43-38  per  cent. 

From  these  results,  it  seems  probable  that  this  oil,  boiling  at 
230 — 235°,  is  an  acid  of  the  composition  Cyilj^'CUOH,  but,  as  its 
examination  did  not  give  any  results  which  seemed  likely  to  be  of 
value  in  the  present  inquiry,  its  systematic  investigation  was  not 
undertaken. 

Properties  and  Salts  of  Isolauronolic  Acid. — Isolauronolic  acid  melts 
at  133 — 135°,  and  distils  without  decomposition  at  about  250° 
under  the  ordinary  pressvire ;  it  is  readily  volatile  in  steam. 
It  dissolves  readily  in  alcohol,  ether,  chloroform,  benzene,  carbon 
bisulphide  or  ethylic  acetate,  but  is  only  very  sparingly  soluble 
in  water.  The  solution  of  the  acid  in  sodium  carbonate  is  oxi- 
dised by  potassium  permanganate  instantly  at  the  ordinary  tem- 
perature, but  bromine  is  not  decolorised  by  the  solution  of  the  acid 
in  chloroform  except  on  warming  or  long  standing,  and  then  with 
evolution  of  hydrogen  bromide.  Isolauronolic  acid  is  not  readily 
attacked  by  hydrogen  bromide,  since  it  does  not  form  an  additive 
compound  when  its  solution  in  glacial  acetic  acid  is  saturated  with 
hydrogen  bromide  and  allowed  to  stand  overnight ;  this  is  shown  to 
be  the  case  by  adding  water  to  the  solution,  when  the  acid  is  repreci- 
pitated  unchanged. 

Noyes  {Ber.,  1895,  28,  552)  succeeded  in  obtaining  a  dibromide  of 
isolauronolic  acid,  CgHjgBrg'COOH,  melting  at  138 — 140°,  by  treating 
the  solution  of  the  acid  in  dry  chloroform  with  bromine,  in  the  dark, 
at  temperatures  below  0°,  and  he  has  also  prepared  a  crystalline  hydro- 
bromide,  CgHi^Br-COOH  (m.  p.  127—130°),  which  he  obtained  by 
shaking  the  acid  with  fuming  aqueous  hydrobromic  acid  and  light 
petroleum.*  Isolauronolic  acid  is  not  reduced  when  treated  with  a  large 
excess  of  sodium  amalgam,  but  it  yields  a  dihydro-derivalive, 
CsHi5'C00H,  when  its  solution  in  amylic  alcohol  is  heated  with 
sodium  (see  p.  836). 

Isolauronolic  acid  does  not  form  a  lactone  when  boiled  with  dilute 
acids.     This   point  has  been  very  carefully  investigated  by  heating 

*  Private  communication. 
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the  acid  with  sulphuric  acid  of  varying  concentration  and  under 
various  conditions,  but  in  no  case  could  a  lactone  be  isolated. 

The  dissociation  constant  of  isolauronolic  acid  has  been  determined 
by  Walker  (Trans.,  1893,  63,  505)  who  found  the  very  low  value 
^•  =  0-0018. 

Isolauronolic  acid  dissolves  in  dilute  ammonia  and  in  sodium 
hydrogen  carbonate,  but  it  is  a  very  feeble  acid,  since  its  ammonium 
salt  readily  dissociates  into  ammonia  and  the  free  acid  on  evaporating 
its  solution  on  the  water  bath.  Koenigs  and  Hoerlin  {Ber.,  1893,  26, 
814)  state  that  the  solution  of  the  calcium  salt  of  the  acid  is  decom- 
posed by  carbon  dioxide  into  calcium  carbonate  and  the  free  acid,  a 
decomposition  seldom  met  with  in  organic  calcium  salts. 

Silver  isolauronolate,  CgHjg*  COOAg,  was  obtained,  on  adding  silver 
nitrate  to  a  neutral  solution  of  the  ammonium  salt,  as  a  white,  caseous, 
and  very  voluminous  precipitate  which  on  analysis  gave  the  following 
results. 

I.  0-1967  gave  0-2976  CO^,  0-0884  H2O,  and  0-0815  Ag. 

C  =  41-26;  H  =  4-99;  Ag  =  41-43. 
ir.  0-1625  gave  0-0672  Ag.     Ag-41-35. 

CgHi3- COOAg  requires  C  =  41 -38;  H  =  4-98;  Ag-41-38. 

A  neutral  dilute  solution  of  the  ammonium  salt  of  isolauronolic 
acid  gives,  with  copper  sulphate,  a  light  blue,  apparently  crystalline,  and 
very  insoluble  precipitate,  and  with  lead  acetate  or  zinc  sulphate,  a 
white,  amorphous,  caseous  precipitate,  but  no  precipitation  with 
harium  or  calcium  chlorides. 

Koenigs  and  Hoerlin  {loc.  cit.)  have  prepared  and  analysed  a  calcium 
salt  of  isolauronolic  acid,  (CgHj30„)o)Ca  + H^O  (?),*  and  the  jiotassium 
salt,  CjHjgKOg  +  HoO  ;  both  of  these  salts  are  crystalline  and  soluble 
in  water;  according  to  Noyes  {Ber.,  1895,  28,  550),  the  calcium  salt 
of  isolauronolic  acid  crystallises  with  3^H.,0. 

Walker  (this  Journal,  1893,  63,  506)  has  described  the  harium  salt 
of  isolauronolic  acid  as  a  soluble,  crystalline  substance,  which  appears 
to  have  the  formula  (C;,Hj30.,)oBa  +  5HoO. 

Ethereal  Salts  of  Isolauronolic  Acid. — The  methylic  and  ethylic  salts 
of  isolauronolic  acid  were  pi'opared  by  dissolving  the  acid  in  the  corre- 
sponding alcohol,  adding  concentrated  sulphuric  acid,  allowing  the 
mixture  to  stand  for  12  hours,  and  then  heating  for  2  hours  at  60 — 80°, 
ethorification  taking  place  very  readily  under  these  conditions.  After 
adding  water,  the  oily  ethei'eal  salts  were  extracted  three  times  with 
ether,  the  ethereal  solutions  were  well  washed  with  water  and  dilute 

*  Tlie  formula,  C'iiHirjCaOn  +  lLO,  given  for  this  salt  iu  Koeuigs  and  Hourlin's 
paper  is  obviously  a  slip. 
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sodium  carbonate,  dried  over  anhydrous  potassium  carbonate,  and  after 
distilling  off  the  ether,  the  re>sidue  was  purified  by  fractionation  under 
the  ordinary  pressure.  The  determination  of  the  densities,  magnetic 
rotation,  refraction,  &c.,  of  tliese  ethereal  salts  was  carried  out  by 
W.  H.  Perkin,  sen. 

Methylic  isolauronolate,  CgHj.j*  COOCH3,  a  colourless  liquid  possess- 
ing a  rather  characteristic  odour,  boils  at  204 — 204-5°  without  de- 
composition. 

0-1114  gave  0-291  COo  and  0-0962  H,,0.     0  =  71-24;  H  =  9-60. 
CgHig-COOCHg  requires  C  =  71-43  ;  H=  9-52  per  cent. 

The  density  determinations  gave 

(^  474°  =  0-9835.  cZ  15715°  =  0-9747. 

(H 0710°  =  0-9784.  cZ  25725°  =  0-9681. 

Prepared  in  the  way  described  above,  this  methylic  salt  has  a  slight 
permanent  rotation,  which  was  found  to  be  +  7'  48"  for  a  length  of 
10-2  cm.  at  30°. 

t.  Sp.  rotation.  Mol.  rotation. 

Magnetic  rotation 30°  1-1696  11-312 

Refraction   «  =  17-S°  ^17-374°  =  0-97207. 


M- 

d. 

a 

A 

..  1-46278 

0-47607 

79-981 

Li  .... 

..  1-46575 

0-47913 

80-494 

Ha  .... 

..  1-46634 

0-47974 

80-596 

Na  .... 

..  1-46970 

0-48319 

81-176 

H/3.... 

..  1-47795 

0-49168 

82-603 

Hy  .... 

..  1-48517 

0-49911 

83-851 

Ethylic  isolauronolate,  Q^YL^.^'GOOQ.^^.     B.  p.  216°. 

0-1170  gave  0-3112  COo  and  0-1049  H.O.     C  =  72-60;  H  =  9-96. 
CgHjg-COOCaH-  requires  C  =  72-53  ;  H  =  9-89  per  cent. 

The  density  determinations  gave 

(Z4°/4°  =  0-9645.         cH  0710°  =  0-9596.         (n5715°  =  0-9560. 
d  20720°  =  0-9527.  d  25°/25°  =  0-9494. 

This  ethereal  salt  had  a  slight  permanent  rotation  which  was  found 
to  be  +10'  12"  for  a  length  of  10-2  cm.  at  29°. 

t.  Sp.  rotation.  Mol.  rotation. 

Magnetic  rotation 28-5°  1-1623  12-405 

Refraction  «  =  17-2°         c£  17 -2°/4°  =  0-95339. 
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«  — 1                                 M  —  1 
p. 

;"•                               cl.  d  ^ 

A  1-45950  0-48197  87-718 

Li 1-46238  0-48498  88-267 

Ha     ...   1-46307  0-48571  88-400 

Nil 1-46624  0-48903  89-004 

H/S    ...   1-47429  0-49748  90-541 

Hy    ...   1-48127  0-50478  91-870 

The  results  obtained  in  the  examination  of  the  magnetic  rotation  of 
methyl ic  and  [ethylic  isolauronolates  are  interesting.  The  difference 
in  the  vahies  of  the  two  ethereal  salts  is  1-093  and  is  normal,  that  is 
to  say,  it  is  the  same  as  between  the  ethylic  and  methylic  salts  in  the 
fatty  series ;  thus,  for  example,  the  difference  between  the  ethylic  and 
methylic  salts  of  butyric  acid  is  1  090. 

Again,  the  values  obtained  afford  important  evidence  that  isolaur- 
onolic  acid  is  an  unsaturated  acid,  as  the  following  comparison  of 
ethylic  isolauronolate  with  ethylic  nonate  shows.  The  magnetic 
rotation  of  ethylic  nonate,  CgHj^*  COOC.,!!.,  is  11-590,  and  assuming 
that  ethylic  isolauronolate  is  unsaturated,  and  at  the  same  time  a 
closed  chain  compound,  its  magnetic  rotation  may  be  approximately 
calculated. 

From  the  examination  of  a  large  number  of  closed  chain  compounds, 
it  has  been  found  that  these  differ  from  the  corresponding  open 
chain  saturated  compounds  by  about  -  0-47,  and  also  that  unsaturated 
compounds  have  a  higher  rotation  than  the  corresponding  satux'ated 
compounds  by  about  1*112. 

We  have,  therefore. 

Magnetic  rotation  of  ethylic  nonate  =  11-590 
Add  value  for  unsatux'ation  ^^    1*112 


12*702 
Deduct  value  for  rinfj  formation  =    0*471 


Calculated  magnetic  rotation  of  ethylic  isolauronolate  =  12*231 
The  value  thus  calculated  agrees  well  with  that  actually  found, 
namely,  12*405. 

The  refractions  of  the  methylic  and  ethylic  salts  of  isolauronolic  acid 
are  very  high,  showing  their  unsaturated  nature,  as  is  evident  from  the 
following  comparison  between  the  values  found  and  those  calculated. 

Found. 

Methylic  salt 80*596 

Ethylic  salt  88*400 

Methylic   dihromisolauronolate,   CgH^gBr^'COOCH.j. — The   action   of 


Calculated. 

Difference. 

77*0 

+  3*504 

84*6 

+  3-800 
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bromine  on  methylic  isolauronolate  was  investigated  in  order  to  obtain 
further  evidence  as  to  the  unsaturation  of  the  acid.  Methylic  isolaur- 
onolate (3  grams)  was  dissolved  in  cax-ef ully  dried  chloroform  (3  grams), 
and  after  cooling  the  solution  to  0'-',  dry  bromine  (3  grams)  dissolved 
in  chloroform  (10  grams)  was  slowly  added,  the  apparatus  being 
covered  up  so  as  to  exclude  light  daring  the  operation.  The  bromine 
was  rapidly,  but  not  instantaneously,  absorbed,  and  as  soon  as  the 
whole  had  been  decolorised,  the  product,  which,  owing  to  the  presence 
of  traces  of  hydrogen  bromide,  fumed  slightly,  was  freed  from  chloro- 
form by  passing  a  current  of  dry  air  through  it  for  some  hours.  The 
thick  oil  thus  obtained,  after  standing  for  some  time  over  solid 
paraffin  wax  in  a  vacuum  desiccator,  gave  the  following  results  on 
analysis. 

0-2171  gave  0-2994  CO2  and  0-0931  H,0.     C  =  37-G1 ;  H  =  4-76. 
0-1899     „     0-2536  CO2    „    0-0772  HA     G  =  36-40 ;  H  =  4-50. 
0-3329     „     0-3696  AgBr;  Br  =  47-24. 
0-4172     „     0-4650  AgBr;  Br  =  47-42. 

CsH^gBr,/  COOCH,,  requires  C  =  36-6  ;  H  =  4-87  ;  Br  =  48-77. 

These  results  show  that  very  little  hydrogen  bromide  is  eliminated 
when  methylic  isolauronolate  is  treated  with  the  calculated  quantity 
of  bromine  at  0°  in  the  dark,  since  the  product  contains  almost  the 
quantity  of  bromine  theoretically  required  for  the  dibrom-additive 
compound. 

Conversion  of  Isolauronolic  Acid  into  Su^yhocamphylic  Acid. 

When  isolauronolic  acid,  in  quantities  of  0-5  gram,  is  added  to  10 
times  its  weight  of  concenti^ated  sulphuric  acid,  it  dissolves  with 
development  of  some  heat,  and  formation  of  a  yellow  solution  from 
which  water  precipitates  the  acid  unchanged.  If,  however,  the  solu- 
tion is  gradually  heated  to  75°,  it  darkens  and  becomes  brownish-black, 
a  small  amount  of  sulphur  dioxide  is  liberated,  and  after  heating  some 
time  no  isolaui'onolic  acid  is  deposited  on  adding  water.  After  about 
20  minutes  heating  at  75°,  and  as  soon  as  a  drop  of  the  solution  gave 
no  precipitate  on  diluting  with  water,  the  well-cooled  product  was 
gradually  mixed  with  an  equal  bulk  of  water,  and  the  greenish  solu- 
tion left  for  some  hours,  when  crystals  separated ;  these  were  col- 
lected with  the  aid  of  the  pump,  dissolved  in  a  little  water,  the 
solution  warmed  with  animal  charcoal,  filtered,  and  evaporated  nearly 
to  dryness  on  the  water  bath.  On  standing  in  the  ice  chest,  beautiful 
crystals  of  sulphocamphylic  acid  gradually  formed  ;  after  draining  these 
on  a  porous  plate  and  subsequently  drying  at  130°,  they  gave  the 
following  results  on  analysis. 
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0-5547  gave  0-5451  BaSO^.     S  =  13-43. 

CsHi2(803H)-COOH  requires  S  =  13-68  per  cent. 

The  careful  examination  of  the  properties  of  these  crystals  proved 
conclusively  that  they  consisted  of  sulphocamphylic  acid,  and  this  acid, 
which  is  produced  almost  quantitatively  in  this  way,  is  evidently 
formed  from  isolauronolic  acid  by  the  addition  of  sulphuric  acid  and 
elimination  of  water  thus. 

CgHig-  COOH  +  HgSO^  =  C8H,2(S03H)-COOH  +  HoO. 


CH,— CH-COOH 

Dihydroisolauronolic  Acid,     (0113)20 

CHg-CH — OH2 

In  the  first  experiments  on  the  reduction  of  isolauronolic  acid,  it 
was  treated  with  sodium  amalgam  under  varied  conditions,  but  no  re- 
duction took  place  even  when  its  solution  in  sodium  carbonate  was 
boiled  with  a  large  excess  of  the  amalgam ;  ultimately,  it  was  found 
that  the  acid  could  be  reduced,  although  with  difficulty,  when  its 
solution  in  amylic  alcohol  was  treated  with  sodium  at  the  boiling 
temperature. 

Pure  isolauronolic  acid  (35  grams)  was  dissolved  in  isoamylic  alcohol 
(1^7  litres),  the  solution  heated  to  boiling  on  a  sand  bath  in  a  flask 
connected  with  a  long  reflux  condenser,  and  then  10  grams  of 
sodium,  in  small  pieces,  was  added  all  at  once ;  as  soon  as  the 
violent  action  had  moderated  somewhat,  20  grams  more  sodium  was 
added,  and  the  whole  boiled  vigorously  until  the  sodium  had  dissolved. 
After  allowing  the  mixture  to  cool,  water  was  added,  the  product 
acidified  with  hydrochloric  acid,  the  oily  layer  separated,  and  the 
aqueous  liquid  extracted  twice  with  small  quantities  of  isoamylic  alcohol. 
The  extract  was  then  added  to  the  main  bulk,  the  whole  distilled 
until  the  thermometer  rose  to  125^^,  when  it  was  treated  again  with 
30  grams  of  sodium  exactly  as  in  the  first  instance.  After  this  pro- 
cess had  been  repeated  three  times,  the  product  was  extracted  with 
water  three  times,  the  isoamylic  alcohol  distilled  down  to  a  small  bulk, 
the  remainder  removed  by  distillation  with  steam,  and  the  aqueous 
solution  thus  obtained  added  to  the  previous  extracts.  The  whole  was 
then  heated  on  the  water  bath  until  quite  free  from  isoamylic  alcohol, 
acidified,  and  repeatedly  extracted  with  ether ;  after  drying  over 
calcium  chloride  and  evaporating  oil  the  ether,  35  grams  of  an  almost 
colourless  oil  was  obtained  which,  on  standing  for  some  days  in  an  ice 
chest,  deposited  about  5  grams  of  unchanged  isolauronolic  acid.  These 
crystals  were  removed  by  filtration,  and  the  filtrate  distilled  ;  almost 
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the  whole  passed  over  at  165°  (at  30  nun.)  as  a  colourless  oil  which 
gave  the  following  results  on  analysis. 

0-1292  gave  0-3284  CO,  and  0-1163  HgO.     C  =  69-27;  11=10-00. 
CsHi5-C00H  requires  C  =  69-23  •  H  =  10-25  per  cent. 

Although  this  analysis  agrees  well  with  the  numbers  required  by 
dihydroisolauronolic  acid,  it  was  found  that  when  a  drop  of  the  sub- 
stance dissolved  in  dilute  sodium  carbonate  was  mixed  with  a  trace  of 
permanganate,  the  colour  was  instantly  discharged,  showing  that  it 
still  contained  some  unchanged  isolauronolic  acid,  and  since,  for  sub- 
sequent experiments,  it  was  necessary  that  this  should  be  removed, 
the  following  process  of  purification  was  resorted  to. 

The  acid  was  dissolved  in  dilute  sodium  carbonate  and  oxidised  by 
dilute  permanganate  in  a  vessel  fitted  with  a  turbine,  the  temperature 
being  kept  at  0°  by  means  of  powdered  ice,  and  a  rapid  current  of 
carbonic  anhydride  being  passed  during  the  whole  operation.  As  soon 
as  the  pink  colour  remained  permanent  for  several  minutes,  the  excess 
of  permanganate  was  destroyed  by  sodium  hydrogen  sulphite,  the  whole 
heated  to  boiling,  filtered,  and  the  filtrate  and  washings  from  the 
manganese  precipitate  evaporated  to  dryness.  The  residue  was  acidi- 
fied, distilled  in  a  current  of  steam,*  the  oily  acid  extracted  from  the 
distillate  in  the  usual  way,  and  purified  by  distillation  under  reduced 
pressure,  when  nearly  the  whole  passed  over  at  144°  (22  mm.). 

0-1272  gave  0-3221  00,  and  0-1168  H^O.     C  =  69-04;  H  =  10-22. 
CgH^g-COOH  requires  C  =  69-23  J  H=  10-25  per  cent. 

Dihydroisolauronolic  acid  is  a  colourless,  moderately  mobile  oil 
which  smells  like  a  high  boiling  fatty  acid.  It  dissolves  readily  in 
sodium  cai-bonate,  and  the  solution  of  the  sodium  salt  does  not  de- 
colorise permanganate  in  the  cold.  The  acid  is,  in  fact,  characterised 
by  extraordinary  stability,  as  even  when  boiled  with  permanganate  it 
is  only  very  slowly  attacked,  and  all  attempts  to  oxidise  it  with  nitric 
acid  were  unsuccessful,  since,  after  boiling  it  for  a  week  with  50  per 
cent,  nitric  acid,  more  than  75  per  cent,  of  the  acid  was  recovered 
unchanged. 

Salts  of  Dihydroisolauronolic  Acid. — The  silver  salt,  CgHj^-COOAg, 
obtained  as  a  white,  gelatinous  precipitate  by  adding  silver  nitrate  to 
a  slightly  alkaline  solution  of  the  ammonium  salt,  was  washed  well 
with  water  and  once  with  methylic  alcohol. 

0-2338  gave  0-0950  Ag.    Ag  =  40-64. 

CgH^gCOOAg  requires  Ag  =  41-06  per  cent. 

•  *  A  considerable  quantity  of  isolauronic  acid  separated  from  the  residue  iu  the 
distilling  flask  on  standing. 
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This  salt  is  very  sparingly  soluble  in  water,  but  it  dissolves  mode- 
rately readily  in  alcohol. 

The  ammonium  salt,  which  separates  in  colourless  crystals  when  the 
acid  is  mixed  with  moderately  concentrated  ammonia,  is  readily  soluble 
in  water,  and  dissociates  when  its  solution  is  evaporated  on  the  water 
bath.  A  slightly  alkaline  solution  of  the  ammonium  salt  shows  the 
following  behaviour  with  reagents. 

Barium  chloride,  no  precipitate  in  the  cold,  but  on  boiling  a  crystal- 
line barium  salt  separates,  the  crystals  dissolving  again  on  cooling. 

Calciujn  chloride  gives  no  precipitate  with  dilute  solutions,  but  with 
moderately  concentrated  solutions  a  white  calcium  salt  separates  as  an 
amorphous  mass  which  becomes  crystalline  on  warming. 

Copper  acetate  gives  at  once  a  very  pale  blue,  amorphous  preci- 
pitate. 

Bromination  of  DihydroisolauronoliG  Acid,  and  its  Reconversion  into 
Isolauronolic  Acid. 

This  experiment,  which  has  such  an  important  bearing  on  the  con- 
stitution of  isolauronolic  acid  (p.  810),  was  conducted  as  follows. 

Dihydroisolauronolic  acid  (3  grams)  was  mixed  in  a  reflux  appara- 
tus with  phosphorus  pentabromide  (8  grams),  and  after  the  reaction, 
which  commenced  at  once,  had  ceased,  the  mixture  was  heated  for 
10  minutes  on  the  water  bath.  Bromine  (3  grams)  was  then  added  to 
the  well  cooled  product,  and  the  whole  very  gently  heated  until  the 
evolution  of  hydrogen  bromide  had  practically  ceased,  and  the  colour 
of  the  bromine  had  disappeared. 

The  mixture  of  bromacid  bromide  and  phosphorus  oxybromide  thus 
obtained  was  poured  in  a  thin  stream  into  excess  of  methylic  alcohol ; 
water  was  added,  and  the  methylic  salt,  extracted  with  ether  in  the 
usual  way,  was  washed  with  dilute  sodium  carbonate,  dried,  and 
fractionated  under  reduced  pressure.  Almost  the  whole  of  it  (6  grams) 
distilled  at  123 — 126°  (30  mm.)  as  a  coloui-less  oil,  and  witli  liberation 
of  traces  of  hydrogen  bromide,  which  accounts  for  the  analytical  results 
being  a  little  low. 

0-3134  gave  0-2230  AgBr.     Br  =  30-27. 
0-2904     „     0-2050  AgBr.     Br -30-03. 

CyllijBr-COOCHa  requires  Br- 32-12  per  cent. 

When  this  methylic  bromodihydroisolauronolate  *  is  mixed  with  warm 
alcoholic  potash,  a  vigorous  action  takes  place,  accompanied  by  sepa- 
ration of  potassium  bromide,  and  if,  after  boiling  for  some  minutes, 

*  The  free  acid,  called  by  Noyes  o-bromodihydro-cw-campliolytic  acid,  is  cryatal- 
linc  aud  melts  at  124-125"  (Jmmi.  Amer.  Chem.  Soc,  1896,  18,  689). 
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water  is  added  and  the  alcohol  removed  by  evaporation,  a  residue  is 
obtained  which,  on  acidifying,  gives  a  crystalline  i)recipitate';  this,  after 
being  freed  from  traces  of  oily  impurity  by  spreading  it  on  porous 
porcelain,  crystallises  beautifully  from  dilute  alcohol,  and  consists  of 
pure  isolauronolic  acid  (m.  p.  133°). 

0-1474  gave  0-1205  HgO  and  0-3793  COg.     0  =  70-18;  H  =  9-08. 
CgHig-COOH  requires  C  =  70-13 ;  H  =  9-09  per  cent. 

The  yield  of  isolauronolic  acid  obtained  in  this  way  appears  to  be 
almost  quantitative. 


CHg— C-COOH 

'      /I 
Isolauronic  Acid,  (0113)20    / 

CHg^C  — 00 

This  acid  was  fii'st  described  by  Koenigs  and  Meyer  {Ber.,  1894,  27, 
3467),  who  obtained  it  by  oxidising  isolauronolic  acid  with  potassium 
permanganate  at  0°. 

Almost  at  the  same  time,  and  quite  independently,  the  author  carried 
out  a  series  of  experiments  on  the  oxidation  of  isolauronolic  acid,  and 
after  preparing  a  quantity  of  isolauronic  acid,  carefully  investigated 
it,  with  the  result  that  many  fresh  facts  were  discovered  which 
throw  important  light  on  the  constitution  both  of  this  acid  and  of 
isolauronolic  acid. 

The  isolauronic  acid  used  in  these  experiments  was  prepared  as 
follows.  Pure  isolauronolic  acid  (5  grams)  was  dissolved  in  a  slight 
excess  of  warm  dilute  potash,  the  solution  transferred  to  a  large 
porcelain  beaker  fitted  with  a  turbine,  and  a  rapid  stream  of  carbon 
dioxide  passed  through  the  liquid.  After  adding  powdered  ice,  and 
cooling  the  beaker  externally  by  a  freezing  mixture,  so  that  the  tem- 
perature of  the  solution  never  exceeded  -  3°,  a  well  cooled  saturated 
solution  of  potassium  permanganate  was  slowly  run  in  until  the  colour, 
which  at  first  instantly  disappeared,  just  remained  permanent,  the  whole 
being  stirred  continuously,  and  a  rapid  current  of  carbon  dioxide  passed 
during  the  operation.* 

After  the  excess  of  permanganate  had  been  destroyed  by  adding  a 
little  sodium  hydrogen  sulphite,  the  product  was  heated  on  the  water 
bath,  filtered  from  the  manganese  precipitate,  and  the  filtrate,  together 
with  the  washings  of  the  precipitate,  evaporated  to  a  small  bulk. 
On  acidifying  the  deep  yellow  solution  thus  obtained,  it  deposited  a 
mass  of  yellow  crystals  of  isolauronic  acid,t  which  were  collected  with 

*  If  these  precautioiLS  are  not  taken,  tlie  yield  of  isolauronic  acid  is  very  much 
reduced. 

t  The  mother  liquors  from  these  crystals  contain  considerable  quantities  of 
7-dimethylacetylbutyric  acid  (see  p.  844). 
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the  aid  of  the  pump,  washed  with  water,  and  purified  by  recrystallisa- 
tion  from  this  solvent. 

0-1730  gave  0-4069  COg  and  0-1141  H^O.     C  =  64-16;  H  =  7-32. 

0-1557     „     0-3667  CO2    „    0-1029  H^O.     C  =  64-22  ;  H  =  7-34. 
CgH^aOg  requires  C  =  64-22  ;  H  =  7-14  per  cent. 

Isolauronic  acid  crystallises  from  water  in  long,  glistening,  straw- 
yellow  prisms  and  melts  at  133°.  It  is  readily  soluble  in  hot  water, 
ether,  and  alcohol,  but  only  sparingly  in  light  petroleum  and  cold 
water ;  it  dissolves  readily  in  sodium  carbonate,  and  although  the 
solution  does  not  decolorise  permanganate  below  0°,  it  does  so  readily 
at  the  ordinary  temperature.  Isolauronic  acid  does  not  appear  to 
form  an  additive  compound  with  hydrogen  bromide,  since  the  solution 
of  the  acid  in  acetic  acid  saturated  with  hydrogen  bromide,  even  on 
long  standing,  gives  a  precipitate  of  the  unchanged  acid  on  the 
addition  of  water.  A  solution  of  bromine  in  caustic  potash  oxidises 
the  acid  particularly  easily  on  warming,  with  separation  of  bromo- 
form  and  formation  of  an  oily  acid,  which  is  at  present  under 
investigation. 

Bromine  vapour  converts  isolauronic  acid  into  a  red  liquid,  which 
gradually  solidifies  on  standing  over  potash  in  a  vacuum  ;  the  crystals, 
however,  are  very  deliquescent,  and  as  the  substance  could  not 
be  purified  by  recrystallisation  from  solvents,  it  was  not  further 
investigated. 

When  heated  with  concentrated  aqueous  hydrochloric  acid  at  170° 
for  3  hours,  isolauronic  acid  is  completely  changed,  with  separation  of 
a  certain  amount  of  carbonaceous  matter.  In  order  to  find  out  what 
had  been  formed  during  this  decomposition,  the  product  was  extracted 
with  ether,  the  ethereal  extract  evaporated,  the  solid  residue  dissolved 
in  sodium  carbonate,  and  the  solution,  after  boiling  with  animal 
charcoal  and  filtering,  evaporated  to  a  small  bulk  and  acidified  with 
hydrochloric  acid.  The  almost  colourless,  sparingly  soluble,  sandy 
precipitate,  which  melted  at  165",  after  crystallisation  from  acetic 

COOH 


^ 


acid,  was,  on  investigation,  found  to  be  paraxylic  acid,   |        Ipxr 


3 

CB3 
acid  which   Koenigs  and  Meyer  {Ber.,  1894,  27,  3468)  had  already 
obtained  from  isolauronic  acid  by  treatment  with  sulphuric  acid. 

Salts  of  Isolauronic  Acid. — The  silver  salt,  C,,Hj^AgO.,,  is  obtained 
by  adding  silver  nitrate  to  a  warm  neutral  solution  of  the  ammonium 
salt,  as  a  colourless,  crystalline  precipitate,  which  dissolves  moderately 
readily  in  hot  water,  and  separates  again  on  cooling  as  a  beautiful, 
silky  mass  of  crystals. 
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0-1732  gave  0-2492  CO^,  00642  H,0  and  0-0684  Ag. 
C  =  39-24;  H  =  4-12;  Ag  =  39-48. 
CgH^^AgO^  requires  C  =  39-27  ;  H  =  4-00  ;  Ag  =  39-27  per  cent. 

A  dilute  neutral  solution  of  the  ammonium  salt  of  isolauronic  acid 
gives  no  precipitate  with  barium  or  calcium  chlorides  even  on  boiling  ; 
the  addition  of  cojrper  sulphate  produces  no  precipitate  in  the  cold, 
but  on  boiling  a  very  pale  blue,  apparently  crystalline,  salt  separates  ; 
lead  acetate  gives  at  once  a  white,  caseous  precipitate  which  is  soluble 
in  hot  water. 

Oxivie  of  Isolauronic  Acid,  C7H]^^(CIN0H)*000H. — The  action  of 
hydroxylamine  on  isolauronic  acid  has  been  studied  by  Carl  Meyer 
{Dissertation  Munich,  1895,  p.  39),  who  obtained  in  this  way  theoxime 
which  he  desci'ibes  as  a  pale  yellow  powder  which  softens  at  215°  and 
decomposes  at  228 — 230°.  In  preparing  this  substance  in  considei'- 
able  quantities  for  experiments  in  connection  with  this  research,  the 
following  method  was  always  used.  The  pure  acid  (5  grams)  was 
dissolved  in  moderately  strong  potash  (15  grams),  a  solution  of 
hydroxylamine  hydrochloride  (7  grams)  added,  and  the  whole  after 
standing  overnight  was  acidified,  when  the  oxime  was  precipitated  as 
a  voluminous,  amorphous  precipitate  somewhat  resembling  a  pre- 
cipitate of  alumina.  The  whole  was  extracted  20  times  with  ether, 
and  the  ethereal  solution,  after  being  rapidly  dried  over  calcium 
chloride,  was  evaporated  until  crystalline  crusts  of  the  oxime  com- 
menced to  separate.  After  standing  for  some  time,  these  were 
collected,  washed  with  ether,  and  analysed. 

0-1240  gave  8  c.c.  of  nitrogen  at  18°  and  762  mm.     N  =  7-47. 
CglljgNOg  requlres  N  =  7-65  per  cent. 

When  heated  in  a  capillary  tube,  the  oxime  of  isolauronic  acid  turns 
brown  at  210°,  and  melts  with  vigorous  decomposition  at  222°. 

Semicarhazone  of  Isolauronic  Acid,  C-Hii(C:NjH-  C0-NH2)-C00H.— 
This  very  characteristic  derivative  is  readily  prepared  by  warming 
isolauronic  acid  with  a  slight  excess  of  semicarbazide  hydrochloride 
and  sodium  acetate  on  the  water  bath  for  a  few  minutes.  The  very 
sparingly  soluble  precipitate  which  separates  rapidly  on  cooling  waa 
collected,  washed  with  water,  recrystallised  from  alcohol,  and  analysed, 
with  the  following  result.* 

0-1444  gave  23*9  c.c.  nitrogen  at  20°  and  740  mm.     N  =  18-42. 

0-2178     „     36-1  C.C.  „  18°    „    745  mm.     N- 18-70. 

C10H15N3O3  requires  N  =  18-66  per  cent. 

*  Carl  Meyer  {Dissertation  Munich,  1895,  p.  39),  who  has  also  prepared  this 
semicarbazone,  states  that  he  always  found  1  per  cent,  too  much  nitrogen  in  his 
analyses. 
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The  semicarhazone  of  isolauronic  acid  melts  at  about  247 — 248°  with 
decomposition. 

Oxidation  of  Isolauronic  Acid.  Formation  of  y-Dimethylacetylhutyric 
Acid,  CH3-CO-C(CH3)2-CH2-CH2-COOH,  and  a-Dimethylsuccinic 
Acid,  COOH-  C(CH3)2-  CH2-  COOH. 

I.  a-Dimethylsuccinic  Acid. — In  the  first  experiments  on  the  oxida- 
tion of  isolauronic  acid,  3  grams  of  the  pure  acid  were  dissolved  in 
hot  water,  the  solution  heated  to  boiling  in  a  reflux  apparatus  and 
then  potassium  dichromate  and  sulphuric  acid  run  in  through  a  tap 
funnel  until  very  little  further  oxidation  appeared  to  take  place.  The 
green  solution,  after  saturating  with  ammonium  sulphate,  was  ex- 
tracted 10  times  with  ether,  and  the  ethereal  solution  dried  over  calcium 
chloride  and  evaporated,  when  nearly  2  grams  of  a  thick  oil  were 
obtained,  which  deposited  crystals  on  standing ;  these  were  collected, 
drained  on  a  porous  plate,  recrystallised  from  concentrated  hydro- 
chloric acid,  and  analysed,  with  the  following  result. 

0-1.520  gave  0-274  CO,  and  0-0958  Hp.     C  =  49-15  ;  H  =  7-0. 
C^HjoO^  requires  C  =  49-31 ;   H  =  6-85  per  cent. 

This  substance  melted  at  138 — 140°,  and  it  seemed  probable  that 
it  was  identical  with  the  a-dimethylsuccinic  acid, 

COOH-qCH,)  -CH./COOH, 
which  Leuckart  [Ber.,  1885,  18,  2250)  and  Bischoff  and  Jaunsnicker 
{Ber.,  1890,  23,  3400)  had  obtained  by  the  hydrolysis  of  the  product 
of  the  action  of  ethylic  a-bromoisobutyrate  on  the  sodium  compound 
of  ethylic  malonate.  In  order  to  decide  this  point,  the  acid  obtained 
from  isolauronic  acid  was  carefully  compared  with  a  sample  of  the 
synthetical  acid  which  Professor  Bischoff  kindly  sent  the  author,  and 
in  this  way  the  identity  of  the  two  acids  was  clearly  proved. 

As  it  is  a  matter  of  importance,  particularly  for  those  working  in 
the  camphor  group,  to  be  able  quickly  to  identify  small  quantities  of 
a-dimethylsuccinic  acid,  a  short  account  of  the  more  characteristic 
properties  of  this  acid,  together  with  a  description  of  some  new 
derivatives  which  were  prepared  during  the  above  experiments,  is 
given  here. 

a-Dimethylsuccinic  acid  is  best  purified  by  dissolving  it  in  a  little 
water,  and  saturating  the  well  cooled  solution  with  hydrogen  chloride ; 
on  cooling,  the  acid  rapidly  separates  in  small  crystals,  which,  after 
collecting  on  an  asbestos  filter,  washing  with  hydrochloric  acid,  and 
draining  on  a  porous  plate,  melt  at  138 — 140°. 

A  characteristic  of  dimethylsuccinic  acid,  which  is  often  very 
valuable  in  separating  the  acid  from  a  mixture  with  other  acids,  is 
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the  property  that,  when  its  a(|ueous  solution  is  made  strongly  alkaline 
with  ammonia  and  then  mixed  with  excess  of  calcium  chloride  solu- 
tion, no  precipitate  is  formed  in  the  cold,  but  on  boiling  a  very 
sparingly  soluble  calcium  salt  separates,  which,  after  collecting,  wash- 
ing with  water,  decomposing  with  hydrochloric  acid  and  extracting 
with  ether,  yields  at  once  the  pure  acid.* 

a-Dimethylsuccinanilic  acid  is  readily  prepared  by  heating  the  acid 
with  excess  of  acetyl  chloride  for  a  few  minutes,  and  after  evaporating 
the  excess  of  the  chloride,  dissolving  the  residue  in  benzene  and  adding 
aniline.  In  a  short  time,  the  anilic  acid  separates  in  crystals,  which, 
after  collecting  and  purifying  by  recrystallisation  from  dilute  methylic 
alcohol,  melt,  when  rapidly  heated,  at  about  187°  with  rapid  decom- 
position.    The  following  analyses  were  made. 

I.  (From  isolauronic  acid)  0"1796  gave  9  "8  c.c.  of  nitrogen  at  1G°  and 
755  mm.     N  =  6-32. 

II.  (From  synthetical  acid)  0"2695  gave  14'8  c.c.  of  nitrogen  at  15° 
and  752  mm.     N  =  6-36. 

CjgHisNOg  requires  N  =  6*33  per  cent. 

This  anilic  acid  is  readily  decomposed  by  heating  at  200 — 210'',  with 
elimination  of  water  and  formation  of  a-dimethylsuccinanil, 

CO-C(CH3)2-CH2-CO, 
\— N(C,H,)— / 

a  colourless,  crystalline  substance  which,  after  recrystallisation  from 
light  petroleum  (boiling  point,  80 — 100°),  melts  at  87°.  The  following 
analyses  were  made. 

I.  (From  isolauronic  acid)  0-1801  gave  10*6  c.c.  of  nitrogen  at  17° 
and  756  mm.     N  =  6-80. 

II.  (From  synthetical  acid)  0-2420  gave  14'9  c.c.  of  nitrogen  at  15° 

and  760  mm.     N  =  7-21. 

CjgHjgNOg  requires  N'  =  6-89  per  cent. 

*  This  property  lias  been  made  use  of  with  great  siiccess  in  preparing  a-dimctliyl- 
succinic  acid  from  the  product  of  the  action  of  ethylic  a-bromisobutyratc  on  the 
sodium  compound  of  ethylic  malonate.  When  the  product  of  this  reaction  is 
hydrolysed,  a  mixture  of  a-dimethylsuccinic  acid  and  a-methylglutaric  acid, 
COOH'CH(CH3)*CH2*CH2'COOH,  is  obtained,  and  these  two  acids  can  only  be 
separated  with  difficulty  by  crystallisation.  If,  however,  the  mixed  acids  are  dis- 
solved in  excess  of  ammonia,  calcium  chloride  added,  and  the  clear  solution  heated 
to  boiling,  the  whole  of  the  calcium  dimethylsuccinate  is  precipitated,  whereas  the 
calcium  salt  of  methylglutaric  acid  remains  in  solution. 


3  L  2 
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II.  y-Dimethylacetylhutyric  Acid,  CH3-CO-C(GH3)2'-CH2-  CHo'COOH. 

In  oxidising  isolauronic  acid  in  the  way  just  described,  it  was  ob- 
sei'ved  that  the  mother  liquors  from  which  the  crude  dimethylsuccinic 
acid  had  separated,  and  from  which  the  last  traces  of  this  acid  had 
been  removed  by  calcium  chloride,  contained  an  oily  acid  which  gave 
a  precipitate  of  bromoform  on  treatment  with  bromine  and  caustic 
potash.  In  order  to  find  out  what  this  acid  was,  the  oxidation  was 
repeated  under  various  conditions,  but  without  result  until  ultimately 
the  following  process  was  devised. 

Isolauronic  acid  (10  grams),  in  quantities  of  1  gram,  was  oxidised  on 
the  water  bath  by  means  of  potassium  dichromate  and  sulphuric  acid 
in  such  a  way  that,  on  cooling  the  solution,  a  small  quantity  of  un- 
changed isolauronic  acid  always  separated.*  The  product  from  the  10 
oxidations  was  left  in  an  ice  chest  overnight,  filtered  from  the  long 
crystals  of  isolauronic  acid  which  separated,  the  green  solution  evapo- 
rated at  50°  to  a  small  bulk,  and  extracted  10  times  with  pure  ether. 
On  evaporating  the  ether,  a  dark  brown  oil  was  obtained,  which, 
although  it  was  readily  soluble  in  water,  contained  besides  dimethyl- 
succinic acid  and  the  new  ketonic  acid,  also  appreciable  quantities  of 
isolauronic  acid.  The  whole  was  dissolved  in  a  slight  excess  of  am- 
monia, boiled  with  calcium  chloride  to  precipitate  the  calcium 
dimethylsuccinate,  filtered,  acidified,  and  again  repeatedly  extracted  with 
ether  ;  after  di'ying  over  calcium  chloride,  the  ether  was  distilled  off, 
and  a  light  yellow,  oily  residue  was  left,  which,  even  after  standing 
for  some  weeks,  did  not  show  any  signs  of  crystallising. 

The  crude  oil  was  dissolved  in  water,  mixed  with  a  large  excess  of 
semicarbazido  hydrochloride  and  the  corresponding  quantity  of  sodium 
acetate,  and  heated  on  a  water  bath  at  60°  for  about  15  minutes,  when 
a  brownish  semicarbazide  rapidly  separated,  and  on  standing  over- 
night a  further  quantity  of  a  much  paler  coloured,  crystalline  precipi- 
tate was  deposited.  The  whole  was  collected,  washed  with  water,  and 
boiled  with  a  large  quantity  of  water ;  about  half  the  semicarbazide 
dissolvedjt  and  on  filtering  while  hot  and  allowing  the  filtrate  to  stand 
for  some  days,  a  brown,  sandy  precipitate  gradually  crystallised  out. 
This  was  collected,  purified  by  recrystallisation  from  large  quantities 
of  alcohol,  and  the  colourless,  crystalline  precipitate  thus  obtained 
analysed,  with  the  following  results. 

*  The  isolauroiiic  acid  recovered  from  these  oxidations  crystallised  from  water  iu 
beautifully  glistening  needles  which  wei-e  nearly  colourless,  whereas  this  acid  pre- 
pared as  described  in  this  paper,  is  always  obtained  in  straw-yellow  crystals  ;  the 
yellow  colour  is  therefore  obviously  duo  to  iin2)urity. 

t  The  portion  which  remained  undissolved  was  found  on  examination  to  consist 
of  the  semicarbazide  of  isolauronic  acid. 
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0-1381  gave  0-2537  CO.,  and  0-0974  H.O.     C  =  50-07  ;  H  =  7-83. 
0-1314     „     22-4  c.c.  nitrogen  at  17°  and  758  mm.     N  =  19-72. 
CgHiyNgOg  requires  C  =  50-24 ;  H  =  7-9  ;  N  =  19-53  per  cent. 

The  subsequent  examination  showed  that  this  was  the  semicarbazide 
of  y-acetyldimethylbutyric  acid, 

CHg-  C(NoH-  CO  •NH2)-C(CH,5)2-  CH^-  CHg-  COOH. 

y-Acetyldimethylbutyric  acid  was  obtained  from  the  semicarbazide  by 
heating  it  on  the  water  bath  with  dilute  hydrochloi-ic  acid  (1  vol. 
HCI  to  2  vols.  HgO)  until  the  crystals  had  entirely  dissolved,  and 
then  extracting  the  liquid  repeatedly  with  pure  ether.  The  ethereal 
solution,  when  dried  over  calcium  chloride  and  evaporated,  deposited 
a  nearly  colourless  oil,  which  solidified  when  left  over  sulphuric  acid 
for  some  days ;  on  leaving  the  crystalline  mass  in  contact  with  porous 
plates,  the  traces  of  oily  impurity  were  completely  absorbed,  and 
colourless  ci-ystals  were  left,  which,  on  analysis,  gave  the  following 
results. 

0-1572  gave  0-3487  CO.,  and  0-1236  H,0.  C  =  60-49  ;  H  =  8-73. 
0-1415  „  0-3145  CO2  „  0-1126  H^O.  C  =  60-62 ;  H  =  8-83. 
CH3-CO-C(CH3)2-CH2-CH2-COOH  requires  C  =  60-76  ;  H  =  8-86. 

y-Acetyldimethylbutyric  acid  melts  at  about  50 — 51°,  and  is  so 
readily  soluble  in  organic  solvents  that  it  could  not  be  satisfactorily 
recrystallised.  This  acid  is  identical  with  dimethyl-3-hexanon-2  acid, 
which  Tiemann  [Ber.,  1895,  28,  2176)  prepared  by  the  oxidation  of 
/3-dihydroxydihydrocampholenic  acid  with  chromic  acid  mixture,  and 
the  melting  point  of  which  he  found  to  be  48 — 49°. 

Oxime  of  y-Acetyldimethylhutyric  Acid, 

CHg-  C(NOH)-C(CH3),'CH2-  CH,-  COOH. 
— In  order  to  prepare  this  dei'ivative,  the  acid  (3  grams)  was  dissolved 
in  dilute  potash  (4  grams),  a  strong  solution  of  hydroxylamine  hydro- 
chloride (3  grams)  added,  and  the  whole  allowed  to  stand  overnight ; 
on  acidifying,  a  viscid  mass  separated,  which,  on  shaking,  rapidly 
solidified  ;  this  was  collected,  dried  on  a  porous  plate,  purified  by 
recrystallisation  from  hot  water,  and  analysed. 

0-1556  gave  0-3196  CO,,  and  0-1242  H2O.     C  =  56-01 ;  H  =  8-87. 
0-2432     „     18  c.c.  of  nitrogen  at  20°  and  760  mm.     N  =  8-46. 
CgHigNOg  requires  C  =  55-49  ;  H  =  8-67;  N  =  8-09  per  cent. 

This  oxime  is  readily  soluble  in  hot  water,  sparingly  in  cold  water, 
and  crystallises  in  long,  colourless  needles  which  melt  at  97 — 98°. 
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Reduction  of  y-Aeetyldimethylbuti/ric  Acid.     Formation  of  the  Lactone 

T     r.-      1   !<,!    1  '    A  -A  CH,-CH-C(CHA/CH,-CH, 

of  y-Dimethyl-o-hydroxycapronic  Acid,        ^    i          ^      ^'-^  k     ' 

\j \j\j 

The  reduction  of  acetyldimethylbutyric  acid  was  investigated,^as  it 
was  thought  possible  that  the  hydroxy-acid  formed  might  be  of  value 
in  connection  with  some  synthetical  experiments  which  are  being 
carried  out  in  the  camphor  series. 

About  15  grams  of  the  acid  was  dissolved  in  dilute  sodium  carbonate, 
and  treated  at  the  ordinary  temperature  with  500  grams  of  3  per  cent, 
sodium  amalgam ;  after  standing  overnight,  200  grams  more  amalgam 
was  added,  and  the  whole  heated  on  the  water  bath  to  complete  the 
reduction.  The  alkaline  solution,  separated  from  the  mercury,  was 
acidified,  saturated  with  ammonium  sulphate,  and  extracted  10  times 
with  other  ;  the  ethereal  solution  was  then  dried  with  calcium  chloride, 
evaporated,  and  the  oily  residue  of  hydroxy-acid  submitted  to  frac- 
tional distillation.  During  this  distillation,  much  water  is  eliminated, 
the  thermometer  then  rises  to  235°,  almost  the  whole  passing  over 
between  235°  and  245°,  and,  on  again  distilling,  the  lactone  is  easily 
obtained  pure  as  a  colourless  oil  possessing  a  faintly  camphor-like 
odour,  and  boiling  at  239—241°. 

I.  0-1235  gave  0-3074  COg  and  0-1056  lip.    0-67-88;  H  =  9.50. 
II.  0-1358     „     0-3366  CO^    „    0-1189  H^O.    C  =  67-60 ;  H  =  9-72. 
CgHj^Oa  requires  C  =  67-60  ;  H  =  9-85  per  cent. 

The  lactone  of  diniethylhydroxycapronic  acid  is  isomeric  with,  and 
closely  related  to,  the  lactone  of  y-ethyl-S-hydroxycapronic  acid, 
CH,-CH-CH(C2H,)-CH2-CH2    ^^^^^    j,.^^.     ^^^    ^^j^^.j^^   (Annalen, 

O CO 

1892,  268,  122)  obtained  by  the  reduction  of  y-ethyl-y-acetylbutyric 
acid,  and  v/hich  boils  at  254 — 255°. 

It  is  insoluble  in  water,  and  dissolves  only  very  slowly  on  boiling 
with  sodium  carbonate  solution.  Caustic  alkalis,  however,  readily 
dissolve  it,  with  formation  of  the  salts  of  the  hydroxy-acid. 


Oxidation  of  Acetyldimethylbutyric  Acid.     Formation  of  a-Dimethyl- 
glutario  Acid,  COOH-C(CH3)2-CH2-CH2-COOH. 

When  treated  with  bromine  and  caustic  potash,  acetyldimethyl- 
butyric acid  is  readily  oxidised,  with  separation  of  bromoform  or 
tetrabromomethane,  and  formation  of  a-dimothylglutaric  acid. 

In  investigating  this  decomposition,  the  pure  acetyl  acid  was  dis- 
solved in  a  large  excess  of  moderately  concentrated  aqueous  potash, 
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the  solution  cooled  to  0°,  and  bromine  added,  until,  so  far  as  could  be 
seen,  no  further  deposition  of  tetrabromomothane  took  place,  and  the 
solution,  after  standing  for  some  minutes,  was  found  to  contain  excess 
of  hypobromite.  After  destroying  the  excess  of  hypobromite  by 
passing  sulphur  dioxide  into  tlie  solution,  it  was  acidified  with  hydro- 
chloric acid,  saturated  with  ammonium  sulphate,  and  extracted  five 
times  with  pure  ether;  the  ethereal  solution,  dried  over  calcium 
chloride,  was  then  evaporated,  when  an  oily  residue  was  left,  which, 
on  standing  in  a  vacuum  over  sulphuric  acid,  rapidly  solidified.*  The 
crystalline  mass  was  dissolved  in  a  little  water,  and  the  well  cooled 
solution  satvu-ated  with  hydrogen  chloride,  when,  in  a  few  hours, 
colourless,  needle-shaped  crystals  separated ;  these,  after  draining  on 
a  porous  plate  and  drying  in  a  desiccator  over  potash  and  sulphuric 
acid,  gave  the  following  results  on  analysis. 

I.  0-1408  gave  0-2701  COg  and  0-0956  H2O.    C  -  52-32  ;  H  =  7-53. 

II.  0-1126     „     0-2168  CO,    „    0-0765  H^O.    C  =  52-51 ;  H-7-62. 

COOH- C(CH3)./ CH^- CH,- COOH requires C  =  52-50;  H=  7-50percent. 

a-Dimethylglutaric  acid  melts  at  about  84°,  and  is  readily  soluble 
in  water,  alcohol,  and  most  organic  solvents,  but  only  very  sparingly 
in  cold  concentrated  hydrochloric  acid,  separating  from  its  hot  solu- 
tion in  this  solvent  in  woolly  masses  of  fine  needles.  This  acid  has 
also  been  prepared  by  Tiemann  {Ber.,  1895,  28,  2176),  who  showed 
that,  when  oxidised  by  nitric  acid,  it  yields  a-dimethylsuccinic  acid, 
COOH- qCHg)^- CHg- COOH. 

a-Dimethylglutaric  Anhydride,    r       ^'^^        2    1     2, 

This  was  prepared  by  digesting  the  pure  acid  with  excess  of  acetic 
anhydride  for  half  an  houi-,  and  allowing  the  solution  to  evaporate  over 
potash  in  a  vacuum  desiccator,  when  a  colourless,  syrupy  residue  was 
obtained,  which  soon  solidified  on  being  rubbed  with  a  glass  rod. 
The  crystalline  mass,  after  draining  on  a  porous  plate,  melted  at 
38°,  and  consisted  of  a-dimethylglutaric  anhydride,  as  the  following 
analysis  shows. 

0-1088  gave  2365  CO,  and  0-0698  H,0.     C  =  59-27  3  H  =  7-13. 
C7H10O3  requires  C  =  59-15  ;  H  =  7-04  per  cent. 

a-Dimethylglutaranilic  A  c  id, 

CO(NH-  C,H-,)-  C(CH3),-  CHo-  CH/  COOH  (]). 
— When  a  solution  of   dimethylglutaric  anhydride  in  pure  benzene  is 

*  If  the  oil  does  not  solidify  rapidly,  the  treatment  with  potash  and  bromine 
must  be  repeated. 


848     PERKIN  :   SULPHOCAMPHYLKi  ACID  AND  ISOLAURONOLIC  ACID, 

mixed  with  the  calculated  quantity  of  aniline,  the  corresponding  anilic 
acid  rapidly  separates  in  ci-ystals.  These  were  collected,  drained  on 
a  porous  plate,  and  purified  by  recrystallisation  from  dilute  alcohol, 
from  which  the  substance  separates  in  lustrous  plates  melting  at  144° 
without  decomposition. 

0-2205  gave  11-5  c.c.  of  nitrogen  at  16-5°  and  768  mm.    N  =  6-07. 
C13HJ7NO3  requires  ]Sr  =  5"96  per  cent. 

a-Dimethylglutaranilic  acid  is  readily  soluble  in  alcohol,  but  only 
sparingly  so  in  water,  benzene,  or  light  petroleum. 


Reduction  of  Isolauronic  Acid.     Formation  of  Dihydroisolauronic  Acid, 

CHg-zC-COOH 

CHg-C CH-OH 

The  reduction  of  isolauronic  acid  was  first  studied  by  Carl  Meyer 
[Dissertation  Munich,  1895,  p.  45),  who  treated  the  solution  of  the  acid 
(1  gram)  in  sodium  carbonate  at  ordinary  temperatures  with  40 — 50 
grams  of  3  per  cent,  sodium  amalgam,  a  slow  current  of  carbon  di- 
oxide being  passed  during  the  operation.  After  24  hours,  he  acidified 
the  product,  digested  it  with  dilute  sulphuric  acid  for  1  hour,  and 
then  extracted  with  ether ;  the  ethereal  solution,  after  shaking  with 
sodium  carbonate  to  remove  an  acid  (which  is  mentioned  below)  and 
evaporating  off  the  ether,  deposited  a  crystalline  lactone,  CgHj^Og, 
which  melted  at  47 — 50°,  and  gave  on  hydrolysis  a  hydroxy-acid 
melting  at  143°  ;  it  had,  in  fact,  as  mentioned  in  the  Introduction, 
the  properties  of  campholactone.  On  acidifying  the  soda  solution 
from  which  the  lactone  had  been  extracted  with  ether,  Carl  Meyer 
obtained  an  oily  acid  which  gradually  solidified ;  this  crystallised 
from  light  petroleum  in  nodular  masses,  and  melted  at  80 — 81°,  the 
melting  point  not  being  altered  by  repeated  crystallisation  from  light 
petroleum. 

The  analysis  of  this  substance  gave  numbers  which  Carl  Meyer 
thought  indicated   that  it  was  a  mixture  of  two  acids,  Cj^Hj^Og  and 

Found,  as  a  mean  of  four  analyses,  C  =  62'95  ;  H  =  8'66  per  cent. 
CgH^^Og  requires  C  =  63-53  ;  H  =  8-23  per  cent. 
CgH^eOg        „        C  =  62-71;  H  =  9-30 

This  acid  was  not  further  reduced  on  treatment  with  sodium  amal- 
gam for  several  hours  on  the  water  bath  ;  and,  although  no  experiment 
seems  to  have  been  made  with  the  object  of  determining  whether  it 
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was  capable  of  forming  a  lactone,  its  method  of  isolation  would  seem 
to  show  that  this  is  not  the  case. 

In  assigning  the  relative  positions  of  the  CO  and  COOH  groups  in 
isolauronic  acid,  it  is  obvious  that  it  is  a  matter  of  the  greatest  im- 
portance to  determine  whether  the  acid  formed  by  reducing  this  ketonic 
acid  is  capable  of  forming  a  lactone,  and,  for  this  reason,  a  very  lax'ge 
number  of  experiments  were  instituted  on  the  reduction  of  isolauronic 
acid  under  varied  conditions.  In  the  first  place,  Carl  Meyer's  experi- 
ment was  repeated  several  times  exactly  as  he  described  it,  and  using 
very  pure  isolauronic  acid  ;  but  no  trace  of  lactone  could  be  obtained, 
and  the  hydroxy-acid,  after  extraction  with  ether  and  evaporating 
the  solvent,  solidified  at  once,  and  crystallised  from  light  petroleum 
(b.  p.  40 — 45°)  in  colourless  leaflets  which  soften  at  84 — 85°  and  melt 
at  88—89°. 

The  analysis  gave  numbers  agreeing  sharply  with  the  formula 
CgHj^Og  =  C.Hii(CH-  OH) -COOH. 

-    0-1478  gave  0-3429  OO2  and  0-1090  HgO.     C  =  63-27  ;  H  =  8-19. 
0-1332     „     0-3099  CO2  „    0-0985^,0.     C  =  63-45 ;  H  =  8-22. 
Cgllj^Og  requires  C  =  63-53  ;  H  =  8-23  per  cent. 

This  acid,  for  which  the  name  dihydroisolauronic  acid  is  proposed, 
was  formed  in  all  the  experiments  on  the  reduction  of  isolauronic 
acid,  even  when  vei-y  varying  conditions  of  temperatui'e,  concentration 
of  solution,  and  quantities  of  reagents  were  employed,  and  it  was  the 
only  product  of  reduction  which  the  author  could  isolate.  Dihydro- 
isolauronic acid  is  moderately  easily  soluble  in  hot  water,  and 
crystallises  from  it,  under  certain  conditions,  in  beautiful,  colourless, 
glistening,  prismatic  needles  which  melt  at  88 — 89° ;  it  is  very  readily 
soluble  in  most  organic  solvents,  and  crystallises  fairly  well  from  light 
petroleum. 

The  solution  of  dihydroisolauronic  acid  in  dilute  sodium  carbonate 
does  not  decolorise  permanganate,  except  on  long  standing,  and  since 
it  does  not  react  with  hydrobromic  acid  at  the  ordinary  temperature, 
and  its  solution  in  chloroform  does  not  decolorise  bromine,  it  appears 
to  be  a  saturated  acid  ;  this  is  confirmed  by  the  fact,  noticed  by  Carl 
Meyer,  that  the  acid  is  not  further  reduced  by  sodium  amalgam,  even 
at  100°. 

Dihydroisolauronic  acid  dissolves  in  concentrated  sulphuric  acid  at 
30°,  forming  a  yellow  solution,  and  at  40 — 50°  decomposition  sets  in, 
with  evolution  of  sulphur  dioxide.  If,  after  heating  for  a  few  minutes 
on  the  boiling  water  bath,  the  dark-coloured  solution  is  poured  into 
water,  a  yellow  precipitate  separates,  which,  on  recrystallisation  from 
acetic  acid,  melts  at  164 — 165°  and  shows  all  the  properties  of  para- 
xylic  acid. 
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Atteinpts  to  Convert  Dihydroisolauronic  Acid  into  a  Lactone. 

For  reasons  stated  in  the  Introduction  to  this  papei*,  it  was  most 
important  to  determine  whether  dihydroisolauronic  acid  was  capable 
of  forming  a  lactone,  and  many  experiments  were  made  to  decide  this 
point. 

I.  In  three  experiments,  the  pure  acid  was  digested  with  sulphuric 
acid  of  10,  15,  and  20  per  cent,  for  1  hour.  The  products  from  the 
first  two  experiments  were  extracted  with  ether,  and  the  ethereal 
solution,  after  treatment  with  sodium  carbonate,  evaporated,  but  no 
trace  of  a  lactone  was  obtained  in  either  case,  and  on  acidifying 
the  sodium  carbonate  solution,  the  hydroxy-acid  was  recovered  un- 
changed. 

In  the  third  experiment,  in  which  20  per  cent,  sulphuric  acid  had 
been  used,  the  solution,  on  standing  overnight,  became  filled  with 
beautiful,  glistening  plates  which  melted  at  87°  with  slight  previous 
softening,  and  on  examination  were  found  to  consist  of  the  unchanged 
hydroxy-acid. 

II.  Dihydroisolauronic  acid  was  heated  in  a  sealed  tube  with  water 
at  220°  for  3  hours.  On  opening  the  tube,  there  was  no  pressure,  and 
the  light  yellow  oil  which  had  separated  below  the  water,  on  being 
touched  with  a  crystal  of  the  acid,  solidified  at  once,  and  the  crystals, 
after  spreading  on  a  porous  plate,  melted  at  85 — 87°. 

III.  When  heated  in  small  quantities  in  a  test-tube,  dihydroiso- 
lauronic acid  distils  at  a  high  temperature  and  condenses  on  the  cooler 
portion  of  the  tube  as  an  oil  which  rapidly  solidifies ;  the  crystals, 
after  being  freed  from  traces  of  impurity  by  spreading  on  a  porous 
plate,  melt  at  80 — 85°  and  consist  of  the  unchanged  acid,  showing  that 
the  hydroxy-acid  undergoes  very  little  decomposition  when  distilled 
under  the  ordinary  pressure.  In  order  to  clearly  prove  that  dihydro- 
isolauronic acid  does  not  yield  a  lactone  on  heating,  about  5  grams  of 
the  carefully  dried  acid  was  slowly  distilled  under  reduced  pressure 
(G5  mm.) ;  no  elimination  of  water  was  observed,  and  the  thermometer 
at  once  rose  to  215°,  the  whole  passing  over  between  this  temperature 
and  220°  as  a  colourless  oil  which,  on  touching  with  a  crystal  of  the 
original  acid,  immediately  and  completely  solidified.  This  distilled 
acid,  without  further  purification,  gave  the  following  results  on 
analysis. 

0-1771  gave  04152  CO.,  and  01341  H^.     C  =  6393  ;  H  =  842. 
Dihydroisolauronic  acid,  CgH^^Og,  requires  C  =  63'53;  H  =  8'23  per  cent. 

This  distilled  acid  melted  at  about  78 — 84°,  dissolved  completely 
in  dilute  sodium  carbonate  solution,  and,  as  the  analysis  shows,  consisted 
of  unchanged  dihydroisolauronic  acid. 
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These  experiments  appear  to  the  author  to  prove  conclusively  that 
dihydroisolauronic  acid  is  incapable  of  forming  a  lactone. 

Fusion  of  Isolauronic  Acid  with  Potash.     Formation  of  Ihjdroxy- 

CH3 

imratoluic  Acid,  \        \ 

COOH 

The  behaviour  of  isolauronic  acid  on  fusion  with  potash  was  in- 
vestigated, because  it  was  thought  probable  tliat  in  this  way  a  more 
direct  product  of  hydrolysis  and  oxidation  might  be  obtained  than  had 
been  found  possible  by  submitting  it  to  oxidation  alone. 

It  was  conceivable,  for  example,  that  the  reaction  might  take  the 
following  course. 

CHg-zO-COOK  CHo— CH-COOK 

(OH3)2C  X  I  +  KOH  +  0  =  (CHg),^    "     COOK 

CHg-C^-— CO  ChVcO 

Isolauronic  acid  (1  gram)  was  dissolved  in  strong  aqueous  potash 
(10  grams),  and  the  solution,  which,  on  warming,  rapidly  became  dark 
bi'own,  was  gradually  heated  at  130 — 140°  until  the  frothing  had  sub- 
sided; the  temperature  was  then  raised  to  230°  for  10  minutes. 

On  acidifying,  a  milky  solution  smelling  strongly  of  isobutyric  acid 
was  obtained,  and  on  shaking  it,  a  dark,  resinous  mass  separated  ;  this 
was  extracted  five  times  with  ether,  the  ethereal  solution  evaporated, 
and  the  residue,  which  on  standing  overnight  partially  solidified, 
boiled  with  about  200  c.c.  of  water  and  filtered.  The  filtrate, 
decolorised  by  boiling  with  purified  animal  charcoal,  was  evaporated 
to  a  small  bulk  on  the  water  bath,  and  on  standing  it  deposited  glisten- 
ing plates,  which  were  collected,  recrystallised  twice  from  water,  and 
analysed,  with  the  following  result. 

0-1291  gave  0-2978  COo  and  0-0642  H^O.     C  =  62-91 ;  H  =  5-52. 
CyHgOg  requires  C  =  63-153  H  =  .5-26  per  cent. 

This  acid  melts  at  about  203 — 205°  without  decomposition,  and 
when  cautiously  heated  sublimes  in  feathery  crystals ;  it  dissolves 
readily  in  warm,  sparingly  in  cold  water,  and  crystallises  from  the  hot 
solution,  on  slowly  cooling,  in  beautiful,  colourless,  glistening  prisms. 
When  heated  with  acetic  anhydride,  it 'yields  an  acetyl  compound, 
which  crystallises  from  dilute  alcohol  in  colourless  needles  and  melts  at 
163 — 164°,  but  the  amount  obtained  was  too  small  for  analysis. 

As  the  results  of  the  analysis  and  general  properties  of  the  acid 
clearly  showed  that  it  must  be  an  aromatic  compound,  a  search  was 
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made  among  known  hydroxy-acids  of  this  composition,  when  two  acids 
of  similar  properties  were  found,  namely, 

CHo  CH3 

/\ 

ohI     Jcooh 


COOH 

2-Hydroxyparatoluic  acid,  5-Hydroxymetatoluic  acid, 

m.  p.  206—207°.  m.  p.  208. 

Mr.  J.  L.  Kose,  B.Sc,  a  student  of  Owens  College,  kindly  prepared 
for  me  a  specimen  of  the  former  of  these  acids,  using  the  method 
described  by  "Weinreich  {Ber.,  1887,  20,  981),  which  consists  in  sul- 
phonating  paratoluic  acid  and  fusing  the  sulphonic  acid  with  potash. 
The  acid  thus  obtained,  which  melted  at  206 — 207°,  was  digested  with 
acetic  anhydride  for  1  hour,  and  when  cold  mixed  with  water  and 
allowed  to  stand  until  it  had  completely  solidified ;  this  acetate,  when 
purified  by  recrystallisation  from  benzene,  separated  in  beautiful, 
colourless  needles  which  melted  at  162°,  and  gave  the  following  result 
on  analysis. 

Found  0  =  61-99;  H  =  5-19. 

CH,-  CcH3(0-C2H30)-COOH  requires  C  =  61  -85  ;  H  =  5-16  per  cent. 

The  properties  of  the  acid  obtained  by  fusing  isolauronic  acid  with 
potash  agree,  so  far  as  they  have  been  investigated,  with  those  of 
hydi'oxyparatoluic  acid,  but  as  it  is  still  possible  that  the  acid  may  be 
hydroxymetatoluic  acid,  a  specimen  of  the  latter  acid  is  being  prepared 
in  order  that  this  point  may  be  decided. 


LXXXV. — Researches  on  the  Ter penes.      VIII.     On 
Carvenol :  its  Reactions  and  Products. 

By  James  E.  Marsh  and  Alfred  Hartridge. 

In  a  paper  published  in  the  Transactions,  1897,  p.  290,  one  of  us,  in 
conjunction  with  Mr.  J.  A.  Gardner,  described  the  production  of  an 
isomeride  of  camphor  produced  by  the  action  of  strong  sulphuric  acid 
on  chlorocamphene.  Subsequently,  in  a  note  in  the  Proceedings,  we 
showed  that  the  same  substance  was  produced  by  the  action  of  strong 
sulphuric  acid  on  the  isomeric  chlorocamphene  hydrochloride  or  so- 
called  camphor  chloride,  obtained  by  tlie  action  of  phosphorus  penta- 
chloride  on  camplior.  The  properties  of  this  isomeride  of  camphor  led 
us  to  regard  it  as  a  tertiary  alcohol,  and  inasmuch  as  it  was  obtained 
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from  chlorocamphene  by  displacing  the  clilorino  by  hydroxy!,  wo 
called  it  hydroxycamphene  or  camphenol,  regarding  it  as  a  substitu- 
tion derivative  of  camphene.  In  tho  present  paper,  we  describe 
further  experiments  with  this  substance  and  the  products  obtained 
from  it,  and  as  we  shall  show  that  it  is  not  a  true  substitution  deriva- 
tive of  camphene,  we  must  abandon  the  names  hydroxycamphene  and 
"  camphenol."  Moreover,  we  find  we  have  no  right  to  the  name 
canipheuol,  as  it  has  already  been  applied  by  Bouchardat  and  Lafont 
to  certain  isomerides  of  borneol  which  they  have  discovered.  We 
propose,  therefore,  to  call  the  substance  carvenol,  on  account  of  the 
close  relationship  we  find  it  to  bear  to  carvacrol. 

Preparation  and  Purification  of  Carvenol. — In  order  to  prepare"  pure 
carvenol,   we  find    it  best  to  employ  chlorocamphene  obtained   from 
a-camphene  dichloride  by  the  process  which  has  already  been  described 
{loc.  cit.).     As,  however,  the  separation  of  the  isomeric  dichlorides  is 
somewhat  tedious,  we   employ,  in  preparing  large  quantities  of  the 
substance,  the  crude  product  of  the  action  of  phosphorus  pentachloride 
on  camphor.     This  is  converted  into  chlorocamphene  first  by  distilling 
the  mixed  chlorides,  and  subsequently  by  boiling  the  distilled  product 
with  aniline  ;  the  chlorocamphene  is  then  dissolved  in  sulphuric  acid 
containing  5  per  cent,  of  water  in  the  manner  already  described  in 
the  former  paper,  the  action  taking  place  in  the  cold,  but  being  much 
accelerated  by  heating  on  the   water  bath.     On   pouring  the  clear 
solution  into  a  large  excess  of  water,  the  carvenol  separates  as  a  light 
yellowish  liquid  ;  by  distilling  this  with  steam,  it  is  separated  from  a 
small   quantity   of    tarry  matter.     The   crude    carvenol    so    obtained 
contains  traces  of  chlorine,  due  to  the  presence  in  it,  as  will  be  shown 
later,  of  a  small  quantity  of  chloi-ocymene.     To  free  it  from  this,  it  is 
again  dissolved  in  sulphuric  acid,  and  the  solution  shaken  with  light 
petroleum  to  remove  the  chlorocymene,  which  is  insoluble  in  sulphuric 
acid.     On  now   pouring  the  sulphuric   acid   solution  into  water,  the 
substance  is  obtained  free  from  chlorine,  and   is  further  purified  by 
distillation  under  diminished  pressure.     Carvenol  prepared  from  the 
crude  product  of  the  action  of  pentachloride  of  phosphorus  on  cam- 
phor is  apt  to  contain  some  of  the  latter,  which  has  escaped  the 
action  of  the  phosphorus  pentachloride.     This  camphor  comes  over 
in  the  first  fractions  in  the  distillation  of  carvenol.     We  have  found, 
however,  that  camphor  is  readily  soluble  in  about  its  own  weight  of 
fuming  hydrochloric  acid  of  sp.  gr.  1-2,  whilst  the  camphene  dichlorides 
are  insoluble  in  it ;   this   affords  a  ready  method  of  removing  the 
camphor  from  the  crude  camphene  dichlorides. 

The  properties  of  carvenol  have  been  described  in  the  above- 
mentioned  paper  by  Marsh  and  Gardner,  and  it  was  shown  to  be  an 
isomeride  of  camphor.     The  specific  gravity  of  a  pure  specimen  free 
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from  chlorine,  and  distilling  at  104°  under  10  mm.  pressure,  has  been 
determined,  and  the  density  found  to  be  d  0-9372  at  19-574°.  We 
have  made  further  experiments  with  a  view  of  ascertaining  the  nature 
of  this  substance. 

Action  of  riwsfhoTXhs  Pentachloride  on  Carvenol. — From  the  mode  of 
formation  of  carvenol,  it  appeared  probable  that  the  chlorine  of 
chlorocamphene  was  replaced  by  hydroxyl,  CjoHj^Cl  +  H^O  = 
CjqHjjOH  +  HCl,  so  that  we  at  first  considered  the  substance  to 
be  a  hydroxyl  derivative  of  camphene  ;  if  this  were  so,  we  should 
expect  that  by  the  action  of  phosphorus  pentachloride  on  carvenol  we 
should  get  back  the  original  chlorocamphene.  This,  however,  is  not 
the  case.  Pentachloride  of  phosphorus  readily  acts  on  carvenol,  but  it 
gives,  not  chlorocamphene,  but  chlorocymene,CjQHj3Cl  [CHg :  CI :  C3H7  = 
1:2:4].  To  prepare  this  substance,  the  carvenol  is  mixed  with  rather 
more  than  the  theoretical  amount  of  phosphorus  pentachloride  in  a 
mortar,  when  hydrogen  chloride  is  given  off  and  the  mass  becomes 
liquid.  It  is  then  mixed  with  ice,  and  the  oily  liquid  left  undissolved 
is  taken  up  with  ether ;  the  ethereal  solution  is  shaken  with  a 
solution  of  sodium  carbonate  to  remove  a  small  quantity  of  an  acid 
that  is  present,  probably  a  phosphonic  acid,  which  gives  a  crystalline 
sodium  salt.  The  chlorocymene,  which  is  the  chief  product,  is  obtained 
on  distilling  the  ethereal  solution,  and  can  be  further  purified  by 
shaking  up  with  strong  sulphuric  acid,  which  removes  impurities  such 
as  unaltered  carvenol,  whilst  it  has  little  or  no  action  on  chloro- 
cymene in  the  cold.  Chlorocymene  obtained  in  this  way  boils  at 
216°  under  atmospheric  pressure,  and  at  103 — 105°  under  19  mm. ;  it 
is  a  colourless  liquid,  and  has  no  action  on  a  cold  solution  of  potassium 
permanganate.     On  analysis,  it  gave  the  following  figures. 

Carbon.  Hydrogen.  Chlorine. 

Found 71-5  7-9  20-9 

Calculated  for  C10H13CI     71-2  7-7  21-0 

Oxidation  of  Chlorocymene. — Kekul6  and  Fleischer  {Ber.,  1873,  6, 
1087)  obtained  a  chlorocymene  by  the  action  of  phosphorus  penta- 
chloride on  carvacrol,  and  found  that,  on  oxidation,  it  gave  a  chloro- 
toluic  acid  melting  at  184 — 186°,  but  von  Gerichton  {Ber.,  1878,  11, 
366)  found  the  melting  point  to  be  199—201°.  There  is  no  doubt 
that  our  chlorocymene  is  identical  with  that  of  Kekule  and  Fleischer, 
as  it  gives  the  same  chlorotoluic  acid  on  oxidation  with  nitric  acid. 
(Kekul6  and  Fleischer  do  not  state  what  oxidising  agent  they 
employed.)  Claus  and  Davidson  {J.  ;;r.  Chem.,  [ii],  39,  497)  have  also 
obtained  this  acid  from  chlorotoluidinc  [Me  :  CI :  ISTII^  =1:2:4]  by 
Sandmeyer's  reaction. 

We  find  that  on  heating  chlorocymene  with  nitric  acid  of  sp.  gr.  1-3 
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for  about  24  hours  on  the  water  bath,  it  is  practically  entirely  con- 
verted into  a  crystalline  acid  soluble  in  alcohol,  and,  when  crystallised, 
from  alcohol  melting  at  199". 

Found.  Calc.  CgHyClOg. 

Chlorine   20-3  per  cent.  20*8  per  cent. 

ChlorocT/me^iesuljj/iomc  Acid. — Chlorocymene,  if  left  for  a  few  hours  in 
contact  with  strong  sulphuric  acid,  gradually  forms  white  crystals  which 
do  not  dissolve  readily  in  the  acid  ;  the  action  is  aided  by  heating  on 
the  water  bath.  When  5  c.c.  of  chlorocymene  was  heated  with  5  c.c. 
of  strong  sulphuric  acid  on  the  water  bath,  the  mixture  became  solid 
after  a  time  from  the  formation  of  crystals.  These  crystals  were  dis- 
solved in  water,  and  the  boiling  solution  neutralised  with  barium 
carbonate,  and  filtered  ;  on  cooling,  the  barium  salt  crystallised  out 
in  long  needles.  It  was  analysed  for  water  of  crystallisation  and 
for  barium. 

Water  at  120".  Barium. 

Found 14-49  per  cent.  18-4  per  cent. 

Calculated 14-5  ,,  18-5       „ 

This  agrees  with  the  formula,  Ba(C^oHioClS03)^  -f  GH^O. 

On  evaporating  the  aqueous  solution,  after  precipitating  the  barium 
with  sulphuric  acid,  the  free  sulphonic  acid  crystallises  out ;  this, 
when  dried  over  sulphuric  acid  to  remove  water  Tof  crystallisation, 
melted  at  135°.  Jiinger  and  Klages  {Ber.,  1896,  29,  315)  have 
prepared  the  same  acid  from  the  chlorocymene  obtained  by  the 
action  of  chlorine  on  cymene,  by  treating  it  with  fuming  sulphuric 
acid. 

Chlorocymene  in  Crude  Carvenol. — We  have  already  called  attention 
to  the  existence  of  a  chlorine  compound  in  crude  carvenol ;  this  occurs 
in  relatively  small  quantity,  but  on  purifying  a  large  amount  of  car- 
venol, some  20  c.c.  of  a  liquid  insoluble  in  sulphuric  acid  was  ob- 
tained. It  is  rich  in  chlorine,  and  as  the  purified  carvenol  is  free  from 
chlorine,  we  had  thus  separated  the  whole  of  the  chlorinated  substance 
from  the  carvenol.  It  was  observed  that  this  chlorine  compound, 
when  left  in  contact  with  strong  sulphuric  acid,  gave  colourless  ciys- 
tals,  a  circumstance  which  led  us  subsequently  to  investigate  the  action 
of  sulphuric  acid  on  chlorocymene,  as  described  above.  The  liquid 
itself  was  found  to  distil  at  95 — 101°  under  10  mm.  pressure,  and  at 
210 — 216°  under  atmospheric  pressure.  When  analysed,  it  gave, 
C=^71"7;  H  =  9"0,  but,  after  being  redistilled  under  20  mm.  pres- 
sure, two  chief  fractions  were  obtained  boiling  at  106 — 108°  and 
108—110°  respectively. 

On  analysis  of  the  fraction  106 — 108°,  we  found. 


drogen. 

Chlorine 

9-4 

18-4 

7-7 

21-0 
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Carbon. 

Found 72-2 

Calculated  for  C^qEL^^CI 71-2 

Three  grams  of  the  substance  were  oxidised  with  nitric  acid  of 
sp.  gr.  1"3,  and  the  same  chlorotoluic  acid  melting  at  200^  was  obtained. 
The  liquid  also,  like  chlorocymene,'is  not  acted  on  by  permanganate  of 
potash  at  the  ordinary  temperature  except  on  long  standing.  There 
would  thus  seem  to  be  little  doubt  that  chlorocymene  is  contained  in 
the  liquid,  but  is  mixed  with  some  impurity.  It  is  curious  that  the 
boiling  point  should  be  so  constant,  as  cymene,  which  is  the  most 
likely  impurity  to  be  present,  boils  at  a  much  lower  temperature. 

Action  of  Benzoic  Chloride  on  Carvenol. — With  the  intention  of 
preparing  a  compound  ether  of  carvenol,  on  the  supposition  that 
carvenol  is  an  alcohol,  we  treated  that  substance  with  benzoic  chloride  ; 
17 "7  grams  of  carvenol  and  20  grams  of  benzoic  chloride  were  heated 
to  boiling  in  a  flask  connected  with  an  apparatus  for  absorbing  the 
hydrogen  chloride  given  off.  After  2  hours  heating,  4  grams  of 
hydrogen  chloride  had  been  collected  (theoretical  amount  4*25  grams), 
and,  on  cooling,  crystals  separated,  which  were  found  to  be  benzoic 
acid  ;  the  filtered  liquid  was  distilled  under  diminished  pressure,  and 
the  distillation  continued  until  the  distillate  began  to  come  over  solid. 
The  principal  portion  of  the  distillate  came  over  below  100"^  under 
19  5  mm.  pressure,  and  this,  when  distilled  under  atmospheric  pres- 
sure, came  over  between  176^  and  186^;  it  contained  chlorine,  and 
smelled  slightly  of  benzoic  chloride.  It  was  therefore  washed  with 
soda  solution,  dried  with  calcium  chloride,  and  allowed  to  stand  over 
metalUc  sodium.  Distilled  under  a  pressure  of  32  mm.,  it  boiled  at 
86 — 87°,  and  under  atmospheric  pressure  very  constantly  at  179°,  and 

was  free  from  chlorine. 

Carbon.  Hydrogen. 

Found 89-6  10*8 

Calculated  for  CioHj^    89-5  10-5 

There  is  thus  no  doubt  that  the  liquid  is  cymene.  That  it  is  para- 
cymene  was  proved  by  the  excellent  test  suggested  by  Widman, 
namely,  the  production  of  parahydroxyisopropylbenzoic  acid  by  oxida- 
tion with  potassium  permanganate  ;  only  1  c.c.  of  the  cymene  was  taken 
for  oxidation,  and  a  good  yield  of  the  above-mentioned  acid  was  ob- 
tained of  melting  point  156^.  Thus  it  appears  that  the  action  of 
benzoic  chloride  on  carvenol  results  in  the  formation  to  a  considerable 
extent  of  paracymene,  thus 

Ci.Hi^O  -t-  C^Hg-  COCl  =  CioHj^  +  C^B.^-  COOH  -f-  HCl. 

We  are  further  investigating  the  residue  left  on  distilling  off  the 
cymene,  which  contains  benzoic  acid  in  quantity,  to  discover  whether 
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any  ethereal  benzoate  is  formed.  But,  on  the  other  hand,  this 
action  of  benzoic  chloride  is  consistent  with  our  view  that  carvenol 
behaves  as  a  tertiary  alcohol. 

Carvenolsemicarbazone. — The  semicarbazone  was  prepared  by  acting 
on  carvenol  with  semicarbazide  hydrochloride  and  potassium  acetate 
in  dilute  alcoholic  solution ;  the  compound  began  to  come  down  after 
the  lapse  of  3  hours,  and  at  the  end  of  24  hours  a  copious  precipitate 
was  obtained  ;  this  crystallised  from  alcohol  in  small,  colourless  plates 
melting  at  202—203°. 

Found.  Calc.  CiiHjgNjo. 

Nitrogen 20-20  2009 

This  action  of  semicarbazide  points  to  the  ketonic  nature  of  carvenol. 
It  thus  appears  to  act,  like  phloroglucinol  and  other  tautomeric  sub- 
stances of  this  nature,  both  as  an  alcohol  and  as  a  ketone. 

Reduction  of  Carvenol :  Carvanol. — Carvenol  was  reduced  by  metallic 
sodium  in  solution  in  absolute  alcohol.  Portions  of  10  c.c.  of  carvenol 
dissolved  in  50  c.c.  of  absolute  alcohol  were  treated  with  8  grams  of 
sodium,  the  sodium  being  added  in  small  portions  at  a  time,  and  the 
contents  of  the  flask  cooled,  as  the  action  is  very  violent  at  starting  ; 
the  last  portions  of  sodium  were  added  to  the  mixture  heated  to 
boiling  to  complete  the  action.  On  adding  a  few  drops  of  water, 
the  contents  of  the  flask  became  solid,  but  when  more  water  was 
added  an  oil  separated ;  this  was  purified  by  distillation  under 
diminished  pressure.  It  distilled  at  100 — 110°,  and  under  atmo- 
sphex'ic  pressure  at  210 — 220°,  some  15°  lower  than  carvenol.  In 
order  to  ensure  the  reduction  of  all  the  carvenol,  the  product  of  the 
first  reduction  was  again  treated  with  sodium  in  alcoholic  solution, 
the  action  of  the  sodium  being  much  less  violent  than  in  the  fii'st 
treatment.  On  recovering  the  oil  in  the  way  just  mentioned,  it  was 
found  to  distil  at  109 — 110°  under  14  mm.  pressure.  On  analysis,  it 
gave. 

Carbon.  HydrogeD. 

Found   76-2  12-5 

Calculated  for  C10H20O    76-9  12-8 

Carvanol,  as  we  propose  to  call  this  substance,  is  a  colourless  liquid 
of  sp.  gr.  0-9128  at  23-5°  (water  at  4°) ;  it  is  very  viscous,  differing  in 
this  respect  from  carvenol,  which  is  very  mobile.  It  has  a  pleasant, 
aromatic  odour  and  pungent,  peppermint-like  taste.  It  is  a  secondary 
alcohol,  as  is  shown  by  its  oxidation  to  a  ketone,  and  forms  an  acetate 
having  a  fragrant  smell  resembling  that  of  oil  of  vetiver. 

Oxidation  of  Carvanol :  Carvanone. — Twelve  grams  of  carvanol  were 
oxidised  with  potassium  dichromate  and  sulphuric  acid,  according  to 
the  method  described  by  Beckmann  for  the  oxidation  of  menthol  to 
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menthone  ;  ou  completion  of  the  oxidation,  the  mixture  was  distilled 
in  steam  ;  the  oil,  when  collected  and  distilled  under  a  pressure  of 
14  mm.,  came  over  at  94 — 100°,  and  at  214 — 219°  under  atmospheric 
pressure.     On  analysis,  it  gave, 


Caibon. 
77-3 

Hydrogen 
11-5 

77-9 

11-7 

Found   

Calculated  for  CiyH^yO  

Carvanone,  the  ketone  of  carvanol,  was  obtained  as  a  slightly  yellow 
liquid,  very  mobile,  and  resembling  carvenol  in  odour ;  its  sp,  gr.  at 
25°  was  found  to  be  0-9065  (water  at  4°).  When  treated  with 
hydroxylamine  hydrochloride  and  potash,  it  forms  a  crystalline  oxime 
which  melts  at  104 — 105°.  It  also  forms  a  semicarbazone  when 
treated  with  semicarbazide  hydrochloride  and  potassium  acetate  in 
dilute  alcohol ;  this,  after  crystallisation  from  methylic  alcohol,  melted 
at  173°.  Carvanone  does  not  decolorise  potassium  permanganate  in 
the  cold,  and  appears  to  be  a  saturated  compound. 

Constitution  of  Carvanol  and  Carvanone. — The  conversion  of  carvenol 
into  paracymene  and  chlorocy mene  [CHg :  CI :  C.jH^  =  1  :  2  :  4]  by  com- 
paratively simple  reactions,  points  to  the  conclusion  that  carvenol 
probably  has  the  same  carbon  skeleton  as  cymene  ;  this  is  further 
confirmed  by  the  reduction  of  carvenol  to  carvanol  when  an  addition 
of  four  hydrogen  atoms  takes  place.  Fui'ther,  the  saturated  character 
of  the  ketone,  cai-vanone,  points  to  the  conclusion  that,  inasmuch  as 
its  formula  is  Cj^H^gO,  it  cannot  be  an  open  chain  compound,  but 
must  be  constituted  of  one  closed  ring  and  not  more  than  one.  Taking 
into  account  all  these  considerations,  we  are  led  to  the  conclusion  that 
carvanol  is  a  hexahydrocarvacrol,  and  carvanone  the  corresponding 
ketone.     They  would  then  be  represented  by  the  following  formulae. 

CH3-CH-CH3  CHg-CH-CHg 

CH  CH 


H,C        CH,  II,C       CH, 

HgC       CH-OH  HgC       CO 


CH  CH 

CH3  CII3 

Carvanol.  Carvanone, 

differing  from  their  respective  isomerides  menthol  and  menthone  in 
the  position  of  CH'OH  and  CO  groups  which,  in  the  case  of  menthol 
and  menthone,  are  attached  to  the  carbon  atom  adjacent  to  the  iso- 
propyl  group. 

Constitution  of  Carvenol  and  its  Formation  form  Camiilior. — From 
the  comparatively  simple  conversion  of  carvenol  into  paracymene  and 
chlorocymene  (carvacryl  chloride),  and  since  the  reduced  compound 


VIII.  ON  CARVENOL:   ITS  REACTIONS  AND  PRODUCTS.      859 

carvanol  is  constituted  of  only  ouc  closed  carbon  chain,  there  seems 
no  doubt  that  carvenol  is  actually  a  dihydrocarvacrol  with  two 
double  linkings.  The  position  of  one  double  linking,  owing  to 
the  tautomeric  nature  of  carvenol,  should  be  adjacent  to  the  C(OH) 
grouping  on  one  side  or  the  other.  This  is,  perhaps,  as  far  as 
we  can  get  from  the  properties  of  carvenol  itself,  but  in  con- 
sidering its  production  from  camphor  we  have  a  further  means 
of  arriving  at  its  constitution,  for  camphor,  being  constituted  of 
two  closed  rings,  would  have  one  of  them  broken  to  form  carvenol, 
which  has  only  one  ring,  if  we  suppose  that  carvenol  is  formed  from 
camphor  directly.  But  as  we  have  shown,  carvenol  is  formed  from 
camphor  through  chlorocaniphene.  Chlorocamphene  is  a  saturated 
compound  of  the  formula  CkjHjjCI  without  double  linkings,  and  must 
consequently  be  constituted  of  at  least  three  closed  rings.  Therefore, 
to  form  carvenol  from  chlorocamphene,  two  closed  rings  must  be 
broken.  The  mode  in  which  this  change  may  be  brought  about  is 
explained  by  the  following  formula}. 

H2  TT 

^        c 


/ 


\/        C 
DichloriJe. 


G 


H2O      CH 


CH 


CHg-C  OH2       \QJJ 


c 

\/ 

c 

OH 


CHj  Cllg 


Chlorocamphene.  Carvenol  (transition  form). 

Here  we  should  expect  to  find  one  of  the  double  linkings  in  carvenol 
in  the  side  chain.  On  the  other  hand,  since  carvenol  ought  to  have 
an  isopropyl  group,  and  inasmuch  as  a  CHg  group  at  the  end  of  a 
chain  has  a  tendency  to  pass  into  CHg,  by  intramolecular  change, 
there  is  no  unwarranted  assumption  in  supposing   that  the   double- 

S   M   2 
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linking  migrates  from  the  side  chain  into  the  ring,  a  change  probably 
similar  to  that  whereby  carvol  becomes  converted  into  carvacrol. 
We  should  thus  arrive  at  the  two  following  alternative  formulae  for 
carvenol, 

CHg-CH-CHa  CH3'CH-CH3 

c  c 

^\  /% 

I.  HO      CH,  ^^         II.        H,C      CH 

HgC      C-OH  HgC      C-OH 

c  c 

CH3  CH3 

Carvenol. 

with    the  corresponding    tautomeric   forms  in  which    the    C  C 

CH3  OH 
group  becomes  CH — CO. 
CH., 
We  cannot,  however,  regard  it  as  rigidly  demonstrated  that  carvenol 
must  have  an  isopropyl  group  and  not  an  isopropylene  or  even  tri- 
methylene  group.  In  the  latter  case,  the  change  to  an  isopropyl 
group  would  occur  subsequently  when  carvenol  was  converted  into 
cymene  or  chloi'ocymene  under  the  action  of  benzoic  chloride  or 
phosphorus  pentachloride. 

Comparison  of  the  Projjerties  of  Carvenol,  dtc.,  luith  Compounds  already 
known. — Numerous  compounds  of  the  formula  Cj^jH^^O  have  been 
from  time  to  time  discovered,  and  to  some  of  these  carvenol  bears  a 
very  close  resemblance.  In  particular,  two  of  these  compovinds,  one 
obtained  by  Wallach  from  terpineol  (Annalen,  1893,  277,  122),  and 
the  other,  obtained  by  Semmler  f rom  tanacetone  (5er.,  1894,  27,  895), 
appear  in  their  properties,  and  in  those  of  the  compounds  derived 
from  them,  to  be  identical  with  carvenol  and  with  each  other.  It 
.seems  to  us  a  matter  of  considerable  theoretical  importance  that 
terpineol,  tanacetone,  and  camphor  should  be  convertible  into  one  and 
the  same  substance  which  is  also  isomeric  with  two  of  them.  We 
give  a  table  of  comparison  of  these  substances  on  the  following  page. 

It  will  be  seen  from  this  table  that  carvenol  closely  resembles  in 
properties  both  the  carvenone  obtained  by  Wallach  from  terpineol, 
and  the  carvotanacetone  obtained  by  Semmler  from  tanacetone.  We 
have  not  adopted  either  of  these  names,  partly  because  the  identity 
of  the  three  substances  may  not  be  quite  fully  established,  and  partly 
because  we   wish    by  the    termination   ol    to   indicate   the  alcoholic 
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character  of  the  substance.  We  point  out,  in  conclusion,  that  Wallach 
adopts  for  carvenone  as  the  most  probable  formula  {Annalen,  1893, 
277,  129)  the  same  formula,  namely,  No.  1,  which  we,  from  quite 
other  considerations,  have  arrived  at  for  carvenol. 

University  Laboratory, 
Oxford. 


LXXXVI. — Optically  Active  Alkyloxypropionic  Acids, 

By  Thomas  Purdie,  F.R.S.,  and  G.  Druce  Lander,  B.Sc. 

The  ethereal  salts  of  active  lactic  acid,  prepared  by  the  action  of 
alkyl  iodides  on  silver  lactate,  exhibit  a  notably  higher  rotation  than 
the  lactates  prepared  by  other  methods  (Trans.,  1895,  67,  916),  and 
it  has  been  recently  shown  (Trans.,  1898,  73,  296)  that  this  is  probably 
due  to  the  active  lactates,  prepared  by  the  silver  salt  method,  being 
contaminated  with  small  quantities  of  the  correspouding  alkyloxy- 
propionates.  This  conclusion  was  based  on  experiments  made  with  in- 
active silver  lactate.  Isopropylic  iodide,  which  seems  to  be  peculiarly 
prone  to  the  abnormal  interchange  by  which  the  alkyloxy-compounds 
are  produced,  yields,  by  its  action  on  inactive  silver  lactate,  such  a  con- 
siderable proportion  of  isopropylic  isopropoxypropionate,  that  it  is 
possible  to  isolate  the  acid  from  the  product  in  the  form  of  its  metallic 
salts.  Facts  were  also  adduced  {loc.  cit.)  to  show  that  in  the  case  of 
ethylic  iodide  and  inactive  silver  lactate  a  similar  reaction  occurs,  but 
to  a  smaller  extent. 

If  this  explanation  of  the  high  rotation  of  the  active  ethereal  lactates, 
prepared  in  the  manner  referred  to,  is  coi'rect,  it  follows  that  the 
alkyloxypropionic  acids  must  be  substances  of  very  high  optical 
activity,  as  otherwise  their  presence  as  ethereal  salts  in  admixture 
with  the  active  lactates  would  be  detected  by  analysis. 

With  the  object  of  verifying  this  conclusion,  and  of  contributing 
some  data  bearing  on  the  problem  of  the  quantitative  relation  of 
optical  activity  to  chemical  constitution,  we  thought  it  would  be 
desirable  to  prepare  and  examine  some  of  the  active  a-alkyloxypropionic 
acids,  these  acids  possessing  a  special  interest  with  regard  to  this 
problem,  on  account  of  their  relation  to  lactic  acid  and  tlieir  simple 
constitution. 

The  most  obvious  method  of  obtaining  the  active  alkyloxypropionic 
acids,  by  the  action,  namely,  of  sodium  alkylate  on  the  ethereal  salts 
of  the  active  a-chloro-  or  bromo-propionic  acids,  being  inapplicable  on 
account  of  the  racemisation  which  occurs  during  the  process  (Trans,, 
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1896,  69,  819),  wo  had  to  adopt  the  tedious  method  of  resolving  the 
inactive  alkyloxy-acids  by  means  of  alkaloids,  a  method  which  is  un- 
satisfactory, as  the  activity  of  acids  obtained  in  this  way  is  sometimes 
far  short  of  the  maximum,  even  after  prolonged  fractional  crystal- 
lisation of  the  alkaloid  salts. 

Wo  carried  out  the  resolution  of  inactive  a-ethoxypropionic  acid 
with  cinchonidine,  and  also  with  moi-phine,  which  lends  itself  still 
better  to  tho  process,  an  acid  of  somewhat  higher  activity  being  'thus 
produced.  In  tho  cases  of  methoxy-  and  pi'opoxy-px'opionic  acids, 
morphine  was  the  only  alkaloid  by  which  satisfactory  resolutions 
could  be  effected. 

Preparation  of  Inactive  a-Ethoxyp'02nonic  Acid. 

The  ethylic  salt  of  this  acid  was  prepared  by  ^yurtz  by  the  action  of 
sodium  ethoxide  in  alcoholic  solution  on  ethylic  a-chloropropionate, 
and  also  by  the  action  of  ethylic  iodide  on  ethylic  potassiolactate 
{Ann.  Chim.Phjs.,  1860,  [iii],  59,  169;  1861,63,  103);  similarly  from 
ethylic  a-bromopropionate  by  Schreiuer  (Annalen,  1879,  197,  13).  We 
followed  Schreiner's  method.  The  reaction  does  not  proceed  quantita- 
tively, as  Schreiner's  remarks  would  lead  one  to  expect ;  thus  from 
580  grams  of  bromopropionate,  which  was  worked  up  in  portions  of 
100  grams  at  a  time,  we  obtained  in  all  only  240  grams  of  ethylic 
ethoxypropionate  (b.  p.  155 — 157°),  a  little  over  50  per  cent,  of  the 
calculated  yield.  The  boiling  point  of  the  pure  substance  is  155°  at 
760  mm.  The  small  yield  was  probably  due  to  the  formation  of 
ethylic  acrylate ;  on  distillation,  a  considerable  fraction  of  liquid  was, 
in  fact,  always  collected  between  the  boiling  point  of  alcohol  and  that 
of  the  ethoxypropionate. 

The  ethereal  oil  was  hydrolysed  by  heating  it  with  10  per  cent, 
aqueous  potassium  hydroxide  solution ;  the  hydrolysis  may  be  accele- 
rated by  adding  some  alcohol,  but  the  product  in  this  case  becomes 
coloured.  On  completion  of  the  hydrolysis,  the  liquid  was  neutralised 
with  dilute  sulphuric  acid,  concentrated  to  a  syrup,  acidified,  and 
shaken  with  ether,  which  readily  extracts  the  acid.  Some  of  it  was 
converted  into  the  crystalline  calcium  salt  for  analysis ;  the  dry  salt 
was  found  to  contain  14*72  per  cent,  of  calcium,  the  calculated  number 
being  14 "60.  As  the  acid  undergoes  some  decomposition  on  being  dis- 
tilled, no  attempt  was  made  to  free  it  from  water,  the  wet  syrup 
being  used  for  our  experiments. 

Comparative  experiments  made  by  neutralising  equal  quantities  of 
an  aqueous  solution  of  the  acid  with  various  alkaloids,  showed  that  the 
alkaloid  salts  in  general  were  very  soluble.  The  salt  of  cinchonine 
proved  to  be  a  gum  ;  the  salts  of  brucine  and  strychnine  crystallised. 
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but  only  from  very  concentrated  solutions  ;  cinchonidine  and  morphine 
gave  deposits,  respectively,  of  long,  matted  needles,  and  of  well-shaped 
prisms,  from  fairly  concentrated  solutions,  whilst  quinine  and  quinidine 
could  not  be  dissolved  to  a  neutral  solution.  When  the  acid  was  half  neu- 
tralised with  alkaloid,  quinine  and  quinidine  gave  crystalline  deposits 
from  dilute  solution,  but  the  salts  of  the  other  alkaloids  crystallised 
with  diflBculty  under  this  condition.  Of  the  salts  procurable  in 
neuti-al  solution,  those  of  cinchonidine  and  morphine  seemed  to  be  the 
most  crystallisable,  and  these  alkaloids  were  therefore  chosen  for 
experiments  on  the  resolution  of  the  acid  into  its  active  components. 


Resolution  of  Ethoxijj)ropionic  Acid  ivith  Cinchoiiidine. 

Our  first  experiments  showed  that  the  cinchonidine  salt  of  the 
dextro-acid  was  the  less  soluble,  but  that  prolonged  crystallisation  of 
the  alkaloid  salts  would  be  requisite  to  secure  the  production  of  pure 
active  acid.  We,  therefore,  conducted  an  expei'iment  on  a  larger 
scale. 

A  warm,  aqueous  solution  containing  about  128  grams  of  acid  was 
neutralised  with  316  grams  of  cinchonidine;  on  evaporating  and 
cooling,  159  grams  of  crystalline  salt  separated,  that  is  to  say,  more 
than  a  third  of  the  total  quantity  present.  The  salt  thus  obtained 
was  repeatedly  recrystallised,  the  increase  of  activity  after  each  re- 
crystallisation  being  observed  by  decomposing  2  grams  of  the  dried 
salt  with  ammonia,  evaporating  the  solution  until  nearly  neutral,  and 
then  diluting  it  until  it  exactly  filled  the  200  mm.  tube  in  which  the 
observations  were  taken.  After  three  recrystallisations,  the  quantity 
of  cinchonidine  salt  was  reduced  to  55  grams,  and  the  observed  rota- 
tion of  the  ammonium  salt  had  increased  from  +  3*00°  to  +  3 "85°. 
The  quantity  of  material  did  not  admit  of  the  process  being  carried 
further,  but  judging  from  the  fact  that  on  again  recrystallising  a 
portion  of  it,  only  a  small  increase  of  activity  occurred,  it  appeared 
probable  that  the  maximum  activity  had  been  nearly  reached.  A 
further  crop  of  25  grams  of  similar  activity  was  obtained  from  the 
mother  liquors  remaining  from  the  recrystallisations  ;  a  second  crop 
of  ci-ystals,  on  the  other  hand,  obtained  from  the  original  mother 
liquor,  gave  a  rotation,  as  ammonium  salt,  of  only  +2'15°. 

Calcium  d-Uthoxi/p'opiojiaie. — The  purest  cinchonidine  salt,  weigh- 
ing 70  grams,  was  converted  into  calcium  salt  by  removal  of  the 
cinchonidine  with  ammonia,  treatment  of  the  ammoniacal  solution 
with  calcium  hydroxide,  and  removal  of  the  excess  of  the  latter  with 
carbonic  anhydride.  The  salt,  which  seemed  to  be  more  soluble  than 
the  inactive  form,  separated  from  a  concentrated  solution,  on  cooling, 


ALKYLOXYPROPIONIC  ACIDS.  865 

in  the  form  of  microscopic,  flat  prisms  or  needles.     An  .analysis  showed 
that,  like  tlie  inactive  salt,  it  contained  2H.2O. 

Found,  1120  =  11-42,  Ca  (in  salt  dried  at  120— 140°)  =14-54  percent. 
Calculated  for  CjoHisO^Ca  +  2H,0,  11,0  =11-61;  Ca  =  14-60  per  cent. 

A  recrystallised  specimen  gave  the  numbers  11-60  and  14-75. 
Determinations  of  specific  rotation  gave  the  following  results  for  the 
anhydrous  salt,  c  =  10-375,  [0]^=  +  42-55°  ;  c  =  4-15,  [a]„=  +  45-66°. 
It  was  found  impossible  to  raise  the  activity  of  the  calcium  salt  by 
crystallisation ;  three  successive  crops  from  the  same  solution,  and 
one  of  these  after  recrystallisation,  all  showed,  for  corresponding 
concentration,  practically  the  same  specific  rotations  as  those  quoted, 

d-Ethoxy propionic  Acid. — The  acid  was  obtained  from  the  calcium 
salt  by  precipitating  with  potassium  carbonate,  evaporating  the  solu- 
tion of  the  potassium  salt  to  a  syrup,  acidifying  with  dilute  sulphuric 
acid,  and  extracting  with  ether.  Determinations  of  the  specific 
rotation  of  aqueous  solutions  gave  the  results  which  follow,  the  con- 
centrations being  found  by  means  of  standard  alkali,  and  the 
temperature  of  observation  being  15^;  c  =  25-812,  [a]D= +53-83; 
c  =  10-325,  [a]D=  +52-01°;  c  =  5-162,  [aj^^  +52-11°. 

Sodiuvi  (\-Ethoxi/p'opionate. — The  acid  was  converted  into  sodium 
salt  by  exact  neutralisation  with  sodium  hydroxide  solution,  and  the 
concentrations  of  the  aqueous  solutions  used  for  the  following  deter- 
minations of  specific  rotation  at  15°  were  found  by  evaporating  aliquot 
portions  and  drying  the  residue  at  110°;  c  =  12-141,  [0]^=  +45-88°; 
c  =  4-857,  [a]i,=  +45-91°,  Estimations  of  sodium  in  the  dried  re- 
sidues by  conversion  into  sulphate  gave  16-58  and  16-48,  the  calculated 
percentage  being  16*48. 

Silver  d-EthoxT/jyrojnonate. — The  silver  salt  was  made  by.  neutralising 
the  aqueous  solution  of  the  acid  with  silver  carbonate ;  like  the 
inactive  salt,  it  is  readily  soluble  in  hot  water,  much  less  so  in  cold, 
and  it  crystallises  well  in  the  form  of  a  felted  mass  of  needles.  The 
salt  dried  over  sulphuric  acid  was  found  to  contain  47-98  per  cent,  of 
silver,  and  a  combustion  gave  the  following  results. 

Found C  =  26-41;  H  =  4-20;  Ag  =  47-90  per  cent. 

Calculated  C  =  26-67  ;  H  =  4-00  ;  Ag  =  48-00 

A  solution  saturated  in  the  cold  showed  the  following  specific 
rotation:  Z  =  4,  c=  1-98,  a=  +2-25°,  hence  [0]^=  +  28-41°. 

l-Ethoxyjyrojnonic  Acid. — An  attempt  was  made,  but  without  success, 
to  isolate  Z-ethoxypropionic  acid  from  the  original  mother  liquor  of  the 
cinchonidine  salt  which  had  given  the  dextro-acid.  This  liquor  still  con- 
tained a  large  proportion  of  the  latter  acid  which  it  was  impossible 
to  eliminate    by  crystallisation;    the  cinchonidine  was  therefore  re- 
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moved  by  ammonia,  and  the  whole  converted  into  calcium  salt,  which 
was  subjected  to  prolonged  and  systematic  fractional  crystallisation  in 
the  hope  that  the  inactive  salt  might  be  mostly  i'emoved  by  its  smaller 
solubility.  A  large  proportion  of  feebly  active  salt  was  in  fact  thus 
eliminated,  but  the  most  Isevorotatory  crop  obtained  had  a  specific 
rotation  of  only  —32  "8°,  the  rotation  found  for  the  dextro-salt  under 
similar  conditions  being  +42'55°.  The  attempt  to  obtain  the  pure 
lajvo-acid  by  this  method  was  therefore  abandoned. 

Resolution  of  EthoxTji^ropionic  Acid  with  Morphine. 

Experiments,  made  by  neutralising  the  most  active  acids  obtained 
as  above,  showed  that  the  morphine  salt  of  the  Irevo-acid  was  giimmy, 
and  had  but  little  tendency  to  ci-ystallise,  whilst  that  of  the  dextro- 
acid  crystallised  readily  in  short  prisms.  These  experiments  also 
proved  that  the  dextro-acid  prepared  by  means  of  cinchonidine  was 
probably  not  far  from  pure,  the  treatment  with  morphine  having 
raised  the  specific  rotation  of  its  calcium  salt  only  from  +45*66'^  to 
+  47-52°  (c  =  4-03). 

In  preliminaiy  experiments  on  the  resolution  of  the  inactive  acid, 
we  found  that  the  dextro-form  could  be  obtained  by  crystallisation 
either  from  aqueous  or  slightly  acid  alcoholic  solution,  but  as  the 
latter  method  gave  a  better  result,  it  was  employed  for  the  resolution 
on  a  larger  scale. 

A  quantity  of  inactive  acid,  which  required  165  grams  of  morphine 
for  neutralisation,  was  dissolved  in  200  grams  of  dry  methylated 
spirit ;  the  alkaloid  was  dissolved  in  the  boiling  liquid,  and  then  a 
slight  excess  of  acid  added.  Concentration  of  the  solution  is  undesir- 
able, owing  to  the  darkening  of  the  liquid  on  prolonged  heating.  On 
cooling  the  solution,  the  salt  crystallised  at  once ;  two  successive  crops 
were  removed  and  dried.  To  test  the  activity  of  those  and  subsequent 
crystallisations,  the  same  method  was  always  employed  ;  1  "5  grams  of 
tho  salt  was  decomposed  with  ammonia,  and  the  solution  was  freed  as 
far  as  possible  from  small  quantities  of  dissolved  morphine  by  evapora- 
tion ;  the  nearly  neutral  filtei'ed  solution  was  then  diluted  so  as  just  to 
fill  the  200  mm.  tube.  The  observations  were  as  follows :  1st  crop 
130  grams,  + 1-83° ;  2ndcrop,13  grams,  4-l-15'^;  \st  recrystallisation 
of  these  two  crops  mixed,  72  grams,  +  3*37° ;  2nd,  53  grams,  +  3-57°  ; 
3rd,  35  grams,  +3-42°,  and  another  crop  from  the  same  solution, 
8-5  grams,  -f3-52°  Tho  recrystallisations  must  be  conducted  in 
aqueous  solution,  as  the  alcoholic  solutions  of  the  neutral  morphine 
salt  dissociate  on  heating,  much  morphine  being  precipitated.  The 
maximum  activity  obtainable  by  crystallisation  had  evidently  been 
reached,  but  the  yield  of  active  material  was  small.    The  recrystallised 
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morphine  salt,  in  all  39  grams,  was  decomposed  with  ammonia,  and 
after  removal  of  the  morphine,  tho  solution,  which  was  kept  just 
faintly  alkaline,  was  concentrated,  filtered  from  traces  of  alkaloid, 
acidified  with  sulphv;ric  acid,  and  shaken  with  ether. 

The  J-ethoxypropionic  acid  obtained  from  the  ethereal  solution  was 
converted  into  calcium  salt  by  neutralisation  with  calcium  carbonate, 
and  an  analysis  of  the  salt  dried  at«110°gav8  14"66  per  cent,  of  calcium 
instead  of  tho  calculated  number  14*60.  This  salt  was  used  for  the 
specific  rotations  wliich  are  quoted  below,  and  from  it  were  prepared 
the  acid,  and  the  sodium  and  barium  salts  of  which  the  specific  rota- 
tions are  also  given.  The  acid  was  obtained  from  the  calcium  salt  as 
a  syrup  in  the  manner  previously  described,  but  tho  attempt  to  free  it 
from  water  was  not  made,  as  this  could  only  have  been  done  by 
distillation,  which  would  probably  have  caused  decomposition  or 
racemisation.  The  combustion  of  the  silver  salt  made  from  it,  quoted 
below,  affords  evidence  of  its  purity.  The  sodium  and  barium  salts 
were  made  from  the  acid  in  the  usual  manner.  The  former  remains  in 
the  form  of  a  gum  when  its  solutions  are  evaporated,  which,  however, 
becomes  an  amorphous  solid  on  being  dried  at  100 — 110°;  an  estima- 
tion of  sodium  gave  16  "53  per  cent,  instead  of  the  calculated  number 
16-43.  The  solution  of  the  barium  salt  also  leaves  a  gum  when 
evaporated,  which  on  heating  dries  up  to  an  amorphous  solid.  An 
estimation  of  barium  gave  the  number  36*96,  the  calculated  percentage 
being  36'93.  Finally,  the  acid  was  recovered  from  tho  solutions  of 
the  salts  by  acidification  and  extraction  with  ether.  The  crystalline 
silver  salt  prepared  from  it  gave  the  following  results  on  combustion. 

Found C  =  26-60;  H  =  4'15;  Ag  =  47-95  per  cent. 

Calculated  C  =  26-67  ;  H  =  4-00  ;  Ag  =  48-00 

The  original  mother  liquor  of  the  morphine  salt,  from  which  the 
dextrorotatory  acid  was  obtained,  gave  a  Isevorotatory  acid  mixed 
with  much  inactive  acid,  which  it  seemed  impossible  to  remove. 

The  concentrations  of  the  solutions,  used  in  the  polarimetric  observa- 
tions given  below,  were  found  in  the  case  of  the  acid  by  means  of  a 
decinormal  solution  of  sodium  hydroxide,  and  in  the  case  of  the  salts 
by  evapoi-ating  known  volumes  of  them  to  dryness,  and  estimating 
the  metal  in  the  residue.  The  numbers  refer,  of  course,  to  the 
anhydi-ous  compounds  ;  the  letter  N  signifies  normal.  The  more  dilute 
solutions  were  prepared  by  suitable  dilution  of  the  most  concentrated. 
The  observations  on  the  silver  salt  are  given  for  comparison,  although 
it  was  made  from  the  somewhat  less  active  acid  obtained  with  the  aid 
of  cinchonidine. 
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A-EtJioxyjyi'ojnonic  Acid. 
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29-374 

11-750=     N.  nearly. 
5-875  =  JN.      ,, 
2-350  =  4  N.      ,, 

1 
2 
1 
2 

+  16-73° 

12-76 

3-18 

2-50 

+  56-96° 
54-30 
54-13 
53-19 

+  67-21° 
64-07 
63-87 
62-76 

Sodium  salt. 

(M=UO) 
(i!  =  10— 11°) 

17-965 
7-186  =  i  N.  nearly. 
3-593  =  1  N.       ,, 

1 
2 
2 

+  8-64° 
7-00 
3-53 

+  48-09° 
48-71 
49-12 

+  67-33° 
68-19 
68-77 

Barium  salt. 

(i;=i4— 15°) 

19-3625 
7-7450 
3-8725 

2 
2 

2 

+  13-27° 
5-64 
2-85 

+  34-27° 
36-41 
36-80 

+  63-57° 
67-54 
68-26 

Calcium  salt. 
(J/=^F) 

(<=io-ir) 

26-875  =  2  N.  nearly. 
10-750  =  4  N.      ,, 
5-375  =  4  N.      ,, 

1 

1 
2 

+  10-32° 
5-01 
5-20 

+  38-40° 
46  60 

48-37 

+  52-61 
63-84 
66-27 

Silver  salt. 
(if=225) 

1-980 

4 

+  2-25° 

+  28-41° 

+  63-92° 

Sodium  salt  in 
alcohol. 

(<  =  11— 12°) 

18-138 
6-046 
3-6275 

2 
2 
2 

+  5-36° 
2-98 
2-19 

+  14-78° 
24-64 
30-19 

+  20-69° 
34-50 
42-27 

Preparation  of  Inactive  a-MetJioxi/p'opionic  Acid. 

Schreiner  succeeded  in  preparing  pure,  inactive  ethylic  methoxy- 
propionate  from  ethylic  bromopropionate.  We  thought  it,  however, 
safer  to  use  methylic  a-bromopropionate  as  the  starting  point,  in  order 
to  avoid  any  risk  (compare  Trans.,  1888,  53,  391)  of  the  formation  of 
the  ethoxy-compound. 

The  details  of  tlie  preparation  were  the  same  as  in  the  case  of  the 
ethoxy-compound,  except  that  the  mixture  of  bromo-ethereal  salt  with 
the  methoxide  was  heated  to  complete  the  reaction,  and  that,  the 
liquid  being  then  neutral,  the  passage  of  carbonic  anhydride  through 
it  was  omitted. 

The  yield  of  methoxypropionate  was  small,  only  186  grams  of  it, 
boiling  at  130 — 135°,  being  obtained  from  500  grams  of  bromo- 
propionate, that  is  to  say,  about  53  per  cent,  of  the  calculated  yield. 
The  boiling  point,  according  to  Markownikoff  and  Krestownikoff,  is 
135— 13ii°  {Annalen,  1881,  208,  343).     The  presence  of  water  could 
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not  be  the  cause  of  the  small  yield,  as  the  methylic  alcohol  was  dried 
with  barium  oxide  before  use.  The  acid  was  obtained  from  the 
ethereal  salt  in  the  same  way  as  the  ethoxy-compound.  A  portion  of 
it,  having  been  neutralised  with  calcium  carbonate,  left  on  evaporation 
a  residue  which,  when  dried  at  110'^,  contained  1621  per  cent,  of 
calcium.  The  calculated  number  for  calcium  methoxypropionate  is 
16-26. 

Preliminary  experiments  on  the  inactive  acid  showed  that  the 
strychnine  salt  crystallised  only  from  solutions  of  gummy  consistency, 
and  that  the  quinine  salt,  although  it  crystallised  readily,  did  not 
effect  resolution  ;  the  neutral  quinidiue  salt  was  deposited  in  long, 
fibrous  needles  from  aqueous  solutions  of  syrupy  consistency ;  7  grams 
of  these  crystals  gave  an  ammonium  salt  solution,  which,  when 
evaporated  so  as  to  fill  a  200  mm.  tube,  showed  the  rotation  -0'61°, 
and  the  mother  liquor,  similarly  treated,  gave  the  rotation  +0'98°. 
The  cinchonidine  salt  crystallised  from  moderately  concentrated 
aqueous  solution  in  bundles  of  long  needles,  which  were  recrystal- 
lised  four  times,  and  thus  reduced  to  aboiit  one-eighth  of  the 
original  quantity ;  2  grams  of  this,  converted  into  ammonium 
salt  and  examined  as  above,  gave  the  rotation  -2"27°.  Am- 
monium and  calcium  salts  from  the  oi-iginal  mother  liquor  were 
dextrorotatory.  The  resolution  in  the  case  of  both  these  alkaloids 
was  very  imperfect. 


Resolution  of  a-Methoxyproinonic  Acid  with  MorijMne. 

An  aqueous  solution  of  the  acid  neutralised  with  morphine  gives,  on 
evaporation  and  long  standing,  only  a  gummy  salt.  In  nearly  neutral 
alcoholic  solution,  a  crystalline  deposit  is  readily  obtained  in  the  form 
of  short  prisms,  consisting  mainly  of  the  salt  of  the  Isevo-acid.  A 
half-neutralised  solution  gives  the  same  result,  but  the  quantity  of 
salt  obtained  is  less.  Under  certain  conditions,  however,  the  deposit 
from  the  neutral  solution  contains  only  inactive  acid,  which  is 
probably  due  to  the  formation  of  a  imrticdly  racemic  salt  {Ber.,  1898, 
31,  937,  1969).  Thus  in  one  of  our  experiments,  after  removing  two 
crops  of  crystals,  which  consisted  mainly  of  the  salt  of  the  la;vo-acid, 
the  mother  liquor,  which  now  contained  the  dextro-acid  in  large 
excess,  gave  a  third  crop  containing  only  inactive  acid,  and  this  crop, 
on  recrystallisation,  although  the  solution  was  sown  with  a  nucleus  of 
the  salt  of  the  Ifevo-acid,  again  yielded  nothing  but  inactive  acid. 
The  same  phenomenon  was  observed  in  the  following  experiment  on  a 
larger  scale. 
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A  hot  alcoholic  solution  of  the  acid  was  neutralised  by  adding 
158  grams  of  morphine.  On  cooling,  a  large  crop  of  crystals  was 
deposited,  weighing  150  grams  when  dry;  the  acid  from  this  was 
found  to  be  inactive.  By  recrystallisation,  the  quantity  of  salt 
was  reduced  to  114  grams,  but  the  acid  from  this  was  only  slightly 
lasvorotatory.  The  whole  of  the  salt  was  then  returned  to  the  original 
mother  liquor,  and  after  filtering  off  some  morphine  which  did  not 
dissolve,  it  was  crystallised  from  more  dilute  alcoholic  solution ; 
resolution  had  now  occurred.  1'5  grams,  examined  as  ammonium 
salt  in  a  200  mm.  tube,  gave  the  rotation  -2'25°,  and  a  second 
small  crop  contained  acid  of  nearly  the  same  activity.  This  salt 
was  then  recrystallised  three  times  from  alcohol,  the  test  experi- 
ments giving,  in  order,  the  rotations  -  3-20°,  -  3-45°,  -  3-40.  The 
resolution  had  reached  its  limit,  and  we  accordingly  used  this 
material  for  obtaining  the  Itevo-acid,  the  observations  on  which  are 
given  below. 

The  original  mother  liquor  of  the  salt  of  the  lisvo-acid  gave  a 
crystalline  morphine  salt  which  yielded  a  dextrorotatory  acid,  but  the 
activity  of  the  acid  increased  so  slowly  on  recrystallising  the  salt, 
that  the  preparation  of  the  pure  dextro-acid  by  this  method  had  to  be 
abandoned. 

The  morphine  salt  of  the  Irevo-acid,  which  gave  the  rotation  -  3'40°, 
was  converted  into  the  acid,  and  into  calcium  and  sodium  salts  in  the 
same  way  as  in  the  case  of  ethoxypropionic  acid.  The  acid  was  a  syrup  ; 
the  calcium  salt  was  apparently  more  soluble  than  the  corresponding 
ethoxypropionate,  its  solution  on  concenti-ation  giving  a  jelly-like, 
transparent  mass  which  solidified  on  further  evaporation.  An  estimation 
of  calcium  as  sulphate  gave  15'99  per  cent,  of  calcium  instead  of  the 
calculated  number,  16 '2 6.  The  sodium  salt  resembled  the  ethoxy- 
compound  ;  the  percentage  of  sodium  found  in  it,  estimated  as  sulphate, 
was  18'38,  the  calculated  number  being  18*25.  Some  of  the  acid 
which  was  finally  recovered  from  the  salts  was  converted  into  silver 
salt  by  neutralisation  with  silver  carbonate  ;  it  crystallised  in  needles 
on  cooling  the  hot  solution.  The  percentage  of  silver  in  it  Avas  found 
to  bo  51  "01,  and  it  gave  the  following  results  on  combustion. 

Found C  =  22-86;  H  =  3-36;  Ag  =  50-95  per  cent. 

Calculated  0  =  22-75;  H  =  3-32;  Ag  =  5M8 

The  solutions  used  for  the  following  polarimetric  observations  were 
prepared,  and  their  concenti'ations  were  determined  in  the  manner 
indicated  under  ethoxypropionic  acid. 
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VMethoxyjn'ojnonic  A cid. 


Acid.* 

(jl/=104) 

(i!=12— 13°) 


Sodium  salt. 
(J/=126) 


Calcium  salt. 
(t  =  10°) 


13-475 

5-390=  i  N.  nearly. 
2-605  =  1  N.      „ 

16-530 

6-613=1  N.  nearly. 
3-306  =  JN.      ,, 

9 -530  =  I N.  nearly. 

4-765  =  -fN. 


7 

a 

1 

-9-58° 

2 

7-59 

2 

3-79 

1 

-8-17° 

2 

6-72 

2 

3-44 

1 

-3-63 

2 

4-14 

[a]i 


[a]..-V 


M 


]00 


-73-93° 
73-23 
73-12 

•62-28° 
64-02 
65-56 

■46-85° 
53-43 


See  reference  to  these  observations  on  the  free  acid,  p.  876. 


Pre2')ciration  of  Inactive  Propoxypro2nonic  Acid. 

The  propylic  salt  of  this  hitherto  unknown  acid  was  prepared  by 
the  action  of  a  solution  of  sodium  propoxide  on  propylic  a-bromopro- 
pionate.  The  method  which  gave  the  best  results  was  as  follows. 
Two  hundred  grams  of  the  bromopropionate  were  added  gradually  to  a 
hot  solution  of  26  grams  of  sodium  in  400  grams  of  pi-opylic  alcohol. 
When  the  calculated  quantity  of  sodium  was  used,  some  bromopro- 
pionate remained  unaltered.  The  mixture  having  been  heated  for  an 
hour,  a  current  of  carbonic  anhydride  was  passed  through  it ;  water 
was  then  added,  and  the  oil,  which  separated  readily,  was  distilled 
fractionally  after  being  dried  with  potassium  carbonate.  The  fractions 
boiling  at  186 — 190°,  which  contained  the  propylic  propoxypropionate 
and  were  used  for  our  experiments,  amounted  to  only  55  per  cent,  of 
the  calculated  yield.  The  liquid  boiled  mostly  at  187 — 188°,  and  an 
analysis  of  this  portion  gave  the  following  results. 

Found:    I.  C  =  61-78;  H  =  10-96  per  cent. 
11.  C  =  61-86;  H=  10-74 

Calculated,  C  =  62-07  ;  H  =  10-34  per  cent. 

A  gummy  substance  which  separated  from  the  ethereal  salt  in  the 
course  of  distillation  was  found  to  be  an  alkaline  salt  of  propoxypro- 
pionic  acid.  A  calcium  salt,  made  from  it,  contained  13 '22  per  cent, 
of  calcium;  the  calculated  percentage  is  13*25.     The  acid,  which  was 


872  PURDIE   AND   LANDER:   OPTICALLY   ACTIVE 

obtained  from  the  ethereal  salt  as  in  the  previous  cases,  is  less  soluble 
in  water  than  the  other  two  acids,  and  separates  at  once  as  an  oil  on 
adding  dilute  sulphuric  acid  to  a  concentrated  solution  of  the  potas- 
sium salt.  The  calcium  salt,  which  is  also  much  less  soluble  in  water 
than  the  corresponding  methoxy-  and  ethoxy-salts,  crystallises  in 
scaly  plates  containing  2H2O,  which  is  lost  at  105°.  Analysis  gave  the 
following  results. 

Found  :     I.  H^O  =  10-37  ;  Ca  (in  dry  salt)  =  13-21  per  cent. 
11.  H^O^  10-41;  Ca=  13-24  per  cent. 
Calculated  for  G\^^f>QQs.  +  2H2O  ;  H2O  =  10-65  ;  Ca  =  13-25  per  cent. 

The  silver  salt,  made  by  neutralising  the  acid  with  silver  carbonate, 
crystallises  in  fine  needles  sparingly  soluble  in  cold  water.  An  esti- 
mation of  silver  gave  Ag  =  45-26  per  cent.  The  results  obtained  by 
combustion  were  as  follows. 

Found C  =  30-14;  H  =  5-05;   Ag  =  45-45  percent. 

Calculated  C  =  30-13;  H  =  4-60;  Ag  =  45-19 

The  barium  salt  is  a  gum  ;  the  strontium  and  magnesium  salts  are 
crystalline,  the  former  crystallising  in  long,  flat  prismS;  the  latter  in 
feathery  aggregates.  Solutions  of  the  copper  and  cadmium  salts 
leave  gums  on  evaporation. 

The  salts  of  cinchonine  and  quinidine  were  found  to  be  gums ;  that 
of  strychnine  crystallised,  but  only  from  a  veiy  concentrated  solution. 
The  cinchonidine  salt  crystallised  from  a  concentrated  aqueous  solu- 
tion, and  resembled  the  corresponding  salts  of  the  other  two  acids,  but 
resolution  was  effected  to  only  a  very  slight  extent.  A  neutral  solu- 
tion containing  110  grams  of  the  alkaloid  gave  a  crop  of  53  gi"ams ; 
on  testing  2  gx-ams  of  this  by  conversion  into  ammonium  salt,  as  before, 
the  rotation  was  only  -  0-33°,  and  it  rose  very  little  on  recrystallisation. 
The  salt  from  the  original  mother  liquor,  similarly  tested,  gave  a 
small  dextrorotation. 

Resolution  of  Pro2yoxypropionic  Acid  with  Moi'phine. 

As  in  the  case  of  methoxypropionic  acid,  this  salt  could  not  be  made 
to  crystallise  from  water.  A  first  attempt  to  crystallise  it  from 
alcohol  was  also  unsuccessful ;  on  allowing  the  alcohol  to  evaporate 
over  sulphuric  acid,  nothing  but  morphine  crystallised  out.  On  filtering 
off  the  alkaloid,  however,  and  adding  benzene,  a  hard  crust  of  prismatic 
crystals  was  deposited,  which  proved  to  be  the  salt  of  the  dextro-acid. 
After  repeated  trials,  wo  found  that,  by  adding  the  alkaloid  to  a  more 
concentrated  hot  alcoholic  solution  of  the  acid,  the  latter  being  care- 
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fully  kept  in  slight  excess,  the  precipitation  of  morphine  was  avoided, 
and  resolution  was  effected  without  the  use  of  benzene,  the  salt  of  the 
dextro-acid  being  also  first  deposited  in  this  case.  Using  100  grams 
of  alcohol  (methylated  spirit)  for  every  85  gi-ams  of  morphine,  nearly 
a  half  of  the  total  neutral  salt  present  crystallised  quickly,  on  cooling, 
in  the  form  of  six-sided  plates ;  the  salt  was  recrystallised  from  water. 
The  following  numbers,  giving  the  weights  of  salt  deposited  on 
successive  recrystallisations,  and  the  corresponding  I'otations  shown 
by  the  ammonium  salt  solutions  from  1-5  grams  morphine  salt  in  the 
200  mm.  tube,  will  show  the  progress  of  the  resolution. 

1st  crop  139  grams;  rotation,  +2-08° 

1st  recrystallisation   107      ,,  ,,           +3"03 

2nd              „                85      „  „           +3-35 

3rd               „                62      „  „           +3-50 

4th               „               38      „  „          +3-75 

The  quantity  of  material  would  not  admit  of  the  recrystallisation 
being  carried  fui-ther,  and  the  salt  showing  the  rotation  +3'7°  was 
accordingly  used  for  preparing  the  dextro-acid  on  which  our  observa- 
tions were  made.  We  think  the  acid  was  not  far  from  its  maximum 
activity. 

The  acid  obtained  from  the  original  mother  liquor  of  the  morphine 
salt  was  Isevorotatory,  but  it  was  mixed  with  so  much  inactive  acid 
that  it  was  impossible  to  purify  it. 

The  (Z-propoxypropionic  acid  was  obtained  from  the  morphine  salt, 
and  its  calcium  and  sodium  salts  were  prepared  in  the  same  way  as  in 
the  case  of  the  other  two  acids.  The  acid  is  a  syrup,  less  soluble  in 
water  than  its  ethoxy-homologue.  The  calcium  salt,  in  appearance, 
resembles  the  corresponding  ethoxypropionate,  but  it  is  less  soluble  in 
water.  An  estimation  of  calcium  in  the  salt,  dried  at  110*^,  gave 
Ca  =  13-31,  the  calculated  number  being  13-25.  The  sodium  salt  is 
like  the  same  salt  of  the  other  two  acids.  When  dried  at  115°,  it 
contained  1501  per  cent,  of  sodium,  the  calculated  percentage 
being  14-94. 

The  acid  was  finally  recovered  from  the  salts,  and  part  of  it  converted 
into  the  silver  salt ;  this  is  deposited  in  masses  of  felted  needles  on 
cooling  a  hot  aqueous  solution.  A  combustion  was  made  with  the 
following  result. 

Found C  =  29-98;  H  =  4-67;  Ag  =  45-30  per  cent. 

Calculated  C  =  30-13;  H  =  4-60;  Ag  =  45-19 

The  solutions  employed  for  the  following  observations  were  prepared 
as  previously  indicated. 
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d-Propoxj/propionic  Acid. 


r 

I 

a 

[«]d 

r   1     ^^^ 

Acid. 

11-450 

1 

+  6-37° 

+  55-63° 

+  73-43° 

(3f=  132) 
(<  =  10°) 

4-580 

2 

5-00 

54-58 

72-05 

2-290 

2 

2-50 

54-58 

72-05 

Sodium  nail. 

30-750  =  2  N.  nearly. 

1 

+  15-05° 

+  48-94° 

+  75-36° 

(Af=154) 
(i!=ll— 12°) 

12-300  =  4  N.      ,, 

2 

12-46 

50-65 

78-00 

4-920  =  ^^  N.    ,, 

2 

5-06 

51-42 

79-19 

2-460  =  ^\N.     „ 

2 

2-53 

51-83 

79-82 

Calcium  salt. 

12-010  =  4  N.      ,, 

1 

+  5-83 

+  48-54° 

+  73-29° 

6-005  =  1  K      ,, 

2 

6-09 

50-71 

76-57 

Discussion   of    Results. 

Chr.  Winther  has  propounded  an  ingenious  theory  of  the  resolution 
of  racemic  compounds  {Ber.,  1895,  28,  3000),  in  which  he  endeavours 
to  show  precisely  how  the  relative  configurations  of  an  alkaloid  and 
the  two  oppositely  active  forms  of  an  acid  determine  the  different 
solubilities  of  the  two  salts  produced  by  their  combination.  It  follows 
as  a  deduction  from  the  theory,  that  the  alkaloids  are  divisible  into  two 
classes,  according  as  they  form  the  less  soluble  salt  with  one  or  other 
of  the  oppositely  active  forms  of  an  acid,  and  that  active  acids  (dextro- 
or  Isevo-,  as  the  case  may  be)  possessing  similar  configuration  will 
behave  similarly,  with  respect  to  the  solubility  of  their  salts,  towards 
the  members  of  each  class  of  alkaloids.  Thus  quinine,  quinicine,  quini- 
dine,  strychnine,  and  brucine,  when  used  for  the  resolution  of  the  racemic 
forms,  will  precipitate  c?-tartaric  acid  and  acids  of  corresponding 
configuration ;  cinchonine,  cinchonidine,  cichonicine,  and  morphine, 
on  the  other  hand,  will  precipitate  the  oppositely  configured  forms. 

The  results  of  our  experiments  on  the  resolution  of  the  alkyloxy- 
propionic  acids  are  well  adapted  to  test  the  validity  of  these  conclusions, 
for  the  acids  are  alike  in  constitution ;  their  relative  configuration  is 
known,  the  similarly  active  acids  having  similar  configuration ;  *  and 

*  The  production  of  small  quantities  of  ethereal  alkyloxypropionates  in  the 
preparation  of  ethereal  lactates  from  silver  lactate  raises  the  activity  of  the  product, 
hence  the  ethereal  alkyloxypropionates  and  lactates  of  similar  rotation  have  the 
same  configuration,  assuming,  as  is  probable,  that  no  change  of  configuration  occurs 
in  the  course  of  the  reaction  referred  to. 
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finally,  as  monobasic  acids,  their  alkaloid  salts  are  exempt  from  the 
abnormal  solubilities  which,  according  to  Winther's  thoory,  may  be 
exhibited  by  the  normal  salts  of  unsymmetrical  dibasic  acids. 
Our  results  may  be  tabulated  as  follows, 

Cinchonidine.  Morphine.         QuiuiJine. 
Methoxy-acid      ...          ...           —  —  - 

Ethoxy-acid         ......+  + 

Propoxy-acid      ...  ...  -  + 

the  signs  +  and  —  indicating  which  of  the  two  forms  of  each  acid, 
dextro-  or  Isevo-,  yields  the  less  soluble  salt  of  the  alkaloid  heading  the 
column.  It  is  evident  that  the  results  do  not  at  all  accord  with  the 
conclusions  from  the  theory,  for  in  that  case  all  the  signs  in  the  first 
two  columns  should  be  the  same,  and  that  under  quinidine  different 
from  the  others, 

Winther  proposes  to  use  his  theory  as  a  means  of  discovering  the 
configuration  of  active  compounds.  The  method,  considering  the 
uncertain  basis  of  the  theory,  is  certainly  hazardous,  as  E.  Fischer  has 
already  pointed  out  {Ber.,  1896,  29,  1379),  and  we  may  take  this  oppor- 
tunity of  indicating  some  erroneous  results  to  which  it  leads.  Winther 
{loc.  ci^.,  p..3Q12)  concludes,  from  the  behaviour  of  the  alkyloxysuccinic 
acids  with  alkaloids,  that  the  Isevo-  forms  of  these  acids  have  the  same 
configuration  as  fZ-tartaric  acid.*  It  is  true  that,  in  the  first  instance, 
certain  considerations  led  us  to  express  the  view  that  the  (Z-alkyloxy- 
succinic  acids  probably  corresponded  to  ordinary  malic  acid,  and 
therefore,  takings  into  account  the  known  relation  between  the  malic 
and  tartaric  acids  (Bremer,  ^er.,1875,8,  1594),  to  ?-tar tar ic  acid,  which 
accords  with  Winther's  conclusion.  We  have  since  pointed  out, 
however,  (Trans.,  1898,  73,  301)  that  our  opinion  was  incorrect,  for 
ordinary  malic  acid  fgives  the  ^-alkyloxysuccinic  acids,  which  therefore 
correspond  to  Z-tartaric  acid. 

With  regard  to  the  degree  of  accuracy  to  be  attached  to  the  nume- 
rical data  we  have  quoted,  it  must  be  kept  in  mind  that  the  resolutions 
of  the  acidg  were  probably  not  quite  complete,  more  particularly  in  the 
case  of  the  propoxy-acid,  and  that  the  numbers  may,  therefore,  be 
somewhat  too  low.  We  believe,  however,  that  the  error  is  not 
great. 

Referring  to  our  polarimetric  observations,  the  most  striking  point 
is  the  very  great  increase  of  optical  activity  which  attends  the  replace- 
ment of  the  alcoholic  hydrogen  of  lactic  acid  by  an  alkyl  group.  As 
there  is  no  change  of  sign  of  rotation  in  passing  from  the  lactates  to  the 

*  The  sign  d-  has  been  prefixed  to  the  alkyloxy-acids  on  p.  3013  in  "Winther's 
paper,  evidently  in  mistake  for  I- ;  similarly  in  the  table,  p.  3010,  under  the  heading 
strychnine,  I-  should  be  prefixed  to  methoxysuccinic  acid  instead  of  cl-. 

3    N    2 
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alkyloxypropionates,  the  effect  of  the  introduction  of  the  alkyl  group 
may  be  seen  by  comparing  the  molecular  rotations  of  the  alkali  salts 
in  dilute  solution.  The  molecular  rotation  of  the  lactic  acid  ion  is 
about  14*5°;  that  of  sodium  ethoxypropionate  in  about  N/4  solution  is 
68'77°.  A  comparison  of  the  ethereal  lactates  and  alkyloxypropionates, 
observations  on  which  we  hope  to  publish  shortly,  shows  a  still  greater 
increase  of  activity,  as  does  also  a  comparison  of  the  free  acids,  in 
which  a  change  of  sign  attends  the  substitution.  The  replacement  of 
hydrogen  by  an  alkyl  group  produces,  in  fact,  a  greater  rise  of  rotation 
than  its  replacement  by  an  acid  radicle,  such  as  acetyl,  or  the  substi- 
tution of  chlorine  or  bromine  for  hydroxyl.  Similarly,  the  conversion 
of  malic  into  alkyloxysuccinic  acids  produces  a  striking  rise  of  optical 
activity. 

Increase  in  the  weight  of  the  introduced  alkyl  group  produces,  as 
might  be  expected,  a  very  much  smaller,  although  distinct,  rise  of 
molecular  rotation,  the  numbers  found  in  the  most  dilute  solutions  of 
the  sodium  salts  being  in  the  order  of  increasing  molecular  weight 
65-56°,  68-77°,  79-82°.  The  molecular  rotations  of  the  calcium  salts 
in  solutions  of  equivalent  concentration  stand  in  the  same  order,  as  do 
also  those  of  the  free  ethoxy-  and  propoxy-acids.  The  molecular  rota- 
tion of  the  fi-ee  methoxy-acid,  on  the  other  hand,  is  slightly  higher 
even  than  that  of  the  propoxy-acid  at  equivalent  concenti-ation.  We 
cannot,  however,  at  present  attach  any  significance  to  the  observations 
made  on  the  free  methoxy-acid.  Being  struck  with  its  exceptional 
behaviour,  we  recovered  the  acid  fi-om  its  salts,  and  redetermined  its 
rotation,  and  also  that  of  the  calcium  salt  made  from  the  recovered 
acid.  We  then  found  that  the  specific  rotation  of  the  acid  had  risen 
greatly,  namely,  from  -  70-31°  to  -104-46°,  but  the  rotation  of  the 
calcium  salt  did  not  differ  materially  from  that  previously  found. 
The  ethoxy-acid,  which  was  also  recovered  from  its  salts,  showed  no 
anomaly  of  ^this  kind.  We  are  preparing  larger  quantities  of  the 
methoxy-acid  for  futher  investigation. 

It  will  be  seen  that  the  rotations  of  the  salts  rise  with  dilution,  and 
in  general  confirm  the  validity  of  the  law  of  Oudemans  and  Landolt. 
The  molecular  rotations,  for  example,  of  the  sodium,  barium,  calcium, 
and  silver  ethoxypropionates,  in  the  most  dilute  solutions  examined, 
are  respectively  68-77°,  68-26°,  66-27°,  63-92°.  The  silver  salt,  as 
already  stated,  was  made  with  a  somewhat  less  active  acid  than  the 
other  salts.  The  rotations  of  the  free  acids,  on  the  other  hand,  de- 
crease slightly  with  dilution.  The  opposite  behaviour  of  the  salts  and 
acids  on  dilution  of  their  aqueous  solutions  corresponds  with  the  effect 
of  alcohol  on  their  respective  rotations,  this  solvent  causing,  as  might 
be  expected  from  its  influence  on  molecular  association  and  electrolytic 
dissociation,  a  fall  in  the  rotation  of  the  salts  and  a  rise  in  that  of 
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the  acids.  Thus  the  specific  rotation  of  sodium  ethoxypropionate, 
which  in  water  is  49 -1 2  \  becomes  in  alcoholic  solution  at  about  the 
same  concentration,  301 9'-,  whilst  that  of  the  acid  is  raised  from 
54*13°  in  water  to  62*41°  in  a  solution  containing  equal  parts  of  alcohol 
and  water. 

With  regard  to  the  comparative  effect  of  varying  concentration  on 
aqueous  solutions  of  lactic  acid  and  the  alkyloxypropionic  acids,  the 
latter,  which  are  not  subject  to  anhydride  formation  or  other  changes 
attributable  to  the  hydroxy!  group,  should  exhibit  a  more  constant 
rotation.  It  will  be  seen  from  our  observations  on  the  free  acids 
that,  considering  the  high  numbers  representing  their  activity,  the 
changes  on  dilution  are  comparatively  slight.  In  investigating 
the  rotations  of  the  metallic  lactates  (Trans.,  1895,  67,  616),  the 
abnormal  behaviour  of  some  of  the  salts  led  us  to  the  conclusion  that 
their  increase  of  rotation  on  dilution  was  not  to  be  accounted  for  by 
electrolytic  dissociation  alone,  but  was  due  also  to  some  other  factor, 
probably  the  breaking  up  of  complex  molecules,  the  formation  of 
which,  in  concentrated  solution,  might  be  favoured  by  the  hydroxyl 
group.  The  rotation  of  calcium  lactate,  for  example,  is  not  only  much 
less  than  that  of  strontium  and  barium  lactates,  but  on  dilution  shows 
no  signs  of  approaching  the  common  maximum  nearly  reached  by  these 
and  the  alkali  salts.  This  anomaly,  it  will  be  seen,  disappears  in  the 
calcium  alkyloxypi'opionates.  The  behaviour  of  calcium  ethoxy- 
propionate is  quite  similar  to  that  of  the  barium  and  sodium  salts, 
taking  into  account  its  probably  smaller  degree  of  dissociation,  and 
the  same  may  be  said  of  the  propoxy-salt. 

With  regard  to  the  methoxy-acid,  the  molecular  rotation  of  its 
calcium  salt  on  further  dilution  would  also,  no  doubt,  approach  that 
of  its  sodium  salt,  but  it  will  be  seen  that  the  difference  between  the 
rotations  of  the  two  salts  is  much  greater  than  the  difference  between 
the  rotations  of  the  corresponding  salts  of  the  other  two  acids  at 
equivalent  concentration.  This  can  scarcely  be  due  to  calcium  meth- 
oxypropionate  being  much  less  dissociated  than  the  other  two  calcium 
salts,  for,  to  judge  from  methoxy-  and  ethoxy-acetic  acids,  methoxy- 
propionic  acid  ought  to  be  a  stronger  acid  than  its  homologues.  We 
must  therefore  |conclude  that  even  in  the  case  of  these  alkyloxy-acids, 
there  are  other  factors  connected  with  the  solvent,  besides  electrolytic 
dissociation,  which  influence  the  rotation.  This  is  also  borne  out  by  our 
observations  on  sodium  ethoxypropionate  in  alcoholic  solution.  Xot 
only  is  the  rotation  greatly  diminished,  as  we  have  already  stated,  but 
the  increase  on  dilution  is  so  great  that  we  can  scarcely  conceive  it 
to  be  due  to  electrolytic  dissociation  alone. 

We  intend  to  continue  the  investigation  of  alkyloxy-acids,  and  hope 
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shortly  to  publish  the  I'esults  of  observations  on  the  dialkyloxysuccinic 
and  alkyloxyphenylacetic  acids,  which  we  have  already  prepared  and 
partly  examined. 

United  College  of  St.  Salvator  and  St.  Leonakd, 
University  of  St.  Andrews. 


LXXXVII. — Tlie  O'ptical  Activity  of  Gallotannic  Acid. 

By  Otto  Rosenheim,  Ph.D.,  and  Philip  Schidrowitz,  Ph.D. 

Some  twenty-seven  years  ago,  H.  tSchiff  proposed  a  formula  for  gallo- 
tannic acid  which  was  in  accordance  with  all  the  then  known 
properties  of  this  substance,  and  it  was,  therefore,  substantially 
accepted  as  correct.  F.  Giinther's  *  discovery,  since  confirmed  by 
SchifE  {Chem.  Zeit.,  1895,  1860)  and  P.  Walden  {Berichte,  1897,  30, 151), 
that  gallotannic  acid  is  strongly  dextrorotatory,  has,  however,  put 
a  different  complexion  on  the  question  of  its  constitution,  for  in 

OH  OH  OH 

Schiff's    formula,    <^  '^-0-C0-<^  /OH,    the    asymmebrica 

COOH  OH 

carbon  atom  necessary  to  produce  optical  activity  is  absent.  It  must 
therefore  be  assumed  either  that  Schiff's  formula  is  incorrect,  or  that 
we  are  dealing  with  a  substance  which  does  not  conform  to  the  well- 
known  law  of  van't  Hoff  and  Le  Bel.  The  latter  possibility  is  hardly 
worthy  of  serious  consideration,  in  face  of  the  fact  that  every 
substance  possessing  optical  activity — over  700  are  now  known  and 
classified  (Landolt,  Das  oj^tische  Drehungsverm'Ogen  organischer  Suh- 
stanzen,  2  Aujl.) — acts  in  strict  accordance  with  that  law,  and  that 
the  apparent  exceptions  have,  in  every  instance,  been  satisfactorily 
explained.  Glinther  was,  therefore,  more  than  justified  in  suggesting 
that  Schiff's  formula  must  be  wrong.  Schiff  {Chem.  Zeit.,  1896,  865) 
is,  however,  of  opinion  that  his  original  formula  is  more  satisfactory 
than  any  other  in  explaining  the  chemical  properties  of  this  sub- 
stance, but  admits  that  for  the  present  it  is  not  possible  to  con- 
struct a  ketone  formula  containing  an  asymmetrical  carbon. 

More  recently,  P.  Walden  {loc.  cit.)  has  sought  to  explain  this  ab- 

*  Ber.  pharm.  ges.,  1895,  5,  179,  297.  Centralblatt,  1896,  1,  189.  We  note  from 
an  abstract  in  the  Chem.  Zeit. ,  1 898,  583,  that  F.  M.  Flavitzky  claims  to  have  first 
observed  the  optical  activity  of  this  substance. 
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normal  position  of  gallotannic  acid  in  relation  to  van't  Hoff's  theory, 
by  showing  that  so-called  '  pure  gallotannic  acid  '  is  not  pure,  and  he 
succeeded  in  separating  the  '  pure '  gallotannic  acid  of  commerce 
into  several  fractions  possessing  widely  different  rotatory  powers. 

The  authors  have  made  some  investigations  in  this  subject  for  two 
reasons. 

1. — To  ascertain  whether  a  homogeneoics  gallotannic  acid  of  constant 
rotatory  power  exists. 

2. — To  determine  whether  the  optical  properties  of  this  substance 
might  not  be  of  use  for  analytical  purposes. 

As,  for  various  reasons,  we  have  been  compelled  to  interrupt  the 
work  in  this  dii-ection  for  the  present,  it  seemed  advisable  to  commu- 
nicate the  results  obtained  so  far. 

In  the  first  place,  a  number  of  so-called  '  pure '  gallotannic  acids 
have  been  examined,  and  we  can  entirely  contirm  the  observations  of 
Schiff  and  Walden  as  to  the  wide  limits  within  which  this  rotation 
varies,  the  minimum  observed  for  [ajo  being  -1-11°,  and  the 
maximum  -h74:-2°  (Schiff  found  from  -fl4°  to  -1-67°,  and  Walden 
from  -t- 15°  to  -1-67°).  Further,  on  subjecting  these  same  samples  to 
various  processes  of  purification,  we  were  able  to  separate  them  into 
fractions  whose  rotatory  powers  varied  from  [a]D±0°  to  [a]o -1- 75*2°. 
The  results  obtained  by  the  purification  of  tlie  highest  fractions,  together 
ivith  the  quantitative  examination  of  the  yield  in  each  case,  have  forced 
us  to  the  conclusion  that  each  of  the  samjdes  investigated  contains  a  homo- 
geneous gallotannic  acid  possessing  an  opitical  activity  of  approxinuUely 
[a]D  +  75°.  By  employing  the  method  described  below,  we  obtained 
this  substance  from  the  commercial  samples  displaying  the  lowest,  as 
well  as  the  highest,  optical  activity,  and  it  was  not  found  possible, 
although  many  attempts  by  different  methods  were  made,  to  split 
this  up  further  into  fractions  differing  in  their  optical  value. 

In  order  to  obtain  further  proof  of  the  uniform  rotatory  power  of 
pure  gallotannic  acid,  we  prepared  several  derivatives  of  it,  and  sub- 
jected them  to  direct  comparison  with  the  same  derivatives  made 
from  commercial  gallotannic  acids.  It  seemed  obvious  that,  if  all  the 
commercial  samples  contained  an  appreciable  quantity  of  a  homogeneous 
substance,  the  purified  derivatives  would  also  be  of  equal  rotatory 
power,  and  this  would  be  identical  with  that  of  the  derivative  ob- 
tained from  the  pure  gallotannic  acid.  In  order  to  test  this  suppo- 
sition, we  prepared  the  quinine  salts  and  the  pentacetyl  derivatives, 
both  of  which  can  be  easily  obtained  from  commercial  gallotannic 
acids  and  from  the  purified  product.  It  was  found  that  the  deriva- 
tives obtained  from  gallotannic  acids  of  [aJ^-F  11°  up  to  [a]D  + 75° 
are  identical  in  I'otatory  power  inter  se,  and  also  with  those  prepared 
from  the  purified  gallotannic  acid. 
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We  are  inclined  to  regard  the  presence  of  varying  amounts  of 
gallic  acid  (which  is  inactive)  in  the  commercial  gallotannic  acids  as 
one  of  the  causes  determining  the  diversity  of  rotation.*  All  the 
samples  gave  Young's  tannic  acid  reaction,  the  depth  of  the  colour 
being  ajiproximately  in  inverse  ratio  to  the  rotatory  power.  Gallo- 
tannic acid,  highly  pui'ified  by  the  authors'  method,  and  having  the 
highest  rotation,  was  found  to  be  quite  free  from  gallic  acid.  Moreover, 
by  mixing  gallic  acid  with  purified  gallotannic  acid,  the  rotation  was 
reduced  in  direct  proportion  to  the  amount  added.  Crystallised  (per- 
fectly  inactive)  gallic  acid  was  obtained  in  varying  quantities  from  all 
the  (amorphous)  commercial  gallotannic  acids  examined. 

Gallic  acid,  however,  is  by  no  mean^*the  only  substance  causing  the 
depression  of  the  optical  activity  of  gallotannic  acid.  It  will  be  seen 
on  referring  to  the  succeeding  paper  that  salts  in  general  possess  an 
enormous  influence  on  the  specific  rotation.  There  is  apparently  a 
connection  between  the  degree  of  alkalinity  of  the  salt  and  its  power 
of  reducing  the  rotation,  the  ratio  being  direct.  Very  small  quantities 
of  different  salts  sufiice  to  produce  a  great  depression.  The  samples 
examined  contained  from  0*06  to  0  9 7  per  cent,  of  mineral  matter,t 
but  as  we  know  very  little  at  pi'esent  about  this  mineral  matter,  and 
more  especially  as  we  are  in  complete  ignorance  as  to  the  nature  of 
the  acids,  probably  organic,  with  which  it  is  combined,  it  is  not 
possible  to  draw  any  definite  conclusions.  However,  in  the  light  of 
what  we  say  further  on  with  regard  to  the  action  of  salts,  it  may  be 
assumed  that  the  mineral  matter  contained  in  commercial  gallotannic 
acids  does  possess  a  similar  influence.  We  have  found  that  some 
samples  contain  an  appreciable  amount  of  zinc,  probably  due  to  the 
fact  that  the  watery  syrup  of  gallotannic  acid  obtained  in  the  course 
of  manufacture  is  frequently  poured  on  to  zinc  plates  to  obtain  the  pro- 
duct in  a  light,  flaky  condition.  Glycerol  and  oily  substances  are  at 
times  added  for  the  same  purpose,  and  may  have  some  influence  on  the 
rotation  of  the  finished  article.  It  is  possible  also  that  I'esinous  sub- 
stances which  were  isolated  in  small  quantities  from  all  the  samples,  may 
have  some  modifying  effect,  and  it  may  here  be  noted  that  an  inactive 
substance  was  isolated  from  the  commercial  acid  showing  the  lowest 
rotation  ([a]i)+  11°),  which  immediately  became  resinous  on  exposure 
to  the  air,  and  was  certainly  not  gallic  acid.  Another  factor  influenc- 
ing the  rotation  may,  perhaps,  be  the  presence  of  nitrogenous  sub- 
stances.    All  the  samples  examined  contained  nitrogen.     Although 

For  tile  iileutiQcatioii  of  jjillic  add,  \v.;  made  use  of  Young's  excellent  reagent, 
namely,  a  sohitiou  of  jjotassiuin  cyanide,  which  gives  a  characteristic  red  coloration 
with  the  acid  {Ghem.  News,  1883,  48,  134). 

t  Coinpii-e  also  M.  Klar  (P/it/-//i.  Z:it.,  1897,12,  lt51),  who  asserts  that  'pure' 
{gallotannic  acid  leaves  from  O'lO  to  O'^l  per  cent,  of  ash. 
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the  actual  quantity  was  small,  the  nitrogenous  matters  represented 
thereby  may  be  fairly  large.  We  are  at  pi-esent  unaware  of  the 
nature  of  those  compounds,  but  if  we  remember  that  many  amido- 
acids,  &.C.,  are  optically  active,  it  is  not  too  much  to  assume  that  the 
presence  of  this  nitrogenous  matter  may  have  some  influence  on  the 
rotation. 

Experimental. 

For  the  sake  of  clearness,  we  classify  our  results  under  the  follow- 
ing three  headings. 

1. — Examination  of  various  commercial  gallotannic  acids. 

2. — The  preparation  of  a  homogeneous  gallotannic  acid  of  constant 
rotatory  power. 

3. — The  specific  rotation  of  some  gallotannic  acid  derivatives  prepared 
from  pui'e  and  from  commercial  gallotannic  acids. 

I.  The  samples  examined  were  obtained  direct  from  different 
works  and  dealers  as  "  chemically  pure  gallotannic  acid."  They  all 
gave  the  characteristic  gallic  acid  reaction,  and  contained  varying 
amounts  of  water  and  ash.  The  results  of  the  analytical  *  examina- 
tions are  tabulated  below. 


No. 

Water. 

Ash. 

Nitrogen. 

[a]„.t 

I. 

9  "68  per  cent. 

0-06  per  cent. 

66-2 

II. 

7-34      ,, 

0-97      ,, 

— 

13-0 

III. 

10-20      ,, 

0-13      ,, 

0  -07  per  cent. 

12-0 

IV. 

10-77      ,, 

0-09      ,, 

0-04      ,, 

36-6 

V. 

9-01      ,, 

0-19      „ 

— 

37-8 

VI. 

11-10      ,, 

0-12      ,, 

0-05      „ 

62-0 

VII. 

9-80      ,, 

0-07      „ 

— 

11-0 

VIII. 

9-11      ., 

0-07      „ 

— 

41-6 

IX. 

9-51      ,, 

0-20      „ 

— 

23-1 

X. 

9-80      ,, 

0-14      ,, 

0-05      ,, 

74-2 

II.  Preparation  of  a  Homogeneous  Gallotannic  Acid  from  Commercial 
Samjyles. — Walden  {loc.  cit.)  has   shown  that  it  is  possible,  by  using 

*  As  no  trustworthy  quantitative  method  for  separating  gallic  acid  from  gallo- 
tannic acid  is  known,  we  have  made  no  attempt  to  estimate  the  former.  Combus- 
tions of  the  substances  in  question  are  also  of  little  value,  as  Lowe  (Zeit.  anal.  Chcm., 
11,  365)  has  already  shown.  He  obtained  practically  the  same  figures  from  the  com- 
mercial and  the  highly  purified  products. 

t  The  optical  measurements  were  made  in  a  Laurent  instrument  (Schniitt  and 
Haensch),  mostly  in  a  200  mm.  tube.  The  substances  examined  were  all  dried  to 
constant  weight  in  a  vacuum.  The  readings  apply  to  a  1  per  cent,  solution  at  15'  . 
Five  readings  were  made  in  each  case  and  the  average  taken. 
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different  methods  of  purification,  to  obtain  from  a  sample  of  commer- 
cial gallotannic  acid  products  diifering  in  rotatory  power.  The 
authors  deemed  it  probable  that,  by  continued  purification  of  the  fraction 
displaying  the  highest  rotation,  which  is  also  the  largest  in  amount, 
a  gallotannic  acid  of  uniform  rotatory  power  might  be  obtained. 
If  gallic  acid  be  regarded  as  the  chief  impurity,  it  is  in  the  first  place 
necessary  to  find  a  solvent  which  will  readily  dissolve  gallic  acid,  and 
from  which  gallotannic  acid  alone  may  be  precipitated  in  as  high  a 
state  of  purity  as  possible.  As  there  is  nothing  very  definite  in 
literature  in  regard  to  the  solubility  of  gallic  acid  in  the  various  sol- 
vents feasible  for  this  purjiose,  the  authors  have  made  a  series  of 
determinations,  the  results  of  which  are  as  follows. 


Solubility  of  Gallic  Acid  in  various  Solvents  at  15^ 


100  parts  dissolve 

Gallic 
acid. 

100  parts  dissolve 

Gallic 
acid. 

Acetone  (dry) 

Per  cent. 
29-4 
22-2 
22-2 
18-9 
8-4 

6-2 

Chloroform   

Per  cent. 

Acetone  +  5  per  cent.  HgO... 
Alcohol  absolute    

Benzene  and  ethylic  acetate 
(1:1) 

0-77 

Alcohol  90  per  cent 

Ether (dry)   

2-5 

Eth5']ic  acetate  (dry) 

Ether  (moist)  

2-7 

Ethylic     acetate     (saturated 
with  H,0)  

Chloride  of  sodium  (26*9  per 
cent.) 

0-96 

Benzene  

Water  (at  12-5°  C.) 

0-76 

It  will  be  seen  that  acetone  is  the  best  solvent  for  the  acid,  Gallo- 
tannic acid  also  dissolves  with  the  greatest  ease  in  acetone,  and  it  was 
to  be  expected,  therefore,  that  the  latter  would  be  obtained  in  a  fairly 
pure  state  from  the  dissolved  mixture,  if  some  means  could  be  found 
to  precipitate  it  whilst  leaving  the  gallic  acid  in  solution.  This  result 
was  obtained  in  the  following  manner.  On  adding  ether  to  the  acetone 
solution,  an  amorphous  precipitate  was  formed  in  most  cases,  which 
became  resinous  on  exposure  to  the  air.  To  the  filtrate,  a  little  water 
was  then  added,  when  two  layers  were  formed,  and  on  removing  the 
supernatant  ethereal  layer  and  repeatedly  shaking  the  heavier  layer 
with  ether  until  the  latter  remained  colourless,  most  of  the  residual 
soluble  impui'ities  and  colouring  matters  were  extracted.  On  adding 
a  little  more  water,  three  layers  were  formed,  of  which  the  lowest  was 
a  syrupy,  concentrated  solution  of  gallotannic  acid  containing  a  small 
fjuautity  of  ether  ;  the  middle  one,  an  acetone  solution  rich  in  gallic 
acid,  with  a  little  gallotannic  acid,  the  upper  layer  being  an  ethereal 
solution  containing  small  quantities  of  gallic  and  gallotannic  acids. 
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The  lowest  layer  was  separated,  the  ether  removed  on  the  water  bath 
after  adding  a  little  water,  and  the  syrupy  residue  dried  in  a  vacuum 
in  the  dark.  In  the  majority  of  cases,  the  product  thus  obtained 
gave  the  gallic  acid  reaction  in  a  very  slight  degree  only,  and  on  repeat- 
ing the  above  process  several  times,  this  no  longer  appeared.  In  pro- 
portion as  the  gallic  acid  reaction  became  weaker,  the  rotatory  power 
of  the  product  increased. 

It  was  found  that  gallotannic  acids  of  the  most  divergent  original 
optical  activity  (from  [ajo-f  12°  up  to  [a]D  +  66-2°  and  -i- 74-2°),  when 
treated  in  the  manner  described,  all  yielded  a  substance  of  uniform 
rotatory  power  [a]o  +  75°  to  [ajo-l- 75-2°.  The  yield  of  this  homo- 
geneous product  varied  in  accordance  with  the  original  rotation  from 
50 — 75  per  cent.,  calculated  on  the  raw  material.  Besides  this,  5  to  7 
per  cent,  of  fractions  of  medium  rotation,  and  2  to  7  per  cent,  of  inactive, 
crystallised  gallic  acid  were  obtained.  The  fact  that  Walden  did  not 
succeed  in  isolating  a  gallotannic  acid  having  a  uniform  specific 
rotation,  but  only  fractions  varying  in  optical  activity,  must  be 
ascribed  to  the  methods  of  purification  he  employed.  He  made  use  of 
solvents  and  precipitants  which  do  not  permit  of  the  separation  of 
gallic  acid  from  gallotannic  acid.  Apart  from  this,  some  of  the 
methods  used  doubtlessly  tend  to  enrich  the  (supposedly)  purified 
product  with  salts,  which  cannot  fail  to  exert  an  action  on  the  rotatory 
power. 

3.  The  Optical  Activity  of  some  Gallotannic  Acid  Derivatives. — The 
authors  desired,  apart  from  the  preparation  of  the  substance  as  such, 
to  have  further  proof  of  the  existence  of  a  definite  gallotannic  acid  in 
the  commercial  product.  For  this  pui-pose  (as  already  mentioned  in 
the  introduction),  we  prepared  the  acetyl  *  and  quinine  t  derivatives, 
which  are  practically  insoluble  in  water.  Acetylgallic  acid  is  soluble  in 
dilute  sodium  carbonate  solution  and  quinine  gallate  in  water,  and  it  is 
therefore  not  diflicult  to  obtain  a  complete  separation  of  these  substances, 
as  well  as  of  the  mineral  matter,  from  the  insoluble  gallotannates.  Ct 
will  be  seen  from  the  table  below  that  the  rotatory  powers  of  the 
derivatives  obtained  from  the  most  highly  purified  gallotannic  acid  as 
well  as  from  commercial  samples  are  identical  for  the  same  solvent. 
It  may  be  concluded,  therefore,  that  all  the  crude  products  contain  one 
and  the  same  parent  substance. 

*  The  acetyl  derivatives  were  prepared  from  the  various  samples  according  to 
Schiff's  method  {Ammkn,  1873,  170,  72)  by  boiling  the  acid  with  acetic  anhydride, 
pouring  the  solution  obtained  into  water,  treating  the  precipitate  with  soda  and  then 
recrystallising  from  alcohol.  The  melting  points  of  the  derivatives  from  the  various 
samples  were  identical. 

t  The  quinine  salts  were  prepared  by  Henry's  method,  which  yields  products  of  a 
homogeneous  character.  They  were  further  purified  by  precipitating  the  alcoholic 
solution  repeatedly  with  water. 
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t>pecyfic 

Rotation  [a]n 

of  Acetylgallolannic  Aci 

d.     c  =  l 

;  <  =  15°. 

Rotation  of  the 
original  gallo- 
tanuiu  acid. 

Rotation  of  the  acetyl  derivative  in 

Number. 

Acetone. 

Chloro- 
form. 

Ethylic 
acetate. 

Acetic 
acid. 

Acetic  acid  and 
alcohol  (1:1). 

V 

+  37-8° 
+  12 
+  74-2 

+  75-2 

+  10' 
+  10 
+  10 

+  10 

+  5-4° 
+  5-2 
+  fj-0 

+  5-0 

+  10° 
+  10 
+  10 

+  10 

+  10° 
+  10 

+  16-6° 

Ill 

X 

+  16-6 
+  16-6 

Purified  with 
acetone    ... 

+  16-6 

SchiiJ  states  that  the  rotation  of  an  acetyl  derivative  obtained  from 
a  gallotannic  acid  of  [a]u  +  67°  in  a  mixture  of  alcohol  and  acetic  acid 
is[a]r,+  17°. 

Rotation  of  Quinine  Gallotannate  in  Methylic  Alcohol.     c  =  0*5  ; 

«=15°. 


Number. 

Original  gallotannic  acid 
[a]D  for  water. 

Quinine  tannate  [o]d  for 
methylic  alcohol. 

I 

+  66-2° 
+  12 
+  11 
+  75-2 

-40-1° 

Ill 

-401 

VII 

-39-4 

Purified  with  acetone.. 

-40-1 

The  authors  found  methylic  alcohol  to  be  the  most  suitable  solvent 
for  the  somewhat  insoluble  quinine  gallotannate.  The  solutions  were 
made  by  dissolving  the  salts  in  hot  methylic  alcohol,  cooling  and 
making  up  at  15°,  and  if  necessary  filtering.  The  slight  discrepancy 
shown  by  No.  VII,  is  undoubtedly  due  to  the  fact  that  it  is  somewhat 
difficult  to  obtain  the  tannates  in  an  absolutely  homogeneous  state. 

The  results  enumerated  above  lead  us  to  draw  the  following  con- 
clu.sions. 

I.  Commercial,  so  called  *  pure  '  gallotannic  acid  contains  varying 
quantities  of  gallic  acid  and  mineral  substances  to  which  the  great 
difff-rence  in  optical  activity,  ranging  from  [a]i)+ 11°  to  [a]i,  +  74-2°, 
is  probably  due. 

II.  The  chief  constituent  of  all  these  commercial  products,  how- 
ever, is  a   substance  which  ha^  (as  nearly  as  possible)  a  value  of 

[a]„  +  75^ 
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III.  The  acetyl  derivatives  and  quinine  salts  prepared  from  crude 
samples  of  gallotannic  acid  of  specific  rotation  [aju  +  11°  to  [aju  +  74-2° 
possess  identical  rotatory  powers  for  the  same  solvent. 

IV.  Schiff's  formula  contains  no  asymmetrical  carbon,  and  is, 
therefore,  not  a  correct  representation  of  the  constitution  of  this 
substance. 


LXXXVIII. — The     Influences    Modifying    the    Specific 
Rotatoi^y  Poiver  of  Gallotannic  Acid. 

By  Otto  Rosenheim,  Ph.D.,  and  Philip  Schidrowitz,  Ph.D. 

The  specific  rotatory  power  of  an  optically  active  substance  in  solution 
for  a  given  ray  of  light  is  by  no  means  a  definite  and  fixed  number, 
but,  in  the  majority  of  cases,  depends  to  a  greater  or  less  extent  on 
the  following  conditions. 

1.  The  temperature  of  the  solution.  2.  The  concentration  of  tlie 
solution.  3.  The  nature  of  the  solvent.  4.  The  action  of  optically 
inactive  substances  (salts,  &c.). 

It  appeared  of  interest  to  the  avithors  to  study  the  influences  modi- 
fying the  specific  rotation  of  gallotannic  acid,  for  various  reasons,  and, 
among  others,  in  order,  if  possible,  to  obtain  some  explanation  of  the 
great  differences  in  optical  pi'operties  displayed  by  the  various  com- 
mercial '  pure '  gallotannic  acids  described  in  the  preceding  paper. 
The  gross  percentage  of  impurity  in  these  samples  being  insufiicient 
to  account  for  the  very  low  rotations  of  some  of  the  samples,  it  was, 
therefore,  probable  that  they  contained  salts  or  other  substances 
which  sj^ecificcdly  affected  the  rotatory  power.  It  may  be  stated  at  once 
that  the  authors  have  not  yet  succeeded  in  identifying,  as  such,  the 
substances  which  exercise  this  modifying  influence ;  but  it  must 
be  remembered  that  the  percentage  of  mineral  matter  in  the  various 
substances  is  very  small,  and  that  the  nature  of  the,  no  doubt  chiefly 
organic,  acids  with  which  this  mineral  matter  is  originally  combined 
is  practically  unknown.  The  object  of  the  present  paper  was  rather 
in  the  nature  of  a  preliminary  investigation  of  the  various  inflviences 
which  may  affect  the  specific  rotatory  power  of  gallotannic  acid,  and 
thus,  eventually,  to  throw  some  light  on  the  actual  causes. 

The  authors  have  examined  the  changes  produced  in  the  specific 
rotatory  power  of  gallotannic  acid  in  regard  to  2,  3,  and  4  (see  above), 
but  have,  for  the  sake  of  simplicity,  eliminated  the  influence  of  tem- 
perature by  conducting  all  the  expei'iments  at  15°.  The  material 
employed  was  the  apparently  homogeneous  product  of  the  constant 
specific  rotation  [a]J;  +75-2°  described  in  the  preceding  paper. 
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Injluence  of  Concentration. 

Biot  {Mem.  de  I'Acad.,  15,  93)  first  showed  the  dependence  of  specific 
rotation  on  the  concentration  of  the  solution,  in  the  case  of  aqueous 
solutions  of  tartaric  acid.  Since  then,  numerous*  investigations  in 
this  direction,  with  interesting  results,  have  been  carried  out  on  a 
great  number  of  substances. 

The  Influence  of  Concentration  on  the  Specific  Rotatory  Tomer  of  Gallo- 
tannic  Acid. — The  authors  have  found  that,  in  aqueous  solutions  con- 
taining up  to  1  per  cent.,  it  appears  that  the  rotation  is  constant  at 
[a]!;'  -H  75"2°.  By  inci^easing  the  concentration  beyond  this  figure, 
the  optical  activity  is  decreased,  but  the  numbers  obtained  cannot  be 
considered  very  accurate,  on  account  of  the  rapid  deepening  of  the 
yellow  colour  of  the  solution,  which,  in  fact,  makes  readings  above 
10  per  cent.,  even  in  a  100  mm.  tube,  quite  impossible  (compare  Schiff, 
Chem.  Ru.  Zeit.,  1895,  p.  1680).  The  subjoined  table  shows  the  actual 
influence  of  concentration  as  far  as  it  has  been  capable  of  determina- 
tion by  the  authors.! 


Table  I. — Influence  of  Concentration  on  the  Specific  Rotatory  Power 
of  Gallotannic  Acid  in  Aqueous  Solution. 


Strength  of  solution 
per  cent. 

r     t15° 

Strength  of  solution 
per  cent. 

["Id 

10 

5 

2-5 

-1-66-rt 

+  71-8  J 
-t-75-0 

1-0 
0-5 
0-25 

+  75-2° 
-t-75-2 

+  75-2 

Influence  of  the  Solvent. 

Relatively  complete  investigations  on  the  influence  of  the  solvent 
on  rotation  generally  are  by  no  means  so  numerous  as  those  on  con- 
centration, and  are,  broadly  speaking,  restricted  to  dextrotartaric  acid 
(Landolt,  Ber.,  1880,  13,  2332;  Pribram,  Ber.,  1889,  22,  6);  three 
substituted  ethereal  salts  of  tartaric  acid  (Freundler,  Compt.  rend., 
1893,  117,  556;  Ann.  chim.  phys.,  1895,  [vii],  4,  244);  camphor 
(H.   Vogel,   Dissert.   Berlin,    1892);    American    turpentine    (Landolt, 

•  For  a  full  account,  see  Landolt,  "Das  opiischc  Brchvngsvermogcn,"  1898, 
pp.  146—148. 

t  Tlic  instrument  used  in  all  our  work  was  a  half-shadow  Schmidt  and  Haensch 
polarimeter,  five  readings  being  made  in  each  case  and  the  mean  taken. 

X  In  100  mm.  tube,  the  other  readings  in  200  mm.  tube. 
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Annalen,  1877,  189,  311,  &c.),  and  saccharose  (Tollens,  Ber.,  1880,  13, 
2303). 

The  authors  have  examined  the  inil nonce  of  various  solvents  on  the 
rotatory  power  of  gallotannic  acid,  and  have  found  that  the  optical 
activity  of  this  substance  depends  to  a  very-  marked  extent  on  the 
nature  of  the  solvent.  Thus  the  original  specific  rotation  [a]"" +  75*2° 
(for  water)  is  actually  reduced  to  ±  0°  for  a  mixture  of  acetone  and 
carbon  tetrachloride,  and  acetone  alone  produces  a  remarkable  fall. 
This  is  of  considerable  interest,  as,  so  far  as  the  authors  are  aware, 
there  is  only  one  other  substance  that  is  affected  to  anything  like  the 
same  degree  by  this  solvent,  namely,  dextrotartaric  acid,  the  rotation 
of  which  is  reduced  from  +  14*40°  for  water  to  ±0°  for  a  mixture  of 
acetone  and  ether.  It  will  be  seen  on  referring  to  Table  II  that 
mixtures  of  acetone  with  ether,  benzene,  chloroform  or  ethylic  acetate, 
as  well  as  alcohol,  ethylic  acetate,  and  ethylic  acetoacetate  by  them- 
selves have  a  very  powerful  effect. 

Table  II. — Influence  of  the  Solvent  on  the  Specific  Rotation  of 
Gallotannic  Acid. 


(Strength  of  solution  =  1  per  cent.) 


Solvent. 

[«]r 

Solvent. 

[«]f 

1,  "Water  

+  75-2° 
+  15-0 
+  11-6 

+  11-6 
+  12-3 

6.  50  per  cent,  acetone  +  50 

per  cent,  benzene  

7.  50  per  cent,  acetone  +  50 

per  cent,  chloroform... 

8.  Ethylic  acetate  

2.  Alcohol    

+  16-6° 

3.  Acetone   

4.  50  per  cent,  acetone  +  50 
percent,  ether   

+  14-3 

+  8-3 

5,  50  per  cent,  acetone  +  50 
per  cent,  ethylic  aceto- 

9.   Ethylic  acetoacetate  

10.   80  per  cent,  acetone  +  20 
percent.  CCI4    

+  12-6 
±0 

In  reference  to  this  section,  it  may  be  stated  that,  although  none 
of  the  solvents  examined  produced  a  change  of  sign  (as  is  the  case, 
for  instance,  with  dextrotartaric  acid),*  yet  the  gross  effect  produced  is 
greater  with  gallotannic  acid  than  in  the  case  of  any  other  substance 
that  has  formed  the  subject  of  similar  investigations. 


Action  of  Optically  Inactive  Substances. 

Experiments,chieflywith  tartaric  acid  (Biot,i¥e?>i.cZer.<4crtd,1838, 16, 
229  3  and  Ann  chim.phys.,  1844,  [iii],  11,  82  ;  Koch,  Dissert.  Tiilingen, 

*  From  +14 '4°  for  water  to  -8'09°  for  monochlorobenzene. 


888      ROSENHEIM   AND    SCHIDROWITZ  :    INFLUENCES   MODIFYING 

1869  ;  Gernez,  ComjH.  rend.,  1887,  104,  283,  &c.) ;  the  tartrates  (Long, 
,sin.  Americ.  J.,  1888,  [iii],  36,  351  ;  Schutt,  Ber.,  1888,  21,  2586); 
malic  acid  (Gernez,  Compt.  rend.,ll8S9, 109,  151  and  769,  &,c.)  ;  and  the 
sugars  (E.  v.  Lippmann,  Die  Chemie  der  Zuckerarten,  pp.  673 — 681  ; 
Farnsteiner,  Ber.,  1890, .23,  3570,  &c.),  have  shown  that  the  addition 
of  various  inactive  substances  to  a  solution  of  an  active  compound 
exercises  a  more  or  less  important  influence  on  its  rotatory  power. 
Work  in  this  direction  has  so  far  been  practically  confined  to  the 
substances  mentioned  above,  a  fact  which  appears  at  first  sight  some- 
what remarkable  considering  the  importance  of  the  matter,  both  from 
a  scientific  and  practical  point  of  view.  We  have  found  in  gallo- 
tannic  acid  a  substance  the  optical  properties  of  which  are  influenced 
to  a  remarkable  degree  by  the  presence  of  certain  inactive  compounds. 
For  the  sake  of  convenience  we  have  classified  these  inactive  sub- 
stances into  three  groups,  namely, 

a.  Acids  ;  6.  Bases ;  c.  Salts. 

a.  There  does  not  appear  to  be  any  detailed  account,  in  literature, 
of  the  action  of  acids  on  rotation  generally,  but  the  addition  of 
boric  acid  to  tartaric  acid  solutions  causey  a  very  great  rise  (from 
[a]o  +  1288°  for  a  16*63  per  cent,  solution  to  [  a  ]d  + 43 '44°  for  the  same 
solution  with  1  molecule  of  boric  acid  (Biot  and  Koch,  loc.  cit.). 

The  authors  have  found  that  mineral  acids  and  boric  acid  have  no 
influence  on  the  specific  rotation  of  gallotannic  acid,  but,  on  the 
contrary,  restore  the  same  to  the  normal  if  added  to  a  solution,  the 
optical  properties  of  which  have  been  previously  depressed  by  the 
addition  of  alkalis  or  alkaline  salts  in  small  quantities.  Thus  the 
addition  of  concentrated  hydrochloric  acid  up  to  10  per  cent.,  and  of 
sulphuric  acid  to  the  point  of  precipitation,  produced  no  effects 
whatever.  Acetic  acid  exeixises  a  depressing  influence,  but  this  is 
probably  due  to  partial  acetylation.  A  10  per  cent,  aqueous  solution 
of  gallotannic  acid  (originally  [a]u'+75"2°)  containing  25  per  cent, 
acetic  acid  has  [a]D'-H65-0°.  A  similar  solution  containing  50  per 
cent,  acetic  acid  shows  [a]u°+36-6°. 

In  view  of  the  fact  that  gallic  acid  is  one  of  the  chief  impurities 
in  commercial  gallotannic  acid,  it  is  of  interest  to  note  that  this 
substance  does  not  specifically  affect  the  rotation  of  gallotannic  acid, 
but  only  (as  will  be  seen  from  the  subjoined  tables)  reduces  the 
same  in  direct  proportion  to  the  quantity  present  in  any  particular 
mixture. 
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Influence  of  Gallic  Acid  on  the  Specific  Rotation  of  Gallo- 
tannic  Acid. 

a.  Specific  Influence. — To  1  c.c.  of  a  20  per  cent,  solution  of  gallo- 
tannic  acid  ([0]^?°  +  75-2°)  varying  quantities  of  gallic  acid  were  added, 
the  whole  made  up  at  15°  to  20  cc,  and  polarised  in  a  200  mm. 
tube. 

Table  Ilia. 


Quantity  of 
gallic  acid. 

Percentage  of 

gallic  acid  in 

solution. 

{aV- 

Quantity  of  1  Pe'-centageof 

gallic  acid.     g'^ll^f'-J?'^!!" 
"                          solution. 

[«]!> 

0-019  gram. 

0-05 

01 

0-05 
0-25 
0-5 

75-2° 

0-2  gram. 
0-4     ,, 
2-0     ,, 

1-0 
2-0 

10-0 

75-2° 

Table  III5. — Influence  of  Decreasing    Percentage  of  Gallotannic 
Acid  in  Solution. 


Quantities  in  20  c.c.  of 
solution. 


Percentages  in  solution. 


[«]i 


[«]DKt 


Gallotannic 
acid. 


0-18  gram. 
0-16     „ 
0-10     „ 
0-08     „ 


Gallic  acid. 


0-02 
0-04 
0-10 

0-12 


Gallotannic 
acid. 


90 
80 
50 
40 


Gallic  acid. 


10 
20 
50 
60 


67-5° 
60-0 
37-5 
30-0 


75  0° 


Note. — [a]pgt_,_„  =  Specific  rotation  of  mixture.       [a]p^  =  Specific  rotation  of  gallo- 
tannic acid  alone,  as  calculated  from  gt  +  g. 


b. — E.  von  Lippmann  {loc.  cit.)  has  described  the  influence  of  the 
alkalis  and  alkaline  earths  on  cane-sugar,  and  found  that  they  decrease 
the  rotation.  Apart  from  this,  the  description  of  the  action  of  alkalis 
and  bases  generally  on  optically  active  substances,  in  literature,  is 
very  meagre.  We  have  found  that  the  behaviour  of  ammonia  in  rela- 
tion to  the  specific  rotation  of  gallotannic  acid  is  in  striking  contrast 
to  the  inactivity  of  acids,  in  fact,  it  exercises  a  very  powerful  specific 
action.  On  adding  5  or  6  drops  of  ammonia  to  a  1  per  cent,  solution 
of  gallotannic 'acid  ([a]D°  + 75-2°),  total  inactivity  is  immediately  pro- 
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duced.  If  more  ammonia  be  added,  the  colour  of  the  solution  becomes 
a  dark  yellow,  which  makes  further  readings  impossible.  The  action 
of  the  caustic  alkalis  could  not  be  studied  at  all,  owing  to  the  fact 
that  the  addition  of  even  very  small  quantities  rendered  the  solutions 
so  dark  in  colour  as  to  be  too  opaque  for  polarimetric  measurements. 

c.  The  Action  of  Salts. — The  influence  of  salts  on  specific  rotation  has 
been  fairly  exhaustively  studied  in  the  cases  of  tartaric  acid,  the 
tartrates,  malic  acid,  and  the  sugar  (see  pp.  887 — 8).  Speaking  broadly, 
the  influence  is  slight  if  we  except  the  extraordinary  action  of  the 
molybdates,  tungstates,  and  uranium  derivatives.  For  example, 
Gernez  {loc.  cit.)  has  shown  that  the  addition  of  ammonium  molybdate 
to  a  solution  of  tartaric  acid,  in  the  proportion  of  1  mol.  of  the  former 
to  18  of  the  latter,  increases  the  rotation  no  less  than  60-fold.  Walden 
(Ber.,  1897,  29,  2889)  has  recently  made  similar  observations  in  regard 
to  the  influence  of  an  alkaline  uranyl  nitrate  solution  on  the  rotation 
of  malic  acid,  the  increase  being  upwards  of  500-fold.  The  influence 
of  borax  on  the  members  of  the  mannitol  group  is  also  considerable 
(Landolt,  loc.  cit.),  but  apart  from  these  examples  the  action  of  salts 
generally  is,  as  we  have  already  stated,  slight,  relatively  large 
quantities  producing  only  small  effects. 

The  authors  have  found,  however,  that  salts  generally  exercise  a  very 
great  influence  on  the  specific  rotation  of  gallotannic  acid.  In  many 
cases,  a  very  small  proportion  of  the  salt  suffices  to  produce  a  very  con- 
siderable effect,  and  it  seems  more  than  probable  that  the  extremely 
low  rotations  of  some  of  the  commercial  samples  mentioned  in  the 
preceding  paper  are  due  to  the  presence  of  small  quantities  of  inactive 
salts  which  exercise  a  powerful  specific  action. 

All  the  salts  examined  by  us  have  a  depressing  action,  the  rotation 
decreasing  up  to  a  certain  point  as  the  percentage  of  added  salt 
increases.  This  point  forms,  in  the  majority  of  cases,  a  minimum,  and 
the  further  addition  of  salt  causes  a  rise.  This  minimum  varies 
according  to  the  nature  of  the  salt  in  question,  as  also  does  the 
quantity  of  salt  necessary  to  produce  the  same,  and  the  character  of 
the  subsequent  rise.  There  is,  however,  apparently,  a  connection 
between  the  molecular  weight  of  the  salt  and  this  minimum  of 
rotation  ;  that  is  to  say,  the  molecular  rotation  of  the  mixture  of  salt 
and  (jallotannic  acid  remains  (within  reasonable  limits)  fairly  constant, 
and  ajyproximately  equal  to  the  molecular  rotation  of  gallota/nnic  acid 
(done. 

Thus,  if  a;  =  the  molecular  weight  of  gallotannic  acid,  y  =  the  molecular 

weight  of  salt,  z  =  theminimum  of  rotation, then    -ytttt-  =  ^' 

Within  limits,  M  is  found  (considering  all  the  circumstances)  to  be 
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a  fairly  constant  number,  approaching  closely  to  the  molecular  rotation 
of  gallotannic  acid. 

The  following  table  gives  the  values  of  M  for  the  various  salts 
examined. 

Table  lY.—Vahtes  of  M=^  -^tt^T 

•^  100 


Salt. 

[a]jj*' minimum. 

x-^y 

M 

1.  W4Oi3Na.,  +  10Ho0  

12-9° 
25-6 
26-3 
26-5 

28-3 

68-0 

70-6 

71-1 

70-0 

54-0 

56-3* 

68-5* 

75-2 

1470 

704 

646 

586 

492 

380-5 

396-5 

375-5 

382-5 

406 

422 

559 

322 

189-6 

2.   Na.,B407  +  10HoO   

180-2 

3.   K.,R407  +  5H„0  

169-8 

4.   (]SrH4).,B407  +  4H^O 

155-3 

5.   LioBiOy 

139-2 

6.  NaCl  

258-7 

7.   KCl 

279-9 

8.  NH4CI  

266-9 

9.  LiCl  +  H„0 

267-7 

10.  NaHCOs      

219-2 

11.   KHCO3    

[•265-8] 

12.  Zu(CH3-COO)2  +  3H.,0 

Gallotannic  acid 

[382-9] 
242-1 

*  Doubtful  minima,  the  series  interrupted  owing  to  precipitation  on  further 
addition  of  the  salt. 

In  order  to  study  the  influence  of  varying  proportions  of  the  above 
salts  on  gallotannic  acid,  the  methods  described  under  sodium  tungstate 
(which  exercises  a  more  powerfv;l  action  than  any  other  salt  examined) 
were  in  general  employed.  Modification  of  the  genei'al  procedure  was 
dependent  on  the  solubility  of  the  salt  in  question.  It  is  needless  to 
say  that  the  salts  used  were  all  highly  purified.  It  must  also  be 
remembered  that  the  quantity  of  added  salt  was,  in  each  case,  limited 
by  the  precipitation  of  the  gallotannic  acid  when  a  certain  concentra- 
tion was  reached. 

1.  Sodium  tungstate,  W^Oj^Nao-}-  lOHoO. 

Solutions  I.     4  grams  of  purified  gallotannic  acid  ([a]D  +  75*2°)  were 
dissolved  in  water  to  20  cc.  (1  cc.  =0-2  g.). 
II.     4  grams  of  sodium  tungstate  were  dissolved  in  water 
to  40  cc.  (1  c.c  =  0-l  g.). 
III.     5  cc.  of  II  diluted  with  water  to  100  cc.  (1  cc.  =  0-05  g.). 

To  1  cc  of  solution  I,  varying  amounts  of  II  and  III  were  added, 
the  whole  made  up  to  20  cc*  at  15°,  and  polarised  at  that  temperature. 
The  solutions  of  tungstate  and  gallotannic  acid  were  all  of  a  lemon- 
yellow  colour,  which  became  too  deep  for  readings  in  the  200  mm.  tube 
above  1  per  cent.  Nos.  6  and  7  were  therefore  determined  in  a  100  mm. 
tube.     Above  4—5  per  cent.,  a  precipitate  commenced  to  fox-m. 

■*■  The  final  solution  therefore  contained  1  per  cent,  of  gallotannic  acid  ;  this 
strength  was  kept  constant  throughout. 

3  o  2 
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Table  V. — The  Influence,  of  Sodium  Tungstate  on  the  Rotation  of 
Gallotannic  Acid. 


Quantities  of  III 
and  II. 

Weight  of  sodium 
tungstate  in  solu- 
tion. 

Percentage  of  so- 
dium tungstate  in 
solution. 

[«]!;" 

1.  0-5  c.c.  Ill  

2.  2     c.c.  Ill  

3.  4     c.c.  Ill  

4.  1     c.c.  II 

5.  2     c.c.  II 

6.  4     c.c.  II 

7.  8      c.c.  II 

0-0025  gram. 

0-01 

0-02 

0-1 

0-2 

0-4 

0-8 

0-0125 
0-05 
0-1 
0-5 

ro 

2-0 
4-0 

69-2° 

62-2 

53-8 

24-6 

12-9 

13-5 

22-6 

Table  VI. 


Change 

of  rotation  fo 

1-  ["if  • 

Percentage 

of  salt 

dissolved. 

IOH2O.      ^ 

K2B4O7  + 
5H2O. 

(NH4)2B40-  + 

4H2O. 

Li2B407. 

NaHCOs. 

0-01 

73-5° 

73-5" 

74-5°* 

72-6'' 

0-025 

71-0 

70-5° 

70-9 

— 

— 

0-05 

66-8 

68-8 

68-0 

64-6 

66-3 

0-1 

61-3 

601 

64-6 

64-5 

62-1 

0-25 

56-5 

— 

57-0 

— 

— 

0-5 

45-3 

49-3 

50-0 

49-3 

58-0 

1-0 

26-0 

40-0 

41-6 

28-3 

54  0 

2-0 

25-6 

26-3 

26-5 

29-8 

54-2 

3-0 

27-6 

— 

— 

— 

— 

4-0 

28-6 

— 

26-5 

— 

54-2 

5-0 

— 

26-3 

26-5 

— 

— 

The  percentage  in  this  case  \vas0'0125  aud  not  Q-Ql. 


Change  of  rotation  fo 

••  [«]1?°. 

Percentage 

of  salt 

dissolved. 

NaCl. 

KCl. 

NH4CI. 

LiCl  + 
HoO. 

KHCO3. 

Zn(CII,-COO)o-t- 
3H2O. 

0-01 

73-6° 

73-8° 

72-8° 

73-3° 

73-0° 

75-1° 

0-05 

71-1 

72-2 

71-8 

72-1 

68-6 

73-5 

01 

68-0 

70-6 

71-5 

70-1 

64-8 

68-5 

0-2 

70-5 

72-2 

71-1 

70-0 





0-5 

720 

73-1 

72-8 

72-6 

56-3 

_!. 

10 

— 

73-3 

73-3 

72-8 





2-5 

72-6 











50 

73-5 

75-5 

74-5 

73-1 

— 

— 
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The  influence  of  ammonium  molybdate  and  of  uranium  acetate  was 
also  examined,  but  owing  to  the  deep  coloration  produced  with  the 
former  and  the  precipitation  caused  l)y  the  latter,  it  was  impossible  to 
obtain  readings. 

Notes  to  Table  VI. 

It  is  interesting  to  note  the  marked  influence  of  borax  in  contradis- 
tinction to  boric  acid,  which  has  no  effect.  On  neutralising  carefully 
with  mineral  acids,  the  rotation  was  i^estored  to  the  normal. 

As  is  the  case  with  other  salts  of  an  alkaline  nature,  the  depression 
produced  by  sodium  hydrogen  carbonate  is  very  considerable.  It  would 
be  of  interest  to  obtain  readings  for  higher  percentages  of  the  salt,  but 
this  was  found  to  be  impracticable  owing  to  the  fact  that  above  4  per 
cent,  the  solutions  become  very  dark  coloured  and  reading  difiicult. 

It  was  impossible  to  determine  values  for  quantities  of  potassium 
hydrogen  carbonate  above  0"5  per  cent.,  as  on  increasing  the  proportion 
of  the  salt  pi-ecipitation  of  gallotannic  acid  occurred. 

In  the  case  of  zinc  acetate  also,  readings  could  not  be  obtained  with 
more  than  0*1  percent,  of  the  salt  owing  to  precipitation  of  the  metallic 
tannate,  but  it  is  clear  that  this  acetate  exercises  considerable  influence 
on  the  rotation. 


LXXXIX. — TJie  Resolution  of  Tetrahydropapaverine 
into  its  Optically  Active  Compo7ients.  Constitution 
of  PaiJaverine. 

By  William  Jackson  Pope  and  Stanley  John  Peachey. 

A  STUDY  of  the  literature  referring  to  the  natural  alkaloids  shows 
that  valuable  information  respecting  the  constitution  of  some  of  these 
substances  should  result  from  an  examination  of  the  conditions  under 
which  carbon  atoms  in  the  molecule  change  from  the  asymmetric  to 
the  symmetric  state,  or  vice  versd,  during  the  formation  of  simple 
derivatives ;  such  information  is  of  the  greater  value  as  being  of  a 
physico-chemical  nature,  and  consequently  different  in  kind  from  the 
evidence  upon  which  constitutional  formulae  are  usually  assigned  to 
the  more  complex  alkaloids.  In  the  present  paper,  we  deal  with 
papaverine  and  its  tetrahydro-derivative,  showing  that  the  latter 
contains  an  asymmetric  carbon  atom,  as  would  be  expected  from  the 
constitution  attributed  to  it,  and  based  on  the  results  of  its  purely 
chemical  examination.  Since,  at  the  outset  of  the  work,  the  unsuit- 
able character  of  the  acid  hitherto  used  for  effecting  the  resolution  or 
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racemic  bases,  namely,  tartaric  acid,  became  evident,  we  had  to  search 
for  other  acids  more  suitable  for  such  purposes ;  these  were  found  in 
the  dextro-a-bromocaraphorsulphonic  acid  and  dextro-a-chlorocamphor- 
sulphonic  acid  described  by  Kijiping  and  Pope. 

As  one  result  of  a  large  amount  of  laborious  work  on  papaverine, 
G.  Goldschmiedt  succeeded  in  demonstrating  {Monats.,  1888,  9,  778) 
that  this  alkaloid  is  very  probably  a  tetramethoxybenzylisoquinoline 
having  the  following  constitution. 

MeO-c:CH-C C-CH2-C-CH:C-0Me 

MeO-CICH-  C-CH:CH-N  CH-  CHIC-OMe 

Further,  since  on  reducing  isoquinoline  derivatives,  hydrogenation 
takes  place  first  in  the  isoquinoline  ring,  the  tetrahydropapaverine 
described  by  Goldschmiedt  {Monats.,  1884,  7,  495)  should  have  the 
constitution 

MeO-C:CH'  C C  H-  CH2-  C — CHICO-Me 

MeO-C:OH-  C-CHg-  CHg-  NH  CH-  CH:CO-Me' 

These  constitutional  formulfe,  although  not  actually  proved,  are 
probably  correct,  but  any  confirmatory  evidence  which  can  be  adduced 
is  naturally  of  value.  In  accordance  with  the  optical  inactivity  of  papa- 
verine {Afonats.,  1888,  9,  42),  the  constitution  which  Goldschmiedt 
assigned  to  it  contains  no  asymmetric  carbon  atom,  but  during  the 
conversion  of  this  alkaloid  into  tetrahydropapaverine,  that  carbon  atom 
of  the  isoquinoline  ring  to  which  the  dimethoxybenzyl  group  is 
attached  becomes  asymmetric.  Consequently,  it  is  to  be  expected 
that  tetrahydropapaverine  is  an  externally  compensated  compound, 
and  by  applying  suitable  means  it  should  be  possible  to  resolve  it  into 
two  enantiomorphously  related  components.  We  have  succeeded  in 
isolating  dextro-  and  Isevo-tetrahydropapaverine,  and  in  demonstrating 
the  racemic  nature  of  the  externally  compensated  base. 

Up  to  the  present  time,  only  about  a  dozen  or  so  externally  com- 
pensated bases  have  been  resolved  into  their  optically  active  com- 
ponents by  the  crystallisation  of  the  salts  which  they  form  with  an 
optically  active  acid ;  and  the  only  acid  which  has  been  used  in  effecting 
these  separations  is  tartaric  acid  (Landolt,  Das  optische  Drehungsver- 
mogen,  1898,  97).  A  consideration  of  the  cases  in  which  tartaric 
acid  has  been  used  indicates  that  its  use  is  attended  with  many  dis- 
advantages. 

In  the  first  place,  tartaric  acid  has  a  far  smaller  dissociation 
constant,  namely,  »<  =  0-097,  than  the  mineral  acids,  hence  it  is  to  be 
expected  that  it  would  only  form  salts  with  powerful  bases,  and 
would  not  separate  as  a  salt  with  feeble  bases  from  solutions  in 
hydroxylic  solvents.     The  application  of  tartaric  acid  is  thus  very 
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limited,  and  all  the  externally  compensated  compounds  which,  hitherto, 
have  been  resolved  into  tlieir  active  components  by  its  aid  are  powerful 
bases.  The  use  of  a  dibasic  acid  seems  also  inadvisable,  because,  in 
the  crystallisation  of  the  inactive  base  with  the  acid,  neutral  and  acid 
salts  may  be  formed,  and  so  complicate  the  separation ;  this  objection 
would  not  apply  to  a  monobasic  optically  active  acid.  Further,  a 
perusal  of  the  work  of  Ladenburg  shows  that  in  many  cases  the 
dextrotartrate  obtained  from  the  racemic  base  is  syrupy,  and  the 
mixture  consequently  difficult  to  separate. 

Since  separations  by  means  of  dextrotartaric  acid  are  open  to  these 
and  other  objections,  we  decided  to  use  an  optically  active  acid  to 
which  such  objections  do  not  apply.  Such  acids  are  the  dextro-a-bromo- 
and  dextro-a-cliloro-camphorsulphonic  acids  prepared  by  Kipping  and 
Pope  (Trans.,  1893,  63,  54:8)  ;  these  acids  are  dissociated  to  an  extent 
of  over  90  per  cent,  in  a  solution  of  a  gram-molecule  in  30  litres 
(Walden,  Zeit.  physikal  Chem.,  1894,  15,  200),  and  so  are  comparable  in 
strength  with  the  mineral  acids.  These  two  sulphonic  acids  must, 
therefore,  yield  salts  with  very  feeble  bases  ;  further,  these  sulphonic 
acids  are  monobasic,  and  their  salts,  as  a  rule,  crystallise  extremely 
well. 

For  the  preparation  of  the  optically  active  tetrahydropapaverines, 
crystallisation  of  the  salts  of  the  racemic  base  with  dextro-a-bromo- 
camphorsulphonic  acid  is  found  most  convenient.  Ammonium  dextro- 
a-bromocamphorsulphonate,  prepared  by  the  last  method  given  by 
Kipping  and  Pope  (Trans.,  1895,  67,  356),  is  boiled  in  aqueous  solu- 
tion, in  an  open  basin,  with  an  excess  of  barium  hydroxide  until  all 
the  ammonia  has  been  driven  off,  water  being  frequently  added  to 
replace  that  lost  by  evaporation;  quantities  of  50 — 100  grams  of  the 
ammonium  salt  are  conveniently  treated  in  one  operation.  The  excess 
of  baryta  is  now  precipitated  by  passing  a  current  of  carbonic  anhydride 
through  the  boiling  solution,  and,  after  filtering,  the  barium  is  removed 
from  the  solution  of  the  barium  salt  by  cautiously  running  dilute 
sulphuric  acid  from  a  burette  into  the  hot  solution.  With  care,  a 
solution  of  dextro-a-bromocamphorsulphonic  acid  containing  no  barium 
and  only  a  trace  of  sulphuric  acid,  can  thus  be  readily  obtained.  The 
acid  solution  is  now  concentrated  on  the  water  bath  to  a  con- 
venient strength,  and  then  titrated  against  standard  alkali  in  order 
to  determine  how  much  dextro-a-bromocamphorsulphonic  acid  it 
contains. 

This  method  of  preparing  the  acid  is  more  rapid  and  less  costly 
than  that  involving  the  hydrolysis  of  the  sulphonic  chloride. 

The  papaverine  used  in  the  work  was  obtained  from  Merck  of 
Darmstadt,  and  had  the  correct  melting  point,  namely,  147 — 148°;  it 
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was  converted  into  the  acid  oxalate  which  crystallises  well,  and  the 
salt  was  crystallised  once  from  water.  The  oxalate  was  then  dissolved 
in  water,  and  the  oxalic  acid  separated  by  means  of  calcium  chloride ; 
after  filtering,  a  slight  excess  of  ammonia  was  added  and  the  pre- 
cipitated papaverine  collected,  well  washed  with  water,  and  dried  in  the 
air.  The  papaverine  purified  in  this  way  melts  at  147 — 148°,  and  is 
optically  inactive  in  solution. 

0-4024  gave  14-2  c.c.  nitrogen  at  14^^  and  755  mm.  lSr  =  4-17  per 
cent. ;  Cg^Hg^NO^  requires  4'13  per  cent. 

Racemic  Tetrahydropapaverine. 

Papaverine  was  reduced  by  tin  and  hydrochloric  acid  in  accordance 
with  the  method  given  by  Goldschmiedt  {Monats.,  1886,  7,  485),  but 
the  mechanical  separation  of  the  crystals  of  the  hydrochlorides  of 
papaverine  and  its  reduction  product  was  found  to  be  unnecessary  ;  no 
crystals  of  papaverine  hydrochloride  are  contained  in  the  product  if 
the  stannochloride  be  recrystallised  several  times  from  water  before 
removing  the  tin  by  hydrogen  sulphide.  After  purifying  the  hydro- 
chloride by  recrystallisation  from  boiling  water,  it  is  decomposed  by 
adding  excess  of  ammonia  to  its  hot  solution  ;  as  the  solution  cools, 
the  tetrahydropapaverine  separates  in  minute,  glistening  crystals. 
Goldschmiedt  purified  the  base  by  crystallisation  from  water  or  dilute 
spirit,  but  we  found  it  more  convenient  to  prepare  the  acid  oxalate  ; 
this  salt  is  sparingly  soluble  in  cold  water,  and  after  recrystallisation 
is  treated  with  calcium  chloride  to  remove  the  oxalic  acid.  The  base  is 
then  precipitated  by  adding  ammonia  to  the  hot  aqueous  solution  of  its 
hydrochloride,  collecting,  washing  well  with  water,  and  drying  at  100°. 
Obtained  in  this  way,  it  melts  at  200—201°,  and  a  solution  of  2  grams 
made  up  to  25  c.c,  with  chloroform  showed  no  rotation  in  a  200  mm. 
tube.     The  following  analytical  results  were  obtained. 

I.  0-1364  gave  0-3495  00^  and  0-0905  H.,0.    C  =  69-88;  H  =  7-37. 
II.  0-1429     „     0-3659  CO2     „    0-0953  Hp.    C  =  6984 ;  H  =  7-41. 
C-oHs^NO^  requires  0  =  69-97  ;  H  =  7-29  per  cent. 

Crystals  of  racemic  tetrahydropapaverine  containing  methylic 
alcohol  of  crystallisation  have  been  recently  measured  by  Koechlin 
{^fonat8.,  1898,  19,  321)  who  finds  them  to  be  tetragonal.  On  adding 
ammonia  to  a  warm  aqueous  solution  of  the  base  in  dilute  hydro- 
chloric acid  and  allowing  it  to  cool,  the  base  separates  in  microscopic 
crystals  which  are  seen  in  the  polarising  microscope  either  as  long 
needles  having  the  ends  cut  off  by  a  face  at  each  end  making  a  plane 
angle  of  60'^  with  the  long  side,  or  as  needles  with  rectangular  ends ; 
the  two  kinds  of  crystals  are  apparently  cx-ystallographically  identical, 
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the  differences  depending  on  how  the  crystals  lie  on  the  microscopic 
slide.  The  needles  with  oblique  ends  change  colour  on  rotation 
between  crossed  Nicols,  whilst  those  with  rectanguUir  ends  extinguish 
straight ;  one  optic  axis  of  a  biaxial  interference  figure  is  seen 
through  the  flat  face  of  each  kind  of  needle  on  conoscopic  examination. 
The  crystals  are  thus  not  tetragonal  like  those  obtained  from  dilute 
alcoholic  solution. 


Crystallisation  of  the  Racemic  Base  icith  Dextro-a-hromocamphor- 
sulphonic  A  aid. 

Racemic  tetrabydropapaverine  in  quantities  of  about  10  grams  is 
boiled  with  the  calculated  quantity  of  dextro-a-bromocamphorsulphonic 
acid  dissolved  in  about  500  c.c.  of  water ;  solution  of  the  base  is 
facilitated  by  frequent  addition  of  small  quantities  of  ethylic  alcohol. 
When  the  base  is  dissolved,  the  solution  is  filtered  with  the  aid  of  the 
pump  and  allowed  to  cool,  when  long  needles  of  kevotetrahydro- 
papaverine  dextro-a-bromocamphorsulphonate  are  deposited  ;  these  are 
washed  with  water,  and  the  mother  liquor  and  washings  evaporated 
on  the  water  bath,  when  a  fresh  crop  of  crystals  is  obtained.  On 
continuing  the  evaporation  of  the  mother  liquors,  the  crystalline 
deposit  becomes  more  and  more  contaminated  with  resinous  dextro- 
tetrahydi'opapaverine  dextro-a-bromocamphorsulphonate,  and  after  a 
time  this  compound  mainly  separates  ;  it  forms  a  sticky  deposit  on 
the  sides  of  the  dish,  which,  on  microscopic  examination,  is  seen  to 
contain  a  few  doubly  refi-acting  needles  of  the  losvotetrahydropapaveriue 
salt.  The  crystalline  salt  is  now  submitted  to  fractional  crystallisation 
from  boiling  water  in  order  to  free  it  as  far  as  possible  from  the 
resinous  salt. 

Lcevotetrahydropajxiverine  Dextro-a-hromocamphorsulphonate, 
C^oH^sNO^CioH.^BrO-SOgH. 

This  salt  is  finally  obtained,  by  crystallisation  from  its  boiling 
aqueous  solution,  in  long,  flattened,  colourless,  ti"ansparent  needles 
which  melt  at  295 — 298°  (uncorr.)  with  frothing  and  evolution  of 
gas  ;  blackening  sets  in  at  about  270°.  The  crystals  are  very  small, 
and  complete  crystallographic  measurements  could  not  be  obtained. 
Six  faces  are  present  in  the  zone,  of  which  the  long  edge  of  the 
crystals  is  the  zone-axis  ;  the  angles  from  the  large  flat  face  in  this 
zone  are  45°  34'  and  93°  44',  whilst  the  angle  from  the  large  flat  face 
to  one  of  the  two  faces  which  make  the  pointed  end  of  the  crystal  is 
about  82°.  The  plane  angle  between  the  long  edge  and  the  edge 
between  the  large  face  and  one  of  the  end  faces  is  about  126°  30  .     A 
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very  slight  straight  extinction  is  observable  in  the  large  face,  the 
latter  being  nearly  perpendicular  to  one  optic  axis  of  a  biaxial  sub- 
stance ;  the  optic  axial  dispersion  is  slight,  the  optic  axial  angle  large, 
and  the  optic  axial  plane  is  nearly  perpendicular  to  the  long  edge 
of  the  crystals. 

The  crystals  do  not  lose  weight  at  100°,  and  give  the  following 
results  on  analysis. 

I.  0-1362  gave  0-2740  CO2  and  0-07G5  H.p. 
II.  0-1458     „     0-2935  CO2    „    0-0819  HgO. 

III.  0-4117     „     0-1189  AgBr  and  0-1490  BaSO^. 

IV.  0-4395     „     0-1257  AgBr    „    0-1578  BaSO^. 
V.  0-5173     „     0-1471  AgBr. 

VI.   1-2738     „     228  c.c.  of  nitrogen  at  14°  and  762  mm. 

Theory  for 

I.  II.  III.          IV.  V.  YI.          C'soHjoNBiSOg. 

C 54-87  54-91       _         _  —  _  55-05  per  cent. 

H 6-24  6-24       _         _  _  _         6-12       „ 

Br —  —  12-29  12-17  12-10  —  12-23 

S —  —  4-97      4-93  —  —         4-89       „ 

N _  _         _         _  __  2-14       2-14       „ 

The  salt  is  very  sparingly  soluble  in  cold  water,  but  rather  more 
soluble  in  absolute  alcohol ;  it  is  practically  insoluble  in  other  ordinary 
organic  solvents.  A  cold  saturated  solution  in  absolute  alcohol  was 
found  to  contain  0-2784  gram  per  100  c.c.  This  solution  in  a  400  mm. 
tube  gave 

ao  =  -  0'^  20'  whence  [ajc  =  -  30°. 


Dextrotetrahydropapaverine  Dextro-a-hromocaniphorsulphonate, 
C.2oH.,,NO,,CioHi4BrO-S03H. 

This  salt,  when  the  sulphonate  of  the  Isevo-base  has  been  separated 
as  far  as  possible  from  it  by  crystallisation,  is  obtained,  on  evaporating 
the  solution,  as  an  almost  colourless  resin,  which  refuses  to  crystallise, 
even  after  being  kept  for  a  long  time  in  the  desiccator,  and  becomes 
cotistaiit  in  weight  at  100°.  We  were  unable,  as  will  be  seen  from  the 
behaviour  of  the  base  obtained  from  it,  to  free  it  wholly  from  the  salt 
of  the  Isevo-base. 

La;voielrahi/dropapaverine,  CgoHggNO^. 

The  base  is  prepared  from  purified  Inevotetrahydropapaverine  dextro- 
a-bromocamphorsulphonate  by  dissolving  the  salt  in  much  hot  water, 
adding  excess  of  ammonia,  and  allowing  the  solution  to  cool,  when  Ijevo- 
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tetrahydropapaverine  separates  in  minute  crystals.  The  hevo-base  is 
very  different  in  appearance  from  tliat  of  its  racemic  isomeride ;  the 
crystals  of  the  latter,  Avhile  in  the  mother  liquor,  appear  much  more 
transparent  and  granular  than  those  of  the  optically  active  isomeride. 

The  crystals  obtained  by  precipitating  the  hydrochloride  with  am- 
monia under  conditions  similar  to  those  described  when  the  racemic 
base  was  precipitated  for  microcrystallographic  examination,  seem  to 
vary  in  kind  with  the  temperature  of  precipitation.  Sometimes  the 
crystals  are  flattened  pyramids  on  a  square  base,  the  side  edges  con- 
sisting of  two  lines  containing  a  crystallographically  small  re-entrant 
angle  ;  the  extinction  is  straight  with  the  sides,  the  optic  axial  plane 
is  parallel  to  one  side,  a  bisectrix  of  positive  double  refraction  emerges 
in  the  centre  of  the  field,  and  the  optic  axes  emerge  outside  the  field. 
Sometimes  also  the  crystals  of  the  Isevo-base  are  minute,  six-sided 
plates,  the  top  faces  of  which  are  perpendicular  to  an  acute  bisectrix 
of  negative  double  refraction  ;  the  optic  axial  angle  is  very  small,  and 
the  crystals  are  often  nearly  uniaxial.  Whether  these  two  kinds  of 
crystals  are  crystallographically  identical  and  merely  differ  in 
orientation,  or  whether  they  contain  different  proportions  of  water  of 
ci-ystallisation,  is  not  at  present  clear. 

It  is,  however,  evident  that  the  crystals  of  the  Ijevo-base  are  quite 
different  crystallographically  from  those  of  the  inactive  base  ob- 
tained under  similar  conditions  ;  the  inactive  base  is  therefore  racemic 
(Compare  Kipping  and  Pope,  Trans.,  1897,  71,  989.) 

The  base  precipitated  as  above  is  colourless,  and,  after  having 
been  collected  and  well  washed  with  cold  water,  is  dried  at  110° ;  as 
freshly  precipitated,  it  contains  water  of  crystallisation  and  eflloresces 
rapidly  in  the  air.  The  base  dried  at  110'',  melts  sharply  at  223—224° 
with  previous  discoloration.  The  following  analyses  refer  to  material 
dried  at  110°. 

I.  0-1272  gave  0-3257  CO2  and  0-0849  H^O.     C  =  69-83  ;  H  =  7-41. 
IT.  0-1384     „     0-3548  00.,    „    0-0915  H^O.     C  =  69-91  ;  H  =  7-37. 
III.  0-6218     „     22-6  c.c.  nitrogen  at  21°  and  767  mm.     N  =  4-27. 
C20H25NO4  requires  0  =  69-97;  H  =  7-29  ;  N  =  4-08  per  cent. 

The  following  determinations  of  its  specific  rotation  were  made. 

1-0008  gram,  made  up  to  25  c.c.  with  chloroform  and  examined  in  a 
200  mm.  tube,  gave  aD=  - 11°  29',  whence  [a]D=  -  143-4°. 

1*0953  gram,  made  up  to  25  c.c.  with  chloroform  and  examined  in  a 
100  mm.  tube,  gave  aij=  -  6°  33',  whence  [ajn^  -  149-5°. 
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Dextroletrahydrojxijjaverine,  C^oH.jgNO^ . 

The  base  sepai-ated  by  ammonia  from  the  resinous  dextrotetrahydro- 
papaverine  dextro-a-bromocamphorsulphonate  varies  in  melting  point 
from  196°  to  220°,  and  evidently  still  contains  the  lajvo-isomeride.  To 
free  it  from  this  is  not  easy,  because  all  the  salts  of  the  active  bases 
which  we  have  yet  examined  are  more  soluble  than  those  of  the  corre- 
sponding racemic  base.  The  crude  dextro-base  was  converted  into  its 
acid  oxalate,  and  the  solution  repeatedly  evaporated,  the  racemic 
oxalate  which  separated  being  removed  and  the  residue  redissolved  ; 
since  the  racemic  oxalate  is  but  sparingly  soluble  in  water,  whilst  the 
oxalate  of  the  dextro-base  is  very  soluble,  a  considerable  amount  of 
purification  is  thus  effected.  The  oxalate  of  the  dextro-base  crystal- 
lises in  large,  colourless  pyramids  which  effloresce  in  the  air  ;  the  base 
separated  from  it  by  treatment  first  with  calcium  chloride  and  then  with 
ammonium  hydroxide,  is  indistinguishable  from  laivotetrahydropapa- 
verine.  After  drying,  it  melts  at  223 — 224°  with  previous  discolora- 
tion, and  gave  the  following  analytical  results. 

I.  0-1275  gave  0-3272  CO2  and  0-0847  H.,0.     C  =  69-98  ;  H  =  7-38. 

ir.  0-1355     „     0-3471  CO2    „    0-0908  h'oO.     C  =  69-86  ;  H  =  7-45. 

CgoHgjNO^  requires  C  =  69-97;  H  =  7-29  per  cent. 

1-0844  gram  of  the  base,  dried  at  110°,  made  up  to  25  c.c.  with 
chloroform,  and  examined  in  a  100  mm,  tube,  gave  ai,=  +6°  40', 
whence  [a]D=  +153-7°. 

1 -0005  grams  of  the  base,  dried  at  110°,  made  up  to  25  c.c.  with 
glacial  acetic  acid  and  examined  in  a  100  mm.  tube,  gave  aD=  +  7°  56', 
whence  [a]D=  +198-3°. 

The  crystallographic  properties  of  the  dextro-base  are  indistinguish- 
able from  those  of  the  hevo-base,  and  the  qualitative  behaviour  of  both 
towards  solvents  is  similar  to  that  of  racemic  tetrahydropapaverine. 
On  precipitating  with  ammonia  a  solution  in  which  equal  weights  of 
the  dextro-  and  Isevo-tetrahydropapaverines  have  been  dissolved,  the 
racemic  base  melting  at  200 — 201°  is  obtained. 

A  scrutiny  of  the  specific  i-otatious  of  the  two  active  bases  shows 
discrepancies  indicating  that  the  methods  of  purification  adopted  are 
not  quite  satisfactory.     This  matter  is  still  under  investigation. 

Sejxiration  of  the  Oplicalbj  Active  TetrahydrojiaiKiverines  by  means  of 
iJextro-a-chlorocamjyhorsul phonic  A cid. 

A  titrated  solution  of  dextro-a-chlorocamphorsulphonic  acid  pre- 
pared from  the  ammonium  salt  in  the  same  way  as   the   solution  of 
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the  bromo-acid  may  also  be  used  for  the  resolution  of  racemic  tetra" 
hydropapaverine  ;  its  use,  however,  offers  no  advantages  over  that  of 
the  bromo-acid,  and  the  separation  seems  a  little  more  difficult  to  effect 
owing  to  Isevotetrahydropapaverine  dextro-a-chlorocamphorsulphonate 
crystallising  rather  less  satisfactorily  than  the  bromocamphorsulphonate. 
As  was  to  be  expected,  the  separation  proceeds  similarly  in  the  two 
cases,  and  a  separate  description  of  the  resolution  by  means  of  the 
chloro-acid  is  unnecessary. 

LcBvotetrahydropapaverine  Dextro-a-chlorocampliorsulphonate, 

aoH^sNO^.CioHi.ClO-SOaH. 

This  salt  is  the  first  to  separate  on  crystallising  racemic  tetrahydro- 
papaverine  with  the  requisite  amount  of  dextro-a-chlorocamphorsul- 
phonic  acid.  After  recrystallisation  from  boiling  water,  it  is  obtained 
in  long,  colourless  needles  indistinguishable  in  appearance  from  the 
crystals  of  Isevotetrahydropapaverine  dextro-a-bromocamphorsulphonate 
described  above  ;  it  melts  at  300 — 305°  with  profound  decomposition, 
and  darkens  at  270°.     The  following  analytical  results  were  obtained. 

I.  0-1469  gave  0-3169  CO.,  and  0-0876  H2O. 

II.  0-1522     „     0-3288  CO^    „    0-0915  H^. 

III.  0-5890     „     0-1415  AgCl  „    0-2196  BaSO^. 

YI.  0-5779     „     0-1379  AgCl  „    0-2175  BaSO^. 

Theory  for 
I.  II.  III.  lY.  CaoH^oNClSOg. 

C 58-83  58-91  —  —         59-07  per  cent. 

H 6-63  6-68  —  —  6-56 

CI —  —         5-93         5-89  5-81 

S  —  —         5-12         5-17  5-25         „ 

Microcrystallographic  examination  shows  that  the  crystals  are  iso- 
morphous  with  those  of  Isevotetrahydropapaverine  dextro-a-bromo- 
campborsulphonate ;  the  large  face  of  the  needles,  however,  shows  a 
distinct  nea.rly  straight  extinction,  the  optic  axis  emerging  less  nearly 
perpendicular  to  the  face  than  in  the  crystals  of  Isevotetrahydropapaverine 
dextro-a-bromocamphorsulphonate.  A  bisectrix  of  positive  double 
refraction  emerges  through  the  large  face. 

The  resinous  dextrotetrahydropapaverine  dextro-a-chlorocamphor- 
sulphonate  remaining  in  the  mother  liquors  was  not  further  examined. 

LcBvotetrahydropapaverine  from  LcBvotetrahydropapaverine  Dextro- 
a-chlorocainphorsulphonate. 

On  treating  Isevotetrahydropapaverine  dextro-a-chlorocamphorsul- 
phonate  with  ammonia,  it  yields  the  Isevo-base  just  as  does  the  Isevo- 
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tetrahydropapaverine    dextro-a-bromocamphorsulphonate.      The    base, 
after  drying  at  110',  forms  a  white  powder  melting  at  223 — 224°. 

Attempts  to  resolve  Bacemic  Tetrahydrojjajiaverine  hy  means  of  Reychler^s 
GamphoTsidphonic  Acid. 

The  camphorsulphonic  acid  which  Reychler  has  recently  prepared 
{Bui.  Soc.  Chim.,  1898,  [iii],  19, 120)  in  so  elegant  a  manner  by  the  action 
of  a  mixture  of  acetic  anhydride  and  sulphuric  acid  on  camphor,  is  very 
easily  obtained  pure  in  large  quantities  ;  being  a  powerful  monobasic 
optically  active  acid,  it  is  naturally  applicable  to  the  resolution  of 
racemic  bases  into  their  optically  active  components.  When  crystal- 
lised with  racemic  tetrahydropapaverine,  however,  it  yields  a  syrupy 
mixture  of  very  soluble  salts  which  crystallise  on  standing.  Since 
this  acid  is  not  so  well  adapted  to  the  resolution  of  racemic  tetrahydro- 
papaverine as  the  acid  of  Kipping  and  Pope,  its  use  in  this  particiilar 
case  was  abandoned. 

Instances  in  which  this  acid  may  be  advantageously  applied  will  be 
shortly  published. 

Chemical  Department, 

Goldsmiths'  Institute, 
New  Ckoss. 


XC. — Ilie  Non-resolution  of  Racemic  Tetrahydropapa- 
verine hy  Tartaric  Acid. 

By  William  Jackson  Pope  and  Stanley  John  Peachey. 

On  the  publication  of  our  note  (Proc,  1898,  122)  announcing  the 
racemic  nature  of  tetrahydropapaverine  and  its  resolution  into 
optically  active  components,  G.  Goldschmiedt,  who  first  prepared 
this  base  {Jlonats.,  1886,  7,  485),  published  a  paper  {Monats.,  1898, 
19,  321)  in  which  he  stated  that  he  has  been  occupied  for  several  years 
on  the  same  problem,  and  that,  although  he  did  not  succeed  in  resolving 
the  racemic  base,  he  had  prepared  its  dextrotartrate,  determining 
its  composition,  and  establishing  many  points  of  intei'est  concei'ning 
the  salt. 

During  the  course  of  our  work  (see  preceding  paper),  we  prepared 
and  carefully  examined  this  salt,  but  the  appearance  of  Goldschmiedt's 
pa{»cr  renders  the  publication  of  much  of  our  work  on  the  subject 
superlluous.  There  are,  however,  several  points  about  the  compound 
which  make  it  one  of  great  interest. 

Goldschmiedt  states  that  racemic  tetrahydropapaverine  forms  a  single 
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salt  with  dextrotartaric  acid  of  the  composition  {C2oH25N04)2,C4HgOe  + 
17H.,0,  and  attributes  his  failure  to  resolve  the  base  to  the  fact  that 
this  compound  is  a  neuti'al  salt,  and  that  no  acid  salt  could  be  pre- 
pared. We  also  were  unable  to  prepare  an  acid  dextrotartrate  from 
the  racemic  base,  and  obtained  the  neutral  salt  which  has  the  com- 
position he  assigned  to  it. 

On  allowing  its  hot  aqueous  solution  to  cool  slowly,  the  tartrate 
ci'ystallises  in  small,  colourless,  transparent  prisms,  which  have  a 
brilliant  lustre  and  effloresce  on  exposure  to  the  air.  The  crystals, 
which  were  examined  in  order  to  demonstrate  that  the  salt  is  not  a 
mixture,  belong  to  the  monosymmetric  system,  the  dominant  form 
being  j^  {110}  (Fig.  1)  ;  the  next  largest  form  observed  is  q  {011}  and 
the  faces  of  this  form  give  the  best  reflections  of  any  on  the  crystals. 
The  two  pinacoids  a  {100}  and  b  {010}  are  rarely  observed  and  are  always 
very  small.  It  is  difficult  to  obtain  trustworthy  measurements  of 
these  ci'ystals,  inasmuch  as  the  faces  are  all  rather  distorted. 

Crystcclline  /Si/stem. — Monosymmetric. 

a:b:c  =  M464:l  :0-7932 

(3  =  82°  30' 

Forms  observed.— a  {100},  b  {010},  p  {110},  and  q  {Oil}. 

Fig.  1. 


The  following  angular  measurements  were  obtained. 


Angle. 

Number  of 
measurements. 

Limits. 

Mean 
observed. 

Calculated. 

ap  =  100:110 

26 

47°38'—  49°41' 

48°27' 

48°39-5' 

^  =  110:110 

42 

81  56—  83  39 

82  41 

— 

jp^  =  110:110 

37 

96  12—97    1 

97  10 

97  19 

bp  =  0\0:UO 

16 

40  22—  42  19 

41  12 

41  20-5 

5^=010:011 

13 

50  48  —  52  35 

51  38 

51  49 

qq  =011  :011 

48 

75  14—  77  36 

76  22 



gq=  on  ;011 

29 

102  40—104  52 

103  47 

103  38 

pq  =110:011 

24 

65  17—  67  58 

66  39 

— 

i?gr  =110:011 

9 

56  31—59    0 

57  14 

57  52 
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The  crystals  are  very  brittle  and  show  no  definite  cleavage.  On 
examination  through  ;;  {110),  the  extinction  is  seen  to  be  very  oblique 
to  the  long  edge  of  the  crystals,  and  one  optic  axis  of  a  biaxial 
interference  figure  is  observed  emerging  in  the  field. 

Landolt  {Ber.,  1873,  6,  1077)  showed  that  the  metallic  tartrates 
have  nearly  the  same  molecular  rotation,  namely,  [M]d=:  +58'1°  to 
+  64*6°,  in  fairly  dilute  aqueous  solution,  so  that  the  molecular  rotation 
of  the  salt  is  nearly  independent  of  the  base  which  it  contains.  These 
results  have  been  extended  by  Oudemans  {Annalen,  1879,  197,  48,  66  ; 
1881,  209,  38),  Tykociner  {Rec.  Trav.  Chim.,  1882,  1,  144)  and  others. 
It  was  therefore  to  be  expected  that  the  molecular  rotation  of  racemic 
tetrahydropapaverine  dextrotartrate  would  also  have  a  value  of  about 
+  60°;  the  sparing  sokibility  of  the  salt  renders  the  accurate  determina- 
tion of  the  molecular  rotation  diflBcult. 

A  solution  of  0'9539  gram  of  the  salt  dried  at  100°,  made  up  to 
100  c.c.  with  water,  gave  0^=  4-0°  17'  in  a  400  mm.  tube,  whence 
[a]o=  -^7-43°  and  [M]i,=  +63-4°. 

A  solution  of  1*0069  grams  of  salt  dried  at  100°,  made  up  to  100  c.c. 
with  water,gave  [aju  =  +  0°18'  in  a  400  mm.  tube,  whence  [a]0=  +  7*45° 
and  [M]d=  -f-63-6°. 

A  solution  containing  1*1397  grams  in  100  c.c.  crystallised  on  cooling. 
The  mean  values  are  [a]u=  -I- 7*44°  and  [M]d=  -I- 63  "5°  so  that  the 
molecular  rotation  is,  within  the  limits  of  experimental  error,  of  the 
same  magnitude  as  those  of  the  metallic  tartrates. 

After  adding  excess  of  ammonium  hydroxide  to  the  hot  solution  of 
the  salt  and  allowing  to  cool,  the  base  separates  as  minute,  glistening 
needles  which,  after  drying  at  110°,  melt  at  200 — 201°;  a  polarimetric 
examination  of  a  chloroform  solution  containing  2  grams  per  25  c.c.  in 
a  200  mm.  tube  showed  the  base  to  be  racemic  tetrahydropapaverine. 

Since  we  have  previously  demonstrated  the  racemic  nature  of 
inactive  tetrahydropapaverine,  it  is  obvious  that  the  neutral  tarti'ate 
contains  a  molecule  each  of  the  dextro-  and  Ifovo-base  to  each  molecule 
of  tartaric  acid.  The  compound  is  therefore  one  of  the  kind  which 
Ladeuburg  has  recently  discovered  {£er.,  1808,  31,  524)  and  described 
as  "  halbracemisch,"  a  term  which  may  be  translated  as  "  hemiracemic." 
The  failure  to  resolve  racemic  tetrahydropapaverine  by  crystallisation 
with  tartaric  acid  must  be  attributed  to  the  occurrence  of  partial 
racemism,  and  not  to  the  fact  that  the  base  does  not  yield  an  acid 
tartrate.  There  seems  no  d,  priori  reason  why  a  racemic  base  should 
not  be  resolvable  by  crystallising  its  neutral  salt  with  an  optically 
active  acid  as  well  as  by  crystallising  its  acid  salt ;  in  fact,  we  resolved 
the  base  by  moaii-^  <>f  its  neutral  salts  with  dextro-a-bromocamphor- 
sulphonic  acid. 

Up  to  the  present,  the  following  partially  racemic  compounds  have 
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been  described  namely,  quinine  racemic  pyrotartrate  (Ladenburg,  Ber., 
1898,  31,  524,  937),  and  strychnine  racemate  (Ladenburg  and  Doctor, 
Ber.,  1898,  31,  1969). 

Racemic  tetrahydropapaverine  dextrotartrate  is  thus  the  first 
partially  racemic  substance  containing  an  externally  compensated 
base  which  has  been  examined  ;  it  should,  however,  be  mentioned  that 
Ladenburg  notes  his  inability  {Ber.,  1894,  27,  75  ;  1898,  31,  524)  to 
resolve  inactive  ^-pipecoline  by  means  of  its  bitartrate  at  the  tempera- 
ture of  the  water  bath,  owing  apparently  to  the  occurrence  of  partial 
racemism. 

It  must  be  concluded  that  if  an  inactive  substance  cannot  be  resolved 
into  optically  active  compounds  by  crystallising  its  salts  \?ith  an 
optically  activ3  base  or  acid,  it  is  nevertheless  still  possible  that  the 
inactive  compound  is  an  externally  compensated  substance. 

The  authors  desire  to  acknowledge  their  indebtedness  to  the  Research 
Fund  Committee  of  the  Chemical  Society  for  a  grant  enabling  them  to 
carry  out  the  investigations  described  in  these  papers. 

Chemical  Department, 

Goldsmiths'  Institute, 
New  Cross. 


XCI. — Composition  of  American  Petroleum. 

By  Sydney  Young,  D.Sc,  F.R.S. 

In  1895  (Trans.  1897,  71,  442),  a  successful  attempt  was  made  by  the 
author,  in  conjunction  with  Mr.  G.  L.  Thomas,  to  separate  pure  speci- 
mens of  normal  and  iso-pentane  from  American  petroleum,  a  combined 
dephlegmator  and  regulated  temperature  still-head  being  employed  for 
the  fractional  distillation. 

Earlier  in  the  same  year  (Proc,  1895-6,  p.  172),  a  specimen 
of  nearly  pure  normal  hexane  was  obtained  from  "petroleum  ether" 
by  fractional  distillation  with  a  dephlegmator  {Chem.  News,  1895,  71, 
177),  with  12  columns,  but  even  after  treatment  with  a  mixture  of 
concentrated  sulphuric  and  nitric  acids,  the  hexane  was  slightly 
heavier  (0*17  per  cent.),  than  pure  hexane  from  propylic  iodide. 

These  results  appeared  sufficiently  encouraging  to  warrant  the 
anticipation  that,  by  the  fractional  distillation  of  a  larger  quantity  of 
the  petroleum  ether  with  the  aid  of  the  combined  dephlegmator  and 
regulated  temperature  still-head,  after  removal  of  benzene  from  the 
"  ethsr  "  by  treatment  with  mixed  sulphuric  and  nitric  acids,  pure 
specimens  of  both  normal  and  iso-hexane  might  be  separated. 

This  expectation  has  not  been  fully  realised,  nor  has  it  been  found 
possible  to  obtain  the  heptanes  in  a  pure  state  merely  by  fractional 
distillation.     A  comparison,  however,  of  the  resvilts  obtained  in  these 
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investigations  with  those  of  Markownikoff,  Zelinsky  and  others,  in 
their  recent  examination  of  Russian  petroleum,  and  of  Lachowicz  in 
his  study  of  Galician  petroleum,  appears  to  show  that  the  same  hydro- 
carbons are  present  in  the  oils  from  all  these  sources,  and  that  the 
considerable  differences  in  the  specific  gravity  of  fractions  boiling 
within  the  same  range  of  temperature  are  simply  due  to  differences  in 
the  relative  proportions  of  the  three  classes  of  hydrocarbons — paraffins, 
naphthenes,  and  aromatic  compounds. 

Evidence  has,  in  fact,  been  obtained  of  the  presence  of  the  following 
hydrocarbons  boiling  between,  say,  25°  and  115°,  in  "  petroleum  ether  " 
from  American  petroleum. 


Name. 

Boiling  point 
760  mm. 

Kemarks. 

Isopentane  

27-95° 
36-3" 

About  50° 
About  61° 

68-95° 

About  72° 
80-2° 
80-8° 

90-3° 

About  94° 

98-4° 

About  102° 
110-8° 

{  Obtained  quite  pure  by  fractional 
y      distillation,    after    treatment 

Novnial  pentano    

^      with    mixed    sulphuric     and 
(      nitric  acids. 

Pentamethylene     

Isohexane   

It  is  not  improbable  that  other 
hexanes  maj^  be  present  in 
small  quantity. 

Quite  pure  by  heating  with 
fuming  nitric  acid  after  frac- 
tionation. 

Iformal  hexane 

Methylpentamethylene    

Benzene  

Hexamethylene 

Separated  in  nearly  pure  state  by 
MissE.  C.  Fortey,  B.Sc;  pure 
from  Galician  petroleum. 

Other  isomerides  may  be  present. 

Doubtful. 

Nearly  pure  by  bromination, 
fractionation  of  bromides,  and 
reduction  of  heptylic  bromide. 

Isnheptane  

?  Dimethylpentamethylene  ... 
Normal  heptane 

M  ethylhexamothylene 

Toluene   

It  has  been  suggested  by  Markownikoff  that  trimethylene  and 
tetramethylene  and  their  homologues  may  be  present  in  Russian  petrol- 
eum, although  no  evidence  has,  so  far  as  I  know,  been  brought  forward 
in  support  of  this  view.  So  far  as  American  petroleum  is  con- 
cerned, there  is  evidence  of  the  absence  of  tetramethylene  and 
methyltetramethylene,  for  both  normal  and  iso-pentane  were  obtained 
<|uite  pure  by  fractional  distillation,  and  this  would  not  have  been  the 
case,  at  any  rate  without  far  greater  difficulty  than  was  actually  exper- 
ienced, if  any  other  hydrocarbons  had  been  present  boiling  between 
20''  and  45°.  Now  the  boiling  point  of  methyltetramethylene  is  given 
by  W.  H.  Perkiu,  jun.,  as  39—42°,  and  that  of  tetramethylene  itself 
would  be  about  20'^  lower. 
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Isopentane  and  Normal  Pentane. 

The  separation  of  these  paraffins  has  been  fully  described  in  the 
Transactions  (1897,  71,  442),  and  a  diagram  of  the  apparatus  em- 
ployed is  there  given.     Both  substances  were  shown  to  be  quite  pure. 

Lachowicz  (^Annalen,  1883,  220,  188)  separated  isopentane  (b.  p. 
29 — 30°),  and  normal  pentane  (b.  p.  37°),  from  Galician  petroleum,  and  in 
the  same  year  Mendel6eff  showed  that  the  fractions  from  30°  to  40° 
obtained  by  distilling  Russian  petroleum  had  the  same  specific  gravity 
as  similar  fractions  from  Pennsylvanian  petroleum.  Aschan  also 
separated  isopentane  from  Baku  petroleum  {Ghem.  Zeit.,  1897,  21,  288). 


Pentamethylene. 

The  comparatively  small  portion  of  the  "  petroleum  ether  "  which 
boiled  between  40°  and  60°  was  subjected  to  fractional  distillation  with 
the  combined  dephlegmator  and  regulated  temperature  still-head,  and 
it  was  found  that  a  small  quantity  of  liquid  boiling  at  about  50°  could  be 
separated.  The  amount  was,  however,  too  small  to  allow  of  satisfac- 
tory results  being  obtained  with  the  large  apparatus,  and,  after  9 
fractionations,  the  distillation  was  continued  with  the  dephlegmator 
with  12  columns. 

The  boiling  points — in  all  cases  corrected  to  760  mm., — the  weights 
of  each  distillate,  the  ratios  of  weight  to  temperature  range,  and  the 
specific  gravities  of  the  best  fractions  are  given  below. 

After  'd  fractionations  with  large  apparatus. 


No.  of 
fraction. 

Boiling  point. 

Weight 
A  W. 

A  VJ 
A  t 

Sp.  gr.  074°. 

1 
2 
3 
4 
5 
6 

44-6  -48-7° 
48-7  —49-55 
49-55—49-9 
49-9  —51-05 
51-05—53-7 
53-7  —57-25 

9-9  grams. 
15-0       „ 
16-8       „ 
16-8       „ 
15-8       ,, 
16-2       „ 

2-4   V 
17-6 
48-0 
14-6 

6-0 

4-6 

not  taken 
0-7014 
0-7011 
0-7045 
0-6919 
0-6836 

After  6  additional  fractionations  with  dephlegmator. 


47-35—49-5°* 
49-5  —49-6 
49-6  —50-35 
50-35—56-4 


11-5  grams. 
16-3       „ 
16-0       ,, 
15-0       ,, 


5-3 

163-0 

20-0 

2-5 


0-7029 

0-7035 

0-6975 

not  taken 


Mostly  above  49°. 


3  P  2 
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The  vapoux-  density  of  fraction  2  (b.  p.  49-5 — 49-6°)  was  found  to  be 
39-25  [calc.  for  C^ll^n  =  ^^>  ^^^  C^Hj^  =  43]  and  corresponds  roughly 
to  an  equal  number  of  molecules  of  pentamethylene  and  hexane.  The 
high  specific  gravity  proves  conclusively  that  a  substance  other  than 
a  paraffin  is  present,  and  the  fact  that  a  mixture  of  concentrated 
sulphuric  and  nitric  acids  has  no  action  on  it  in  the  cold,  points  to  its 
being  a  polymethylene  hydrocarbon.  Fuming  nitric  acid  had  no  per- 
ceptible action  on  the  liquid  at  the  ordinary  temperature,  but  when 
heated  on  the  water  bath  until  the  hydrocarbon  boiled  vigorously, 
there  was  slow  and  regular  action.  No  nitro-compound  appeared  to 
be  formed  for,  after  one  day's  heating,  the  acid  gave  no  turbidity  on 
dilution  with  water.  On  evaporating  the  diluted  acid  to  dryness, 
however,  a  residue,  consisting  of  oxalic,  succinic,  and  glutaric  acids, 
was  left. 

On  heating  with  fairly  dilute  nitric  acid  at  about  150°  in  sealed 
tubes  for  2|  hours,  a  good  deal  of  hydrocarbon  disappeared,  and  the 
residue  consisted  of  a  mixture  of  a  liquid  nitrocompound  and  un- 
altered hydrocarbon  (b.  p.  49-8 — 50-5°).  The  nitric  acid,  on  evapora- 
tion, left  a  residue,  consisting  chiefly  of  glutaric  acid,  which,  after 
purification,  melted  sharply  at  97-5 — 98°,  and  gave  a  barium  salt 
easily  soluble  in  water,  but  precipitated  by  alcohol. 

The  quantity  of  nitro-compound  was  too  small  for  satisfactory 
examination. 

These  results  agree  perfectly  with  those  obtained  by  Markownikoff 
with  Russian  petroleum  (Annalen,  1898,  301,  154).  Two  specimens 
of  petroleum  from  different  sources  were  fractionated  by  him  with  a 
Le  Bel  Henninger  dephlegmator,  the  fractions  being  collected  at 
intervals  of  2°.  The  quantity  of  liquid  between  40°  and  50°  is  only 
stated  in  one  case  but,  from  the  context,  it  is  clear  that  it  was  very 
small  in  both.  The  specific  gravities  at  15°/15°  are  given  in  both  cases, 
and  it  will  be  seen  that  there  is  a  maximum  at  about  50°. 


I. 
Sp.  gr. 

J] 

Temperature. 

Sp.  gr. 

Weight. 

46—48° 
48—50 
60—52 
52—54 

r.i    r>i; 

0-683 
0-689 
0-691 
0-686 
0-678 

0-704 
0-718 
0-716 
0-700 
0-668 

3  grams 
24       „ 
51       „ 
19       ,, 

7       •) 

Markownikoff  purified  his  petroleum,  before  fractionation,  by  treat- 
ment with  a  mixture  of  sulphuric  and  nitric  acids ;  by  heating  the 
48 — 52°  fractions  with  dilute  niti-ic  acid  under  pressure,  he  obtained 
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a  nitro-compound  and  glutaric  acid,  and  he  obtained  similar  results 
with  a  specimen  of  pentamethylene  (sp.  gr.  15°/15°  =  0-751)  prepared 
synthetically  {Ber.,  1897,  30,  974). 

Isohexane  (and  Isomerides  of  lower  Boiling  Point  ?). 

The  peti-oleum  boiling  from  about  56*^  to  72°,  after  repeated  treat- 
ment with  a  mixture  of  sulphuric  and  nitric  acids,  was  fractionated 
with  the  combined  dephlegmator  and  regulated  temperature  still-head. 

As  regards  the  portion  boiling  below  65°,  it  is  evident  that  there  is 
a  considerable  quantity  of  a  hydrocarbon  boiling  at  a  temperature  not 
far  from  60-5°,  presumably  isohexane,  and  the  low  specific  gravity 
shows  that  polymethylene  compounds  are  absent  or,  at  any  rate,  that 
their  amount  is  inconsiderable.  It  was  not,  however,  found  possible 
to  separate  a  liquid  of  absolutely  constant  boiling  point  and,  indeed, 
no   improvement  is  noticeable  in  the  last  six  fractionations. 

The  results  of  the  11th  and  17th  fractionations  are  given  below. 


XI. 

XVII. 

No.  of 
fraction. 

Temperature. 

A  W 
A  t 

Sp.  gr. 
074° 

No.  of 
fraction. 

Temperature. 

A  W 
A  t 

Sp.  gr. 
074° 

1 

56-0  —59-8° 

75 

0-6766 

_ 



2 

59-8  —59-9 

268 

0-6745 

2 

59-9  —60-05° 

320 

0-6738 

3 

59-9  —60-3 

306 

0-6737 

3 

60-05—60-3 

342 

0-6733 

4 

60-3  —60-6 

551 

0-6734 

4 

60-3  —60-55 

449 

0-6729 

5 

60-6  —60-85 

790 

0-6735 

5 

60-55—60-75 

626 

0-6728 

6 

60-85—61-15 

541 

— 

6 

60-75—61-0 

500 

0-6730 

7 

61-15-61-55 

348 

— 

7 

61-0  —61-3 

340 

0-6738 

8 

61-55—62-05 

308 

0-6758 

8 

61-3  —61-7 

288 

— 

9 

62-05- 62-75 

213 

— 

9 

61-7  —62-15 

186 

0-6762 

10 

62-75—63-75 

149 

— 

10 

62-15—62-65 

200 

— 

11 

63-75—65-0 

52 

0-6801 

11 

62-65—63-1 

198 

0-6792 

It  will  be  seen  that,  after  the  17th  fractionation,  there  is  a  minimum 
specific  gravity  and  a  maximum  ratio  of  weight  of  distillate  to  tem- 
perature range  (Aty/A<)  in  the  5th  fraction.  The  variation  of  specific 
gravity  with  boiling  point  is  very  slight  and,  in  this  respect,  the 
results  resemble  those  with  isoheptane,  but  differ  entirely  from  those 
obtained  with  the  normal  hexane  and  normal  heptane  fractions. 

Comparing  the  11th  and  17th  fractionations,  the  ratios  Atu/A^  for 
fractions  2  and  3  show  a  moderate  increase,  but  those  for  the  higher 
ones  a  decrease. 

If  there  were  no  other  substance  present,  besides  isohexane,  with 
a  boiling  point  between  those  of  pentamethylene  and  normal  hexane, 
there  seems  no  reason  why  a  progressive  improvement  should  not  take 
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place  in  the  ratio  A.w/At  for  the  best  fraction.  If,  on  the  other  hand, 
an  isomeric  paraffin  were  present,  with  a  boiling  point  not  very 
different  from  that  of  isohexane,  one  would  expect  the  ratios  to  in- 
crease up  to  a  certain  point  while  the  mixture  of  isomeric  hexanes 
was  separating  as  a  whole  from  the  pentamethylene  on  the  one  hand, 
and  the  normal  hexane  on  the  other.  Afterwards,  the  two  isomeric 
hexanes  would  begin  to  separate  from  each  other,  and,  if  their  boiling 
points  were  sufficiently  far  apart,  the  ratios  AivjAt  would,  after  a  time, 
show  two  maxima,  just  as,  in  the  separation  of  the  pentanes  from 
petroleum  there  was  first  a  single  maximum  at  about  33°,  followed  by 
a  minimum  at  about  this  temperature  and  two  maxima,  one  at  28"  and 
the  other  at  36"3°  (compare  the  curves.  Trans.,  1897,  71,  444).  But 
if  their  boiling  points  were  very  near  together,  the  process  of  separa- 
tion would  be  exceedingly  slow  and  perhaps  impossible  to  carry  out 
completely,  and  the  ratios  Awjilt  would  then  show  but  slight  change. 

The  slight  increase  in  the  ratios  for  fractions  2  and  3  and  the  de- 
crease for  the  higher  fractions  would  seem  to  indicate  the  presence  of 
a  relatively  small  quantity  of  an  isomeric  hexane  of  somewhat  lower 
boiling  point  than  isohexane.  Again,  the  fact  that  the  liquid,  con- 
sisting of  a  mixture  of  pentamethylene  and  a  hexane,  boiled  nearly 
constantly  at  49 '5°  makes  it  not  improbable  that  a  fourth  isomeric 
hexane  may  be  present  in  very  small  quantity. 

During  the  present  year,  two  papers  have  been  published,  one  by 
Aschan  {Ber.,  1898,  31,  1801),  the  other  by  Markownikoff  {Annalen, 
1898,  301,  154),  in  which  it  is  stated  that  di-isopropyl  (b.  p.  57—59°, 
Aschan ;  58 — 62°,  Markownikoff)  is  present  in  Eussian  petroleum, 
and  Markownikoff  considers  it  probable  that  trimethylethylmethane  is 
present  in  the  fraction  boiling  at  about  47°,  and  that  other  isomerides, 
isohexane,  &c.,  may  also  be  present  in  the  fractions  fi'om  58  to  64°. 

At  present,  the  question,  which  of  the  hexanes,  in  addition  to  the 
normal  and  iso-compound,  ai-e  present  in  American  and  Russian 
petroleum,  cannot  be  regarded  as  settled,  and  it  seems  better  to  defer 
the  further  examination  of  American  petroleum  until  pure  specimens 
of  the  isomeric  hexanes  have  been  prepared  synthetically.  Lachowicz 
{loc.  cit.)  states  that  he  separated  isohexane  (b.  p.  60 — 61°)  from 
Galician  petroleum. 

Normal  Hexane. 

With  regard  to  the  hexane  fractions,  freed  from  benzene  and  boil- 
ing from  65'^  to,  say,  72°,  it  was  quite  evident,  after  a  few  fractiona- 
tions, that  whilst  normal  hexane  was  present  in  large  quantity,  there 
was  also  another  hydrocarbon,  of  much  higher  specific  gravity,  boiling 
a  very  few  degrees  higher.  The  researches  of  Markownikoff  and 
Zelinsky  made  it  probable  that  this  substance  might  be  methylpenta- 
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methylene,  and  that  this  polymethylene  compound  might  be  removed 
by  heating  the  liquid  with  fuming  nitric  acid.  Accordingly,  after  the 
fourteenth  fractionation,  each  fraction  was  separately  subjected  to  this 
treatment  for  five  days,  the  acid — about  equal  in  volume  to  the  hydrocar- 
bon— being  removed  and  fresh  acid  added  after  the  first  and  third  days. 

The  result  was  satisfactory,  and  it  was  found  that,  not  only  was  the 
methylpentamethylene  removed  by  the  nitric  acid,  but  also  the  iso- 
hexane,  a  solid  trinitrohexane  being  formed  in  considerable  quantity. 
After  treatment  with  the  acid,  the  fractions  were  separately  shaken 
with  strong  sulphuric  acid  several  times,  then  with  caustic  soda,  and 
finally  with  water.  They  were  subsequently  dried  with  phosphorus 
pentoxide,  distilled  over  sodium  wire,  and  fractionated  several  times 
with  the  1 2-column  dephlegmator  to  remove  the  last  traces  of  dissolved 
nitrocompounds. 

The  results  of  the  ninth  and  fourteenth  fractionations,  and  of  the 
final  fractionation  after  treatment  with  nitric  acid,  are  given  in  the 
table  on  page  912. 

As  the  boiling  point  of  pure  normal  hexane  (from  propylic  iodide  and 
s"odium  is  68-95°*  and  the  sp.  gr.  at  074°  is  0-67697,  it  will  be  seen 
that  the  five  lowest  fractions  were  quite  pure,  and  that  the  three  higher 
fractions  contained  only  a  very  small  amount  of  a  heavier  compound. 

The  critical  temperature  and  pressure  of  fraction  3  were  determined 
and  the  constants  are  compared  below  with  those  of  normal  hexane 
from  propylic  iodide.  The  vapour  pressures  and  specific  volumes  at  a 
few  temperatures  are  also  compared. 


Normal  hexane  from 

Petroleum. 

Propylic  iodide* 

Critical  temperature 

234-8 
22540 

3716 
13360 

234-8° 

, ,      pressure 

22510  mm; 

Vapour  pressure  at  130°  

3719 

200    

13349 

„             „          220     

18132                      18100 

,,             ,,          230    

20991                      20955 

Volume  of  a  gram  of  liquid  at  200°   

2-297                       2-291. 

.,                ,,                ,,       220     

2-627                       2-625 

„                ,,                ,,       230     

3-019         1              3-004 

Volume  of  a  gram  of  saturated  vapour  at  200°... 

„       220  ... 
„       230... 

15-88 
9-98 
7-11 

15-75  to  15-90t 
9-81  to    9-935 
7-10  to    7-135 

t  By  diflerent  methods. 


*  Not  69-0  as  stated  in  a  previous  paper  (Trans.,  1895,  67,  1072). 
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It  will  be  seen  that  the  agreement  is  perfectly  satisfactory. 
Lachowicz  (Joe.  cit.)  states  that  he  separated  normal  hexane  boiling  at 
70°  from  Galician  petroleum.  The  presence  of  normal  hexane  in 
Russian  petroleum  has  been  recognised  by  Markownikoff  and  others. 


Methylpentamethylene . 

The  rapid  rise  in  specific  gravity  of  the  fractions  between  69°  and 
70-15°  (see  previous  table),  together  with  the  fact  that  the  maximum 
value  of  ^w/At  is  at  a  temperature  but  slightly  higher  than  69-0°, 
indicates  the  presence  of  a  hydrocarbon  of  high  specific  gravity,  boiling 
but  little  higher  than  the  paraffin. 

The  behaviour  of  the  higher  fractions,  when  treated  with  fuming 
nitric  acid,  shows  that  the  heavy  hydrocarbon  is  methylpentamethylene, 
which  boils  at  about  71-5°,  and  has  a  sp.  gr.  of  about  0*766  at  0°. 
Markownikoff  {Ber.,  1897,  30,  1222)  gives  the  constants  for  three 
specimens,  prepared  synthetically;  Zelinsky  {Ber.,  1897,  30,  389) 
gives  those  for  a  single  specimen. 

Observer.  Boiling  point.  Sp.  gr. 

Markownikoff...  71-5—72°  at  742  mm.  0-76829  at  0°/0° 

71—72     „  755    „  0-76641  „     „ 

70-72-5        1  0-76615  „     „ 

Zelinsky  72°  0-7501     „  21°/4° 

Both  observers  find  that,  whilst  methylpentamethylene  is  not  acted 
on  by  a  mixture  of  nitric  and  sulphuric  acids  at  the  ordinary  tempera- 
ture and  is  but  very  slowly  attacked  at  the  boiling  point  of  the  hydro- 
carbon, great  heat  is  evolved  when  it  is  shaken  with  fuming  nitric 
acid,  and  Markownikoff  states  that  the  chief  oxidation  product,  other 
than  gases,  is  acetic  acid. 

As  regards  Russian  petroleum,  Markownikoff  made  a  direct  com- 
parison of  the  fraction  about  70°  with  synthesised  methylpenta- 
methylene, and  showed  that  this  fraction  consisted  of  a  mixture  of 
normal  hexane  and  methylpentamethylene.  Aschan  (Ber.,  1898,  31,-- 
1803)  also  finds  that  the  fractions  about  71°  behave  like  mixtures  of 
methylpentamethylene  with  a  paraffin.  By  heating  the  liquid  with  six 
times  its  volume  of  fuming  nitric  acid,  he  obtained  large  quantities  of 
acetic  and  succinic  acids,  and  a  small  quantity  of  an  indifferent  solid 
substance  melting  at  185 — 187.* 

The  fractions  from  69-95°  to  70-15°  which  I  obtained  from  American 
petroleum  became  hot  when   shaken  with  fuming   nitric  acid,  much 

*  "With  ordinary  concentrated  nitric  acid,  Aschan  found  that  nitrobenzene  was 
formed  in  considerable  quantity,  but  this  was  doubtless  due  to  the  presence  of 
benzene,  which  would  not,  as  he  supposes,  be  removed  by  fractional  distillation. 


014  YOUNG:  COMPOSITION   OF   AMERICAN   PETROLEUM, 

acetic  acid  being  formed.  The  higher  fractions  generally,  when  heated 
witli  the  fuming  acid,  were  rapidly  attacked  at  first,  and  after  pro- 
longed heating,  considerable  quantities  of  acetic  acid  and  also  oxalic 
and  succinic  acids  were  formed.  In  one  case,  a  small  amount  (0"8 
gram  from  97  grams  of  hydrocarbon)  of  a  solid  nitro-compouud  melting 
at  179 — 183°  was  precipitated  on  diluting  the  acid;  this  was  probably 
the  same  substance  that  Aschan  obtained.  In  most  other  cases,  small 
quantities  of  a  liquid  nitro-compound  wei-e  formed. 

Proceeding  from  the  higher  to  the  lower  fractions,  the  action  of 
fuming  nitric  acid  became  less  and  less  marked  and  the  loss  of  weight 
of  hydrocarbon  and  production  of  nitro-compound  diminished,  until 
with  the  fraction  68'95 — 69  03°  there  was  no  development  of  heat 
on  shaking  with  the  acid,  the  loss  ^of  weight  after  heating 
for  five  days  was^only  20  per  cent.,  a  mere  trace  of  liquid  nitro-com- 
pound being  formed.  Below  68'95°,  the  loss  of  weight  increased 
again,  and  crystals  of  the  trinitro-derivative  of  isohexane  were  formed 
in  larger  and  larger  quantity. 

The  heavy  hydrocarbon  could  not  have  been  hexamethylene,  which 
boils  at  80'8°,  does  not  become  hot  when  shaken  with  fuming  nitric 
acid,  and,  when  heated  with  it,  is  oxidised  chiefly  to  adipic  acid. 

Benzene. 

It  was  long  ago  stated  by  Schorlemmer  {Annalen,  1863,  127,  311) 
that  small  quantities  of  aromatic  hydrocarbons  are  present  in 
American  petrolei;m,  but  the  apparently  anomalous  behaviour  of 
mixtures  of  aromatic  hydrocarbons  with  paraffins  on  distillation  has 
given  rise  to  some  confusion.  Some  American  " petroleum  ether" 
was  fractionated  without  previous  treatment  with  mixed  sulphuric 
and  nitric  acids,  and  the  fractions  between,  say,  60°  and  80°  were  then 
separately  shaken  with  the  mixed  acids  ;  it  was  found  that  the  frac- 
tion from  about  65°  to  66°  gave  a  large  amount  of  metadinitrobenzene 
(m.  p.,  89-0— 89-7°;  mol.  wt.,  156—170;  nitrogen,  16-98  and  16-84 
per  cent.,  calc,  16-67),  whilst  the  fractions  above  and  below  these  tem^ 
peratures  gave  smaller  and  smaller  quantities  of  the  dinitro-com- 
pouud.  The  fractions  above  about  71°  and  those  below  60°  gave, 
scarcely  any  dinitrobenzene. 

Markownikoff,  in  his  most  recent  paper  {Anruden,  1898,  301,  169) 
states  that  he  obtained  very  little  dinitrobenzene  from  the  fractions 
from  SO"  to  60^,  a  considerable  amount  from  those  from  60°  to  70°, 
and  the  largest  quantity  from  the  fractions  from  70°  to  80°. 

The  formation  of  the  largest  amouiit  of  dinitrobenzene  from  the 
fraction  from  about  65""  to  66°  in  the  case  of  American  petroleum  was 
observed  by   Mr.  G.  L.  Thomas   and   myself   in    1895,  and  the  most 
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probable  explanation  seemed  to  be  that  benzene  and  hexane,  although 
miscible  in  all  proportions,  approximate  in  their  behaviour  to  liquids 
that  are  only  partially  miscible,  and  a  few  rough  experiments  with 
mixtures  of  pure  benzene  and  normal  hexane  confirmed  this  view. 
The  subject  has  recently  been  carefully  investigated  by  Dr.  D.  H. 
Jackson  in  this  laboratory,  and  it  appeai-s  that  the  boiling  point  of 
hexane  is  hardly  affected  by  considerable  additions  of  benzene,  but 
that  the  boiling  point  of  benzene  is  rapidly  lowered  by  compai-atively 
small  additions  of  hexane.  Also  there  is  a  marked  expansion  on 
mixing  the  hydrocarbons. 

If,  then,  American  petroleum  contains  a  relatively  small  amount  of 
benzene,  it  should  come  over  for  the  most  part  at  the  boiling  point  of 
the  hexane  ;  but  as  both  normal  and  iso-hexane  are  present  in  large 
quantity,  the  benzene  should  distil  over  mostly  at  somewhex*e  about 
the  mean  boiling  point  of  the  two  paraffins,  that  is,  at  about  65°. 

In  the  fractionation  of  Russian  petroleum,  a  larger  amount  of 
benzene  comes  over  between  70°  and  80°  than  between  60°  to  70°,  and 
if  the  two  cases  were  strictly  comparable,  one  might  conclude  with 
certainty  that  Russian  petroleum  is  richer  in  benzene  than  American. 
^  Nothing,  however,  is  known  about  the  behaviour  of  mixtures  of 
benzene  with  hexamethylene  or  with  methylpentamethylene,  and  the 
great  richness  of  Russian  petroleum  in  these  compounds  makes  it 
unsafe  at  present  to  draw  a  definite  conclusion  from  the  facts 
referred  to. 

Markownikoff,  however,  states  that,  in  one  case,  he  obtained  60 
grams  of  dinitrobenzene  from  1769  grams  of  petroleum  boiling  be- 
tween 60°  and  84°,  that  is,  3  4  gi"ams  per  100  of  petroleum.  I  obtained 
9'2  gleams  on  one  occasion  from  417  grams  of  American  petroleum 
boiling  from  57°  to  77°,  or  not  quite  2  grams  per  100  of  petroleum. 
These  results  show  that  Markownikoff's  sample  of  Russian  petroleum 
was  richer  in  benzene  than  my  sample  of  American  petroleum,  but, 
obviously,  a  direct  comparison  carried  out  under  similar  conditions 
would  be  more  satisfactory.  Miss  Fortey  found  that  Galician 
petroleum  was  richer  than  American  in  benzene. 

Hexamethylene. 

In  the  fractionation  of  "  petroleum  ether "  with  the  12-column 
dephlegmator,  carried  out  by  Mr.  Thomas  and  myself  in  1895,  it  was 
noticed  that  between,  say,  57°  and  88°,  in  addition  to  the  two  maxi- 
mum values  of  Aw/^t  at  about  61°  and  69°,  there  appeai-ed  to  be  a 
smaller  one  in  the  neighbourhood  of  80°.  The  further  examination  of 
this  portion  of  the  petroleum  was  not  continued  until  a  year  later, 
when  it  was  found  that  a  liquid  of  high  specific   gravity  (0-754  at 
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074°),  boiling  a  little  above  80°  (79-95— 80-35°)  was  actually  present. 
The  quantity,  however,  was  insufficient  for  further  purification,  and 
Miss  Fortey  then  undertook  the  fractional  distillation  of  a  much 
larger  quantity  of  American  "  peti'oleum  ether,"  with  a  view  to  the 
separation  of  this  hydrocarbon,  and  she  obtained  it  in  a  nearly  pure 
state. 

Meanwhile,  the  work  of  Markownikoff,  Zelinsky,  and  others  showed 
that  a  hexanaphthene,  boiling  near  80°,  was  present  in  large  quantity 
in  Russian  petroleum.  Markownikoff,  in  fact,  obtained  larger  frac- 
tions from  80°  to  82°  than  for  the  same  range  at  any  lower  tempera- 
ture. He  showed  (Ber.,  1897,  30,  974)  that  his  hexanaphthene,  on 
oxidation  with  fuming  nitric  acid,  yielded  adipic  acid,  and  Miss  Fortey 
found  that  her  hexanaphthene  from  American  petroleum  gave  the 
same  acid.  It  has  thus,  and  in  other  ways,  been  conclusively 
proved  that  the  naphthene  boiling  at  about  80°  is  really  hexa- 
methylene. 

More  recently,  Miss  Fortey  has  separated  the  same  hydrocarbon  in 
a  pure  state  from  Galician  petroleum,  and  finds  that  its  boiling  point 
is  80-8°,  and  its  sp.  gr.  is  0-79028  at  0°/4°. 


Isolieptane  {and  other  Isomerides  ?) ;    Dimethylj^e^itamethylene  ;  Nornud 
Heptane, ;  Methylhexamethylene. 

The  results  obtained  in  the  fractionation  of  the  American  petrol- 
eum boiling  between,  say,  88°  and  105°,  after  removal  of  toluene* 
were  very  similar  to  those  already  described  in  the  case  of  the 
hexanes.  It  was  not  possible  to  separate  a  hydrocarbon  of  constant 
boiling  point,  but  there  were  maximum  values  of  Aw/M  at  about  90*7° 
and  99-3°.  Also,  whilst  the  specific  gravities  of  the  fractions  about 
the  lower  maximum  showed  but  slight  variation,  those  above  98°  rose 
very  rapidly  indeed.  The  specific  gravities  were,  however,  in  all 
cases,  considerably  higher  than  those  of  the  pure  paraffins. 

The  results  of  the  ninth  fractionation  with  the  12-column  dephleg- 
mator  are  given  on  p.  917. 

After  four  more  fractionations  of  the  portion  below  96°,  the  best 
fraction  came  over  from  90'8 — 90'9°;  the  value  of  Aw/A<  had  risen  to 
235,  but  the  sp.  gr.  (0-71130)  was  practically  unaltered.  The  boiling 
points  and  specific  gravities  (0°/4°)  of  the  heptanes  (normal  heptane 
from  Pinus  sahiniana ;  isoheptane  from  ethylic  and  amylic  bromides 
with  sodium)  have  been  determined  by  Thorpe  (Trans.,  1880,  37,  73 
and  76)  as  below. 

Boilinj;  point.         Specific  gravity. 

Isoheptane   90-3°  0-69692 

Normal  heptane  98-43  070048 
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No.  of 
fraction. 

Temperature. 

A  W 
A  t 

Specific  gravity 
074°. 

1 

86-5  —  89-1° 

8-0 

0-72767 

2 

89-1  —  90-25 

28-4 



3 

90-25—  90-55 

100-4 

0'71136 

4 

90-55—  90-7 

183-3 

0-71123 

5 

90-7  —  91-0 

145-3 



6 

91-0  —  91-6 

76-2 

0-71273 

7 

91-6  —  93-0 

22-2 



8 

93-0  —  96-3 

8-2 

— 

9 

96-3  —  98-0 

12-1 

— 

10 

98-0  —  98-65 

37-7 

0-71521 

11 

98-65—  99-1 

67-3 

0-71991 

12 

99-1  —  99-35 

116-4 

0-72630 

13 

99-35—  99-65 

113-7 

0-73374 

14 

99-65—100-25 

53-2 

0-74476 

15 

100-25—101-1 

36-5 

0-75572 

16 

101-1  -103-8 

7-6 

0-75667 

It  will  thus  be  seen  that  the  specific  gravity  of  the  isoheptane 
partially  separated  from  the  petroleum  is  considerably  higher  than 
that  of  the  synthesised  product.  This  may  possibly  be  due  to  the 
difl&culty  of  separating  hexamethylene  and  methylhexamethylene, 
■which  are  present  in  considerable  quantity  ;  or  it  may  be  due  to  the 
presence  of  a  small  quantity  of  dimethylpentamethylene  which  is 
stated  by  Zelinsky  {Ber.,  1897,  30,  1532)  to  boil  at  about  94°  and  to 
have  the  sp.  gr.  0-7543  at  20°/4°,  and  is  believed  by  Mai-kownikoff 
i^Annalen,  1898,  301,  170)  to  be  present  in  Russian  petroleum  in  large 
quantity  in  the  fraction  90 — 92°. 

As  regards  normal  heptane,  the  maximum  value  of  Ai«/A<  is  at  about 
99'4°  instead  of  98-4°,  and  this  fact,  together  with  the  very  rapid  rise 
of  specific  gravity  from  98°  to  101°  indicates  the  presence  of  a  heavy 
hydrocarbon  in  considerable  quantity,  with  a  boiling  point  a  very  few 
degrees  higher  than  that  of  normal  heptane. 

There  can  be  little  doubt  that  this  hydrocarbon  is  methylhexa- 
methylene, which  both  Markownikoif  and  Zelinsky  find  in  Russian 
peti-oleum. 

Zelinsky  (loc.  cit.)  gives  the  boiling  point  of  this  naphthene  as  101° 
and  its  sp.  gr.  as  0-7694  at  20°/4°. 

From  some  preliminary  experiments  on  a  small  scale  with  fractions 
11 — 13,  it  seemed  probable  that,  by  bromination  of  the  hydrocarbon, 
fractionation  to  separate  monoheptylic  bromide,  and  reduction  of  the 
bromide,  pure  noi-mal  heptane  might  be  obtained  from  the  petroleum. 
A  large  quantity  of  mixed  heptanes  from  American  petroleum  has 
been  treated  in  this  way  by  Dr.  F.  E.  Francis,  with  the  result  that 
isoheptane  has  been  obtained  in  a  fairly  pure  state  (b.  p.  89-9 — 90-4°; 
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sp.  gr.  0'70670  at  (fji^),  and  normal  heptane  very  nearly  pure 
(b.  p.  98-25— 98-45°;  sp.  gr.  0-70186  at  0°/4°). 

The  boiling  points  agree  well  in  both  cases  with  those  observed  by 
Thorpe.  The  specific  gravity  of  the  normal  heptane  is  slightly,  and  of 
the  isoheptane  considerably,  too  high,  but  the  quantity  of  material, 
especially  in  the  latter  case,  was  too  small  to  admit  of  complete 
purification.     The  results  ai'e  fully  described  in  a  separate  paper. 

U  p  to  the  present  time,  little,  if  any,  evidence  has  been  obtained  of 
the  presence  of  other  isomeric  heptanes  in  Amei-ican,  Galician  or 
Russian  petroleum,  unless,  possibly,  the  difl&culty  experienced  in 
separating  hexamethylene  in  a  quite  pure  state  from  American  petrol- 
eum may  point  to  the  presence  in  very  small  quantity  of  a  heptane 
boiling  at  a  temperature  not  far  from  80°. 

Toluene. 

Toluene  is  present  in  considerable  quantity  in  American  petroleum 
and,  like  benzene,  it  comes  over  chiefly  at  a  temperature  far  below  its 
ordinary  boiling  point. 

It  is  easily  removed  by  repeated  agitation  with  a  mixture  of  nitric 
and  sulphuric  acids ;  by  diluting  the  acid,  several  nitro-compounds 
are  precipitated,  chiefly  the  dinitrotoluene  melting  at  72*5°. 

Markownikoff  also  finds  that  homologues  of  benzene  are  present  in 
large  quantity  in  Russian  petroleum. 

The  results  which  have  been  described  show  that  the  same  classes 
of  hydrocarbons,  parafiins,  polymethylene  compounds  or  naphthenes, 
and  aromatic  hydrocarbons  are  present  in  petroleum  from  all  three 
sources,  but  that  Russian  petroleum  contains  a  relatively  larger 
amount  of  naphthenes,  and,  in  all  probability,  of  aromatic  hydro- 
carbons than  Galician,  and  Galician  a  larger  amount  of  the  same 
hydrocarbons  than  American  petroleum. 

In  conclusion,  it  may  be  well  to  point  out  some  striking  points  of 
agreement  in  the  results  obtained  in  the  fractionation  of  Russian  and 
American  petroleum. 

Markownikoff  gives  details  of  the  fractionation  of  two  samples  of 
Russian  petroleum  from  which  aromatic  hydrocarbons  had  been 
previously  removed.  The  range  of  temperature  for  each  fraction  was 
2°,  so  that  the  weights  of  the  fractions  are  proportional  to  the  ratios 
At«/A<,  and  a  direct  comparison  can  therefore  be  made  with  the  results 
described  in  this  paper. 

Data  for  both  samples  of  Russian  petroleum  for  the  fractions  from 
58 — 76°  and  from  86 — 106°  are  given  below,  and  may  be  compared 
with  the  tables  in  this  paper  for  isohexane,  normal  hexane,  and  iso- 
and  normal  heptanes  (pp.  909,  911,5917). 
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I. 

II. 

Boiling  point. 

Weight  in 
grams. 

Sp.  gr. 
15715°, 

Weight  in 
grams. 

Sp.  gr. 
15715°. 

58—  60" 

115 

0-667 

144 

0-668 

60—  62 

262 

0-667 

278 

0-666 

62—  64 

139 

0-668 

698 

0-668 

64—  66 

166 

0-675 

408 

0-673 

66—  68 

107 

0-683 

346 

0-680 

68—  70 

330 

0-698 

547 

0-692 

70—  72 

638 

0-723 

971 

0-712 

72—  74 

514 

0-739 

1375 

0-731 

74—  76 

262 

0-745 

831 

0-745 

86—  88 

336 

0-739 

281 

0-735 

88—  90 

308 

0-736 

474 

0-729 

90—  92 

1682 

0-731 

1239 

0-726 

92—  94 

676 

0-729 

387 

0-730 

94—  96 

133 

0-740 

298 

0-738 

96—  98 

114 

0-746 

148 

0-741 

98—100 

26 

0-752 

255 

0-753 

100—102 

— 

— 

1041 

0-758 

102—104 

— 

— 

934 

0-758 

104—106 

556 

0-753 

The  following  points  of  agreement  between  my  results  and  Markow- 
nikoffi's  may  be  noticed. 

1.  The  specific  gravities  of  the  fractions  boiling  at  from  58 — 64° 
show  but  slight  variation,  and  are  but  little,  if  at  all,  higher  than  that 
of  isohexane  (this  is  not  yet  known  with  accuracy,  but  must  be  some- 
what lower  than  that  of  normal  hexane). 

2.  The  specific  gravities  of  the  fractions  from  68 — 74°  rise  very 
I'apidly  and  are  considerably  higher  than  that  of  normal  hexane. 

3.  The  maximum  value  of  Aw/Ai  at  about  72°  (Markownikoli),  69° 
(Young),  is  very  much  higher  than  that  at  about  62°  (61°,  Young). 

4.  The  specific  gravities  of  the  fractions  from  86 — 94°  do  not  vary 
much,  but  show  a  minimum  at  about  92°  (Markownikoff),  91°  (Young). 
They  are,  however,  considerably  higher  than  that  of  isoheptane. 

5.  The  specific  gravities  of  the  fractions  from  96 — 102°  (98 — 101°, 
Young)  rise  much  more  rapidly,  reaching  a  maximum  at  about  102°. 
They  are  much  higher  than  that  of  normal  heptane. 

6.  The  maximum  value  of  Aw/^f  is  rather  greater  at  about  91°  than 
at  about  101°  (99-5  Young). 

On  the  other  hand,  Markownikoff's  fractions  from  80 — 82°  were 
exceedingly  large  [weights,  1582  and  1940  grams;  sp.  gr.  15°/15°, 
0760  and  0-755],  showing  the  great  richness  of  Russian  petroleum  in 
naphthenes.     With  American  petroleum,  this  fraction  would  be  very 
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much  smaller  than  those  about  the  boiling  points  of  the  hexanes  and 
heptanes. 

It  may  finally  be  mentioned  that  MarkownikofE   has  examined  a 
number  of  samples  of  Russian  petroleum  from  different  sources,  and 
finds  considerable  variation  in  the  relative  amounts  of  parafT 
naphthenes  present  in  them. 

University  College, 
Bristol. 


XCII. — Separation    of    Normal  and    Iso-heptane  from 
American  Petroleum. 

By  Francis  E.  Francis,  B.Sc,  Ph.D.,  and   Sydney   Young,  D.Sc, 

F.R.S. 

An  attempt  made  by  one  of  us  to  separate  the  heptanes  from  American 
petroleum  by  fractional  distillation,  after  removal  of  toluene  by 
treatment  with  a  mixture  of  nitric  and  sulphuric  acids,  was  un- 
successful, owing  to  the  presence  of  polymethylene  compounds  in  the 
petroleum. 

It  seemed  possible,  however  that,  by  the  action  of  bromine,  the 
polymethylene  compounds  might  yield  higher  bromine  derivatives  more 
readily  than  the  paraffins,  and  that  the  heptylic  monobromides 
might  thus  be  obtained  in  a  pure  state.  The  bromides  could 
then  be  reduced  to  the  corresponding  paraffins  by  means  of  nascent 
hydrogen. 

A  preliminary  experiment  with  about  90  grams  of  the  fractionated 
petroleum,  boiling  between  9865°  and  99*65°  and  containing  chiefly 
normal  heptane  and  methylhexamethylene,  gave  promising  results,  a 
small  quantity  of  a  bromide  boiling  at  about  93°  under  a  pressure  of  70 
mm.  being  obtained. 

It  was  then  decided  to  brominate  a  large  quantity  of  the  mixed 
heptanes — containing  a  considerable  amount  of  methylhexamethylene, 
a  little  hexamethylene,  and  possibly  some  dimethylpentamethylene. 

In  the  first  experiment,  900  grams  of  bx-omine  were  gradually  added 
to  760  grams  of  the.  petroleum  (b.  p.  96*5  — 102°),  small  quantities  of 
aluminium  bromide  being  introduced  from  time  to  time.  In  this  case, 
however,  higher  bromides  of  both  the  paraffins  and  polymethylene 
compounds  were  chiefly  formed,  for,  on  distillation,  605  grams  of 
unaltered  petroleum  were  recovered,  and  no  monobromides  could  b© 
isolated  from  the  residue. 
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The  second  bromination  was  carried  out  without  the  use  of  alu- 
minium bromide,  and  the  temperature  was  liaised  only  just  suffi- 
ciently for  the  action  to  take  place.  In  this  case,  517  grams  of 
hydrocarbon  (b.  p.  95 — 101°),  and  850  grams  of  bi^omine  yielded 
730  -'»'c,pis  of  bromides  and  180  grams  of  unaltered  petroleum. 
By  repeated  fractionation  under  reduced  pressure  (70  mm.),  87 "5 
grams  of  monobromide,  boiling  at  93 — 94-5°  were  obtained. 
The  bromide  was  then  reduced  in  alcoholic  solution  with  a  zinc- 
copper  CO" Die,  small  quantities  of  saturated  hydrochloric  acid  being 
added  from  time  to  time.  The  paraffin,  separated  with  water,  washed, 
dried,  and  distilled,  gave  48'3  grams  of  heptane  and  17"5  grams  of 
unaltered  bromide.  The  heptane  boiled  mostly  at  98°,  and  its  sp.  gr. 
was  0"70393  at  074°.  After  treatment  with  a  mixture  of  sulphuric 
and  nitric  acids,  this  was  reduced  to  0-70238. 

A  third  quantity  of  petroleum  (760  grams),  richer  in  isoheptane 
(b.  p.  93-5 — 102°),  was  then  brominated  at  a  higher  temperature, 
the  unaltei-ed  hydrocarbon  being  distilled  off  from  time  to  time, 
and  again  heated  with  bromine.  The  bromides  were  then  distilled 
under  reduced  pressure  and  the  monobromides  were  fractionated 
fourteen  times  with  the  12  column  dephlegmator  under  a  pressure 
of  70  mm. 

Normal  lieptylic  bromide  was  obtained  with  constant  boiling  point, 
93-0°,  under  70  mm.  pressure.     Its  sp.  gr.  at  0  /4°  was  1-1577. 

Isoheptylic  bromide  was  separated  in  a  fairly  pure  state ;  b.  p. 
82—84-2°,  mostly  at  83—84°,  under  a  pressure  of  70  mm.  When 
distilled  from  a  bulb  with  short  still-head,  most  of  it  came  over  at 
84°.     The  sp.  gr.  was  1  -1667  at  0°/4°. 

The  normal  heptylic  bromide  was  reduced  in  the  same  manner  as 
before,  and  the  normal  heptane,  after  one  distillation,  boiled  at 
98-35— 98-5° ;  the  sp.  gr.  was  0-70314. 

The  whole  of  the  normal  heptane  was  then  heated  with  fuming 
nitric  acid,  washed  with  caustic  soda,  then  with  water,  dried  over  phos- 
phorus pentoxide,  and  distilled  with  the  12-column  dephlegmator.  The 
boiling  point  was  now  98-2 — 985°  and  the  sp.  gr.  0-70186. 

It  is  probable  that  the  heptane  still  contained  a  very  small  quantity 
of  nitro-compound,  which  would  raise  its  specific  gravity,  but  it  was  evi- 
dently very  nearly  pure.  The  critical  consonants  were  then  determined 
with  the  portion  coming  over  between  98-25°  and  98-45°,  also  the  vapour 
pressures  and  specific  volumes  at  a  few  temperatures.  The  results  are 
given  in  the  table  below,  together  with  the  corresponding  constants 
determined  with  Dr.  Thorpe's  well  known  specimen  of  normal  heptane 
from  Pinus  sabiniana.  In  the  calculation  of  the  volumes  of 
a  gram,  the  sp.  gr.  at  0°  was  taken  to  be  0*70048,  and  not 
0-70168. 

VOL.   LXXIII.  3   Q 
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Boil  ing  point 

Specific  gravity  07^°    

Critical  temperature 

„       pressure    

,,       volume  of  a  gram  

Vapour  pressure  at  130° 

„  „  240    

260    

Volume  of  a  gram  of  liquid  at  130° 

.,        240    

..        260    

Volume  of  a  gram  of  saturated  vapour  at  240".. 

260  .. 


Normal  heptane  from 


Petroleum. 

Pinus  sabiniana. 

98-25— 98-45° 

98-43° 

0-70186 

0-70048 

267-0° 

266-85° 

20550  mm. 

20430  mm. 

4-261  c.c. 

4-266  c.c. 

1773 

1753 

13825 

13790 

18530 

18470 

1-717  c.c. 

1-7176  c.c. 

2-390 

2-394 

2-882 

2-895 

13-45  CO. 

13-43 

7'796 

7-77 

It  will  be  seen  that  the  critical  temperatures  and  the  volumes  of  a 
gram  agree  very  well  indeed,  but  the  pressures  show  somewhat  greater 
differences. 

The  isoheptylic  bromide  was  similarly  reduced,  and  the  paraffin  was 
treated  for  a  short  time  with  fuming  nitric  acid,  but  it  was  rapidly 
attacked  and  the  quantity  was  so  seriously  diminished  that  no  frac- 
tionation was  possible,  and  it  could  only  be  once  distilled. 

The  boiling  point  was  89-9— 90-4°  and  the  sp.  gr.  0-70670  at  074°. 

Thorpe  determined  the  boiling  point  and  specific  gravity  of  a  speci- 
men prepared  by  the  action  of  sodium  on  a  mixture  of  ethylic  and 
amylic  bromides  and  obtained  the  values  90-3°  and  0-69692  at  0°/4°. 

There  can  be  little  doubt  that  the  isoheptane  from  petroleum  con- 
tained some  nitro-compound,  which  would  raise  the  specific  gravity. 
From  its  boiling  point,  it  would  appear  to  be  identical  with  Thorpe's 
specimen. 

University  College, 
Bristol. 


XCIII. — Specific  Gravities  and  Boiling  Points  of 
Mixtures  of  Benzene  and  Normal  Hexane. 

By  D.  Hamilton  Jackson,  M.A,,  B.Sc,  Ph.D.,  and  Sydney  Young, 

D.Sc,  F.R.S. 

In  the  fractional  distillation  of  "  petroleum  ether  "  from  which  the 
aromatic  liydrocarbons  had  not  been  previously  removed  by  treatment 
with  a  mixture  of  nitric  and  sulphuric  acids,  it  was  observed  that  the 
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benzene  and  toluene,  unlike  the  polymethylene  hydrocarbons,  did  not 
come  over  at  their  true  boiling  points,  but  chiefly  about  15°  lower. 
Thus  the  portion  richest  in  benzene  *  was  that  boiling  at  about  65°, 
the  amount  of  benzene  diminishing  regularly  at  higher  and  lower 
temperatures.  This  lowering  of  the  boiling  point  of  benzene,  when 
mixed  with  hoxanes,  seemed  to  indicate  that  paraffins  and  aromatic 
hydrocarbons,  although  miscible  in  all  proportions,  behave  as  regards 
distillation  in  a  manner  comparable  with  that  of  liquids  only  partially 
miscible.  A  few  rough  experiments  on  the  distillation  of  mixtures 
of  benzene  and  normal  hexane  in  different  proportions  appeared  to 
support  this  view,  and  it  was  thought  desirable  to  make  a  more  com- 
plete investigation  of  the  boiling  points  and  specific  gravities  of 
mixtures  of  these  hydrocarbons. 

Both  the  normal  hexane  and  the  benzene  employed  were  obtained 
from  Kahlbaum.  The  hexane  was  pui'ified  before  use,  according  to 
the  method  given  in  a  preceding  paper  (Trans.,  1895,  67,  1071),  and 
then  dried  with  phosphorus  pentoxide  and  with  sodium ;  it  boiled  at 
68-97°  (corr.) ;  its  sp.  gr.  074°  was  0-67705.  Thebenzene  was  shaken 
up  with  small  quantities  of  strong  sulphuric  acid, 'washed  with  water, 
and  dried  with  phosphorus  pentoxide  and  with  sodium  ;  it  boiled  at 
80-21°  (corr.) ;  its  sp.  gr.  0°/4°  was  0-90005. 

Determination  of  the  Specific  Gravities  of  Mixtures  of  Benzene  and 
Normal  Hexane. — The  method  employed  was  as  follows.  The  benzene 
was  poui-ed  from  a  U-tube  drawn  out  to  a  capillary  at  either  end,  into 
a  small  very  short-necked  mixing  flask,  the  weight  of  which  was 
known,  and  the  added  weight  was  determined.  The  hexane  was  then 
introduced,  and  its  weight  similarly  determined.  From  these  data, 
the  composition  of  the  mixture  was  deduced. 

After  shaking,  the  mixed  liquids  were  sucked  up  into  a  Sprengel 
specific  gravity  tube  (Perkin's  form)  of  the  capacity  15-325  c.c.  at 
0°,  and  the  specific  gravity  was  ascertained  in  the  ordinary  way. 
Although  the  total  loss  of  benzene  plus  hexane  in  pouring  out  these 
liquids  from  the  U-tubes  in  which  they  were  contained  into  the 
mixing  flask  was  not  inconsiderable,  it  was  found  that  the  loss  during 
the  manipulation  of  the  prepared  mixture  was  such  as  not  sensibly  to 
affect  the  values  of  the  specific  gravity  obtained.  This  was  shown 
by  making  redeterminations  of  the  specific  gravity  with  the  same 
liquid  as  follows.  Rather  more  of  a  mixture  was  prepared  in  the 
mixing  flask  than  was  necessary  for  a  single  estimation  of  the  specific 

*  The  presence  of  benzene  in  such  a  mixture  of  hydrocarbons  is  readily  detected, 
and  its  amount  approximately  ascertained,  by  prolonged  treatment — several  times 
repeated  if  it  is  desired  to  remove  the  benzene  completely — with  a  mixture  of 
concentrated  nitric  and  sulphuric  acids.  On  diluting  the  acid  with  water,  and 
allowing  it  to  stand  for  two  or  three  days,  metadinitrobenzene  crystallises  out. 

3  Q  2 
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gravity,  and  a  determination  was  then  made ;  immediately  after,  the 
liquid  used  was  blown  back  from  the  Sprengel  tube  into  the  mixing- 
flask  and  a  second  determination  made ;  this  second  value  for  the 
specific  gravity  was  not  usually  greater  than  the  first  by  0-01  per 
cent.  The  results  of  the  specific  gravity  determinations  are  given  in 
the  following  table. 


Mixture. 

Percentage 
of  benzene. 

Observed 
sp.  gr.  074°. 

Observed  vol. 

of  a  gram 

1 

Calculated* 

vol.  of  a 

gram. 

Increase  of 
vol.  of  a  gram 

sp.  gr. 

on  mixing. 

I. 

1-24 

0-67896 

1-47284 

1-47244 

0-00040 

II. 

1-52 

0-67952 

1-47163 

1-47143 

0-00020 

III. 

9-27 

0-69212 

1-44483 

1-44306 

0-00177 

IV. 

12-31 

0-69723 

1-43425 

1-43195 

0-00230 

V. 

15-07 

0-70196 

1-42458 

1-42184 

0-00274 

VI. 

16-95 

0-70535 

1-41773 

1-41497 

0-00276 

VII. 

21-57 

0-71342 

1-40169 

1-39807 

0-00362 

VIII. 

22-41 

0-71501 

1-39857 

1-39499 

0-00358 

IX. 

24-22 

0-71821 

1  -39235 

1-38837 

0-00398 

X. 

31-87 

0-73258 

1-36504 

1-36036 

0-00468 

XI. 

33-23 

0-73517 

1-36023 

1-35538 

0-00485 

XII. 

36-51 

0-74166 

1-34832 

1-34338 

0-00494 

XIII. 

38-38 

0-74528 

1-34178 

1-33654 

0-00524 

XIV. 

40-40 

0  74936 

1-33448 

1-32914 

0-00534 

XV. 

41-39 

0-75153 

1-33061 

1-32552 

0-00509 

XVI. 

41-54 

0-75184 

1-33007 

1-32496 

0-00511 

XVII. 

47-03 

0-76326 

1-31016 

1-30489 

0-00527 

XVIII. 

55-30 

0-78140 

1-27975 

1-27463 

0-00512 

XIX. 

63-58 

0-80057 

1-24910 

1-24432 

0-00478 

XX. 

69-18 

0-81394 

1-22858 

1-2-2385 

0-00473 

XXI. 

70-78 

0-81797 

1-22253 

1-21796 

0-00457 

XXII. 

77-38 

0-83492 

1-19772 

1-19382 

0-00390 

XXIII. 

79-85 

0-84142 

1-18846 

1-18477 

0  00369 

XXIV. 

81-34 

0-84548 

1-18276 

1-17933 

0-00343 

XXV. 

86-27 

0-85916 

1-16393 

1-16129 

0-00264 

XXVI. 

88-61 

0-86586 

1-15492 

1-15273 

0-00219 

XXVII. 

91-58 

0-87436 

1-14369 

1-14184 

0  00185 

XXVIII. 

92-80 

0-87802 

1-13892 

1-13739 

0-00153 

XXIX. 

95-20 

0-88514 

1-12975 

1-12861 

0-00114 

*  That  is,  on  the  assumption  that  there  is  no  change  of  volume  on  mixing  the 
benzene  and  hexane.     Let/>=  percentage  of  benzene;  then,  taking  0-90005  as  the 
sp.  gr.  of  benzene,  and  0-67705  as  that  of  hexane,  we  have 
p  100 -p 


100x0-90005 


100x0-67705 


=  calculated  vol.  of  a  gram. 


Determination  of  the  Boiling  Points  of  Mixtures  of  Benzene  and 
Normal  Hexane. — For  this  purpose,  Beckmann's  boilingpoint  apparatus 
was  used,  and  the  method  finally  employed  was  practically  the  same  as 
that  of  Nernst  in  his  investigation  of  the  boiling  points  of  benzene 
and  acetic  acid  {Zeit.  phijsik.  Chem.,  1891,  8,  110).  An  uprightglass 
tube,  however,  was  used  in  place  of  the  usual  glass    spiral  condenser 
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attached  to  the  inner  boiling  tube.  As  the  range  of  temperature 
between  the  boiling  points  of  benzene  and  hexane  is  considerable,  it 
was  decided  to  substitute  for  the  ordinary  Beckmann,  an  open-scale 
Geissler  thermometer  divided  into  half  degrees  and  easily  allowing 
readings  to  be  made  to  O-OS"^. 

The  benzene  and  hexane  were  placed  in  U-tubes  provided  with  wide 
capillaries,  and  the  amount  of  liquid  used  in  an  experiment  was 
ascertained  by  weighing  the  tubes  before  and  after  pouring.  One  of 
the  liquids  was  introduced  in  the  cold  ;  the  other  was  added  by  pour- 
ing it  down  the  straight  condenser  tube  as  soon  as  the  first  had  been 
brought  to  steady  ebullition.  Benzene  was  the  liquid  used  through- 
out in  the  outer  jacket  of  the  apparatus. 

The  height  of  liquid  in  the  boiling  tube  in  the  case  of  the  mixture 
is,  of  course,  not  the  same  as  that  of  the  single  liquid  (benzene  or 
hexane),  so  that  the  observed  boiling  points  are  not  strictly  comparable. 
It  was  found,  however,  experimentally  (by  observing  the  boiling  point 
of  benzene  in  the  apparatus  and  then  adding  further  successive 
quantities  of  benzene  and  observing  the  boiling  point)  that  the  error 
from  this  cause  was  negligible,  being  less  than  the  limit  to  which  the 
thermometer  was  read. 

To  ascertain  the  error  due  to  change  of  composition  of  the  mixture 
during  an  experiment,  the  composition  of  the  liquid  also  after  the  ex- 
periment was  ascertained  by  utilising  the  specific  gravity  results  given 
above.  The  latter  were  plotted  out  on  an  open  scale  against  the  per- 
centage composition,  so  that  the  strength  corresponding  with  a  specific 
gravity  could  be  read  off.  After  a  determination  of  strength  and 
boiling  point  had  been  made  in  the  ordinary  way,  the  apparatus  was 
allowed  to  cool  down,  the  mixture  from  the  inner  tube  was  poured 
into  a  small  flask,  and  from  the  latter  it  was  sucked  up  into  the 
specific  gravity  tube.  It  was  found  that  the  strength  of  the  mixture 
as  determined  by  the  two  methods  was  the  same  to  within  less  than 
0-2  per  cent.,  as  a  rule.  Now,  if  the  boiling  points  given  in  the  table 
below  be  examined,  it  will  be  seen  that  an  error  of  0-2  per  cent,  in 
the  estimation  of  the  strength  is  negligible  with  a  thermometer  read 
to  twentieths  of  a  degree,  except  in  the  case  of  mixtures  containing 
90—100  per  cent,  of  benzene  where  a  small  change  in  composition 
produces  a  relatively  large  change  in  boiling  point.  In  the  case  of 
these  mixtures,  it  is  probable  that  the  error  in  the  boiling  point 
exceeds  one-twentieth  of  a  degree,  if  the  strengths  are  taken  as  correct ; 
the  indirect  method  of  ascertaining  the  percentage  composition  would 
no  doubt  be  preferable  in  this  case,  but  its  application  is  difficult 
owing  to  the  readiness  with  which  mixtures  very  rich  in  benzene  freeze 
in  the  specific  gravity  tube  when  cooled  to  0°. 

The  following  are  the  results  of  the  boiling  point  determinations 
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the  strengths  given  being  those  obtained  by  weighing,  and  not  by  the 
specific  gravity  method.  Px'obably  the  true  strengths  would  lie  be- 
tween those  obtained  by  the  two  methods. 


Mixture 

Percentage 

Boiling  point 

Mixture 

Percentage 

Boiling  point 

of  benzene. 

(corr.).* 

of  benzene. 

(corr.).* 

I. 

5'5 

69-00' 

XI. 

64-9 

72-70" 

II. 

6-5 

68'96 

XII. 

67-3 

73-01 

III. 

11-6 

69-00 

XIII. 

78-0 

74-67 

IV. 

17-2 

69-14 

XIV. 

78-8 

74-75 

V. 

27-3 

69-47 

XV. 

85-2 

76-12 

VI. 

31-6 

69-72 

XVI. 

88-9 

76-91 

VII. 

39-5 

70-17 

XVII. 

90-1 

77-20 

VIII. 

46-6 

70-70 

XVIII. 

92-0 

77-75 

IX. 

47-3 

70-70 

XIX. 

94-0 

78-49 

X. 

53  0 

71-42 

XX. 

95-3 

78-80 

*  dpjdt  at  760  mm.  =  23  "3  mm.  for  benzene.  For  liexane,  the  value  is  23  -9  mm. ;  it 
was  given  by  mistake  as  22  mm.  in  the  original  paper  (Trans.,  1895,  67,  1072). 
The  boiling  point  of  hexane  at  760  mm.  should  be  68-95°,  and  not  69-0^  as  previously 
[loc,  cit.)  stated. 


It  is  well  known  that  the  members  of  many  homologous  series  of 
organic  compounds  become  less  and  less  soluble  in  water  as  the  mole- 
cular weight  increases ;  this  is  notably  the  case  with  the  saturated 
fatty  alcohols,  C„H2,i+20,  and  acids,  QnYLinOo,  the  lowest  members  of 
which,  methylic  alcohol  and  formic  acid,  are  miscible  with  water  in  all 
proportions,  whilst  the  very  high  members  are  practically  insoluble  at 
ordinary  temperatures.  At  the  same  time,  experimental  evidence,  so 
far  as  it  goes,  points  to  the  conclusion  that  the  contraction  and  heat 
evolution  diminish  with  rise  of  molecular  weight.  Konowaloff,  in  his 
study  of  the  vapour  pressures  of  mixtures  of  the  lower  alcohols  with 
water  {Ann.  Chem.  Phys.,  1881,  [ii],  14,  34),  has  shown  that  there  is 
here  also  a  gradual  change  from  the  ordinary  behaviour  of  two  miscible 
liquids  (methylic  alcohol  and  water),  the  vapour  pressures  of  which, 
and  also  the  boiling  points,  are  always  intermediate  between  those  of 
the  components,  to  that  of  partially  miscible  liquids,  mixtures  of  which, 
within  certain  limit.s,  have  vapour  pressures  higher,  and  boiling  points 
lower,  than  that  of  either  component ;  a  somewhat  similar  result  was 
obtained  by  the  study  of  the  vapour  pressure  of  mixtures  of  the  fatty 
acids  with  water. 

Konowalotf  observed,  however,  that,  starting  from  the  lowes't 
member  of  a  series,  the  typical  form  of  curve  for  partially  miscible 
liquids  was  reached,  both  with  the  alcohols  and  acids,  before  the 
liquids  ceased  to  be  miscible  in  all  proportions  at  ordinary  temperatures. 

Thus  methylic,   ethylic,  and  propylie    alcohols    are   each    of    them 
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miscible  with  water  in  all  proportions,  but  whilst  the  vapour  pressure 
of  methylic  alcohol  diminishes  regularly  on  dilution,  that  of  ethylic 
alcohol  is  hardly  affected  by  the  addition  of  a  moderate  amount  of 
water ;  it  shows,  indeed,  a  very  slight  rise  at  first,  but  afterwards 
diminishes  at  an  increasing  rate,  until,  with  infinite  dilution,  the 
vapour  pressure  of  pure  water  is  reached. 

With  propylic  alcohol  and  water,  there  is,  at  each  temperature,  a 
certain  mixture  which  has  a  very  decided  maximum  vapour  pressure 
considerably  higher  than  that  of  either  component.  Conversely,  there 
is  at  each  pressure  a  particular  mixture  of  propylic  alcohol  and  water 
which,  like  a  pure  liquid,  distils  at  a  constant  temperature  and  with 
constant  composition.  On  distilling  stronger  or  weaker  solutions  of 
propylic  alcohol  and  water,  the  mixture  of  maximum  vapour  pressure 
and  minimum  boiling  point  comes  over  first,  followed  by  mixtures 
richer  in  propylic  alcohol  or  water,  according  to  the  original  com- 
position. It  is,  therefore,  possible  to  separate  either  pure  propylic 
alcohol  or  pure  water,  but  not  both,  from  such  a  mixture. 

With  ethylic  alcohol  and  water,  since  the  maximum  vapour  pres- 
sure (and  minimum  boiling  point)  differs  but  very  slightly  from  that 
of  pure  alcohol  and  corresponds  with  a  mixture  containing  very  little 
water,  it  follows  that  a  very  strong  solution  of  ethylic  alcohol  must 
distil  over  at  a  nearly  constant  temperature  and  almost  without  change 
of  composition,  and  that  neither  pure  alcohol  nor  pure  water  can  be 
separated  from  it.  On  the  other  hand,  it  is  quite  easy  to  obtain  pure 
water  by  the  distillation  of  a  weak  solution  of  ethylic  alcohol. 

As  the  boiling  point  of  methylic  alcohol  rises  steadily  on  dilution, 
both  components  may  be  separated  by  distillation  of  a  mixture  of 
the  two. 

Mixtures  of  water  with  acetic  acid  behave  like  those  of  ethylic 
alcohol  and  water,  except  that  no  maximum  vapour  pressure  has  been 
observed.  The  vapour  pressure  of  water  is  but  slightly  lowered  by 
adding  a  little  acetic  acid,  whilst  that  of  acetic  acid  is  rapidly  raised 
by  the  addition  of  water ;  and  it  is  quite  possible  to  obtain  anhydrous 
acetic  acid  by  the  distillation  of  a  strong  aqueous  solution,  although 
it  is  very  difficult,  if  not  impossible,  to  separate  either  pure  water  or 
pure  acetic  acid  by  distillation  of  a  weak  solution  of  the  acid. 

The  data  given  above  show  that  mixtures  of  normal  hexane  and 
benzene  behave,  on  distillation,  in  a  similar  manner  to  mixtures  of 
ethylic  alcohol  and  water  or  of  water  and  acetic  acid.  An  addition 
of  10  per  cent,  of  benzene  to  normal  hexane  has  no  appreciable  in- 
fluence on  the  boiling  point,  whilst  an  addition  of  10  per  cent,  of 
hexane  to  benzene  lowers  the  boiling  point  nearly  3°.  Again,  from 
a  solution  containing,  say,  10  per  cent,  of  benzene,  it  is  impossible  to 
separate  either  component  by  fractional  distillation,  but  it  would  be 
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easy  to  separate  pure  benzene,  but  not  hexane,  from  a  mixture  con- 
taining, say,  90  per  cent,  of  benzene. 

That  the  liquids  do  approximate  in  their  behaviour  to  partially 
miscible  liquids  is  further  shown  by  the  fact  that  there  is  always  ex- 
pansion on  mixing,  the  expansion  reaching  a  maximum  of  about 
0'4  per  cent. 

University  College, 
Bristol. 


XCIV. — Action  of  Fuming  Nitric  Acid  on  the  Paraffins 
and  other  Hydrocarbons. 

By  Francis  E.  Francis,  B.Sc,  Ph.D.,  and  Sydney  Young,  D.Sc, 

F.R.S. 

It  is  usually  stated  that  nitric  acid — concentrated,  fuming,  or  mixed 
with  sulphuric  acid — has  little  or  no  action  on  the  paraffins,  whilst  in 
one  or  other  form  it  acts  readily  on  the  unsaturated  and  ai'omatic 
hydrocarbons,  yielding  nitro-com pounds  in  the  latter  case.  It  has, 
however,  been  observed  by  Konowaloff  (Ber.,  1892,  25,  Ref.  108)  that 
normal  hexane  and  octane  yield  secondary  nitro-compounds  when 
heated  with  dilute  nitric  acid  in  sealed  tubes  at  130 — 140°. 

Hydrocarbons  of  the  polymethylene  series  are  not  attacked  by  a 
mixture  of  sulphuric  and  nitric  acids  at  the  ordinary  temperature, 
nor  readily  on  moderate  heating.  With  fuming  nitric  acid,  the 
behaviour  of  pentamethylene  and  hexamethylene  differs  widely  from 
that  of  their  methyl  derivatives,  for  the  two  former  compounds  are 
only  attacked  when  heated,  and  yield  chiefly  the  corresponding  dibasic 
acids — glutaric  and  adipic  acids — whilst  the  methyl  derivatives,  and 
especially  methylpentamethylene,  are  acted  on  rapidly  at  the  ordinary 
temperature  with  evolution  of  heat,  and  the  molecule  is  for  the  most 
part  broken  down. 

With  less  concentrated  nitric  acid  at  a  high  temperature,  penta- 
methylene and  hexamethylene  give  secondary  nitro-compounds  in 
addition  to  the  dibasic  acids,  and  the  methyl  derivatives  yield  tertiary 
nitro-compounds  (Markownikoff,  Ber.,  1897,  30,  974  and  1222 ; 
Annale7i,  1898,  301,  201  ;  Zelinsky,  Ber.,  1897,  30,  389). 

It  is  quite  true  that  at  the  ordinary  temperature  the  paraffins 
remain  practically  unacted  on  by  nitric  acid  in  any  form,  and  that  the 
normal  paraffins  are  very  slowly  decomposed  by  fuming  nitric  acid 
when  heated  on  a  water  bath,  but  we  have  observed  that  the  iso- 
paraffins — isohexane,  isoheptane,  iso-octane,  di-isobutyl — are  very 
readily  attacked  when  heated  with  the  fuming  acid,  a  moderate  yield 
of  nitro-compound  being  obtained  in  each  case. 
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Isoliexavie. 

The  attempt  to  separate  normal  hexane  from  light  petroleum  by- 
fractional  distillation,  after  removal  of  benzene,  was  only  partially 
successful,  owing  to  the  presence  of  methylpentamethylene,  which  boils 
only  about  3°  higher  than  the  paraffin.  In  order  to  remove  the 
naphthene,  the  fractions  from  about  66 — 70°  were  separately  heated 
with  fuming  nitric  acid  in  a  flask  of  special  form  provided  with  a 
reflux   condenser   (see  Fig.   1).     A 

piece  of  wide  tubing.  A,  is  sealed  Fig.  1. 

to  the  narrow  neck,  B,  of  the 
round-bottomed  flask,  and  the  wide 
tube  is  pushed  down  over  the  narrow 
one  so  as  to  form  a  ring-shaped 
depression  in  which  the  tube  C  fits 
loosely.  The  condenser,  D,  [is  an 
internal  one,  somewhat  like  that 
recommended  by  Sudborough  and 
Feilmann  [J.  Soc.  Chem.  Ind.,  1897, 
16,  979),  and  is  centred  by  five 
internal  projections  in  the  wide 
vertical  tube  in  each  of  two  hori- 
zontal planes  E,  E'.  A  little  strong 
nitric  acid  in  the  ring-shaped  de- 
pression prevents  the  escape  of 
nitrous  fumes  below,  and  the  gases 
which  reach  the  top  of  the  tube 
are  carried  off  through  a  bent  tube, 

F,    connected    with    a    wash    bottle   and   a   water  pump.     It   is  not 
necessary  to  carry  on  the  operation  in  a  draught  chamber. 

Taking  the  fractions  in  descending  order  of  temperature,  it  was 
observed  that  the  loss  of  weight  reached  a  minimum  at  about  69°,  just 
above  the  true  boiling  point  of  normal  hexane,  increasing  rapidly  at 
lower  temperatures.  Also,  whilst  the  higher  fractions,  rich  in  methyl- 
pentamethylene, gave  diminishing  amounts  of  a  liquid  nitro-compound 
(separated  by  diluting  the  acid  with  water)  the  fraction  from 
68'85 — 68-95°  yielded  no  nitro-compound  at  all,  and  the  lower  ones, 
containing  isohexane,  gave  increasing  quantities  of  a  solid  nitro- 
compound. 

Details  of  the  results  obtained  with  the  fractions  below  69 "03°,  in- 
cluding one  from  62-6 — 63'05°,  very  rich  in  isohexane,  are  given  in 
the  table  below.  Each  fraction  was  heated  for  5  days  with  about 
its  own  volume  of  fuming  nitric  acid  (renewed  on  the  second  and 


To  Water  Pump. 
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fourth  days),  but  in  the  case  of  the  lowest  fi^action  the  treatment  was 
extended  to  6  days,  and  a  fourth  quantity  of  acid  was  used. 


Temperature 

Weight  of  fraction. 

Percent- 
age loss. 

Remarks. 

range. 

Before. 

After. 

68-95—69-03 
68-85—68-95 
68-7  —68-85 
68-35—68-7 
67-85—68-35 
66-4  —67-85 

62-6  —63-05 

113-2 

84-4 
73-5 
83-0 
51-0 
79-4 

89-2 

89-8 
66-1 
57-1 
60-8 
32-0 
37-4 

6-5 

20-7 
21-7 
22-3 
26-7 
37-3 
52-9 

92-7  1 

Trace  of  liquid  nitro-compound. 
Acid  nearly  clear  on  dilution. 
A  few  small  crystals  on  standing. 
0-6  gram  solid  uitro-conipouud. 

^  ^      >y           >>           )>                >> 
4'9      )j           ))           ,>               >» 

12-0     „         „         „ 
also  some  liquid,  b.  p.  about  194°. 

The  diluted  nitric  acid  from  the  lowest  fraction  was  found  to 
contain  a  considerable  quantity  of  acetic  acid,  some  propionic  acid, 
and  very  small  quantities  of  oxalic  and  succinic  acids. 

The  hydrocarbon  remaining  after  treatment  with  nitric  acid  was  in 
each  case  shaken  repeatedly  with  strong  sulphuric  acid^  until  the  latter 
gave  no  turbidity  on  dilution,  then  with  caustic  soda,  and  finally  with 
water ;  after  this,  it  was  dried  with  phosphorus  pentoxide  and 
weighed. 

Each  fraction  was  distilled  over  sodium  wire  and  it  was  found  that, 
after  a  few  fractionations  (omitting  the  lowest  fraction)  to  remove  the 
last  traces  of  niti'o-compounds,  the  boiling  point  was  quite  constant 
at  68-95°  and  the  sp.  gr.  at  074°  rose  only  from  0-67693— 0-67713, 
whereas,  before  treatment,  the  range  of  temperature  was  from 
66-4  to  69-03°  and  of  sp.  gr.  from  0-6793  to  0-6803.  The  remaining 
hydrocarbon  therefore  consisted  of  practically  pure  normal  hexane 
(b.  p.  68-95°;  sp.  gr.  0-67697)  and  both  the  pentamethylene,  which 
raised  the  specific  gravity,  and  the  isohexane,  which  lowered  the  boiling 
point,  had  been  eliminated. 

The  solid  nitro-compound  ci'ystallised  from  light  petroleum  in 
hexagonal  plates ;  recrystallised  from  petroleum  or  from  alcohol,  the 
melting  point  was  85-5 — 860°.  Heated  in  an  open  tube  with  a  free 
flame,  it  decomposed  with  slight  explosion.  The  substance  was 
analysed,  with  the  following  results. 

Found.  Calculated  for  C6Hii(NOo)3. 
I.                  II. 

C    32-85         32-15  32  57  per  cent. 

H  5-37  5-26  4-97    „      „ 

N   19-15  19-00    „      „ 
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It  was  therefore  a  trinitro-derivative  of  isohexane,  and  was  probably 
a  tertiary  compound,  as  it  appeared  to  give  no  reaction  with  nitrous 
acid  and  no  sodium  salt. 

Isoheptane. 

A  specimen  of  nearly  pure  isoheptane,  prepared  from  the  crude 
heptanes  from  petroleum  by  bromination,  separation  of  the  mono- 
bromides,  and  reduction  of  the  isoheptylic  bromide,  was  heated  for  a 
short  time  with  fuming  nitric  acid,  when  it  diminished  quickly  in 
volume,  and  the  acid,  on  dilution,  gave  a  considerable  amount  of  a 
liquid  nitro-com pound. 

A  further  quantity  of  less  pure  isoheptane,  mixed  with  its  own 
volume  of  normal  hexane  to  dilute  it,  was  heated  with  fuming 
nitric  acid  on  the  water  bath  for  2  days.  As  the  acid,  on  dilution, 
again  gave  a  liquid  nitro-compound,  it  was  distilled  with  steam  until 
the  oil  had  almost  ceased  to  come  over ;  the  residue,  on  cooling, 
deposited  crystals  in  small  quantity.  The  solid  nitro-compound, 
crystallised  from  a  mixture  of  alcohol,  water,  and  ether,  melted  at  194° 
with  immediate  decomposition.  On  recrystallisation,  it  was  obtained 
in  well-formed  plates  which  melted  at  the  same  temperature. 

The  percentage  of  nitrogen  was  found  to  be  17"64.  Calculated  for 
CVH,3(N02)3=  17-87. 

Iso-octane. 

A  specimen  of  iso-octane  from  petroleum,  treated  in  the  same 
manner  as  isoheptane,  was  quickly  acted  on,  and  gave  a  liquid  nitro- 
compound, but  in  this  case  no  solid  could  be  separated  by  distillation 
with  steam. 

Iso2Jentane. 

The  boiling  point  of  pure  isopentane  is  too  low  for  any  reaction  to 
take  place  with  fuming  nitric  acid.  It  was  thought  possible,  however, 
that  a  mixture  of  isopentane  and  normal  hexane  might  give  a  high 
enough  temperature,  but  the  action  was  slow  and  the  acid,  on  dilution, 
remained  quite  clear.  The  remaining  hydrocarbon,  when  distilled, 
left  a  very  small,  semi-solid  residue  which,  after  being  dried  on  a 
porous  plate  and  recrystallised  from  dilute  alcohol,  melted  at  192° 
with  immediate  decomposition.  The  quantity  was  too  small  for  a 
nitrogen  determination,  but  on  heating  it  in  a  dry  test  tube,  large 
quantities  of  red  fumes  were  evolved.  It  thus  resembled  the  trinitro- 
derivative  of  isoheptane  very  closely  indeed. 
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Di-isohutyl. 

A  small  quantity  of  di-isobutyl  (from  isobutylic  bromide  and  sodium) 
mixed  with  its  own  volume  of  normal  hexane,  was  heated  for  two  days 
with  fuming  nitric  acid  on  the  water  bath. 

The  acid,  when  diluted,  became  but  slightly  turbid,  but  the 
remaining  paraffin,  after  being  washed  with  dilute  caustic  soda, 
deposited  crystals. 

By  recrystallisation  from  benzene  and  light  petroleum,  the  nitro- 
compound was  obtained  in  large,  colourless  plates  melting  at  91"0°. 

The  percentage  of  nitrogen  was  found  to  be  16*65.  Calculated  for 
CsH,,(N0,)3=  16-86. 

General  Conclusions. 

The  normal  paraffins  are  less  easily  attacked  by  fuming  nitric  acid 
than  any  other  hydrocarbons,  and  next  to  them  come  the  polymethylene 
compounds  with  no  side  chains.  Of  the  remaining  hydrocarbons,  the 
aromatic  compounds,  the  methyl  derivatives  of  the  polymethylene 
hydrocarbons,  and  the  iso-paraffins — which  are  all  characterised  by  the 
presence  of  =CH  groups — are  much  more  readily  attacked,  the  first 
two  classes  of  hydrocarbons  at  the  ordinary  temperature,  the  iso- 
paraffins  when  heated  moderately  on  a  water  bath.  Compounds  of  the 
general  formula,  (CH3)3C'CrtH2,i+i,  have  not  yet  been  studied,  but,  as 
they  contain  no  ECH  group,  it  seems  probable  that  they  would 
resemble  the  normal  paraffins  in  their  behaviour  with  nitric  acid. 

A  recent  observation  by  Aschan  {Ber.,  1898,  31,  1801)  is  of  con- 
siderable interest  in  connection  with  this  subject.  Aschan  finds  that 
di-isopropyl  and  isopentane  are  rapidly  attacked  by  chlorosulphonic 
acid  at  the  ordinary  temperature ;  he  has  not  yet,  however,  studied 
the  action  of  this  reagent  on  other  paraffins,  but  expresses  the  inten- 
tion of  doing  so.  It  will  be  interesting  to  know  whether  the  normal 
paraffins  are  less  easily  attacked  than  the  iso-compounds. 

University  College, 
Bristol. 


XCV. — Hexamethylene   from  American  and   Galician 

Petroleum. 

By  Emily  C.  Fortey,  B.Sc. 

The  object  of  the  present  research,  undertaken  at  the  suggestion  of 
Professor  Sydney  Young,  was,  by  means  of  fractional  distillation,  to 
obtain  hexamethylene  in  a  pure  state  from  petroleum,  with  a  view  to  the 
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accurate  determination  of  its  physical  properties,  and  to  prepare  some 
of  its  derivatives,  amplifying  the  work  of  Markownikoff  {Ber.,  1895, 
28,  577  ;  1897,  30,  1225)  and  at  the  same  time  repeating  a  portion  of 
that  of  Baeyer  {Ber.,  1893,  26,  229  ;  Annalen,  1893,  278,  88)  on  the 
synthetical  hydrocarbon.  The  presence  of  hexamethylene  had  been 
detected  in  American  petroleum  by  Professor  Young  while  engaged 
in  the  isolation  of  some  of  the  paraffins,  and  that  source  was  the  one 
first  employed,  on  account  of  the  difficulty  in  procuring  the  Caucasian 
oil.  The  distillation  was  carried  out  with  the  aid  of  a  fractionating 
column  kindly  made  for  the  purpose  by  Professor  Young,  and  similar 
to  that  described  by  him  in  the  Chemical  News  (1895,  71,  177),  but 
containing  twelve  constrictions  instead  of  seven.  The  fractional 
distillation  occupied  about  six  months,  at  the  expiration  of  which 
time  it  became  evident  that  it  would  not  be  possible  to  obtain  the 
hydrocarbon  in  a  pure  state,  although  the  fractions  obtained  would 
serve  for  the  preparation  of  its  derivatives.  The  purest  fraction 
boiled  at  80-55— 80-65°,  sp.  gr.  0-7722  at  674°.  A  supply  of  Galician 
petroleum  was  next  procured,  and  the  distillation  was  recommenced, 
the  same  fractionating  column  being  used  throughout.  This  oil  had 
previously  been  investigated  by  Lachowicz  {Annalen,  1883,  220,  188), 
who  concluded  that  the  proportion  of  naphthenes  present  was  greater 
than  in  American  petroleum,  although  considerably  less  than  in  Caucasian 
naphtha;  there  seemed,  therefore, reasonable  hope  that  pure  hexamethyl- 
ene might  be  obtained  from  it  by  repeated  fractional  distillation,  and 
this  expectation  has  been  realised.  After  about  nine  months'  work,  a 
fraction  was  obtained  boiling  constantly  at  80-8°  (corr.)  and  having 
the  sp.  gr.  0-7903  at  0°/4°;  this  fraction  was  set  apart  for  the  deter- 
mination of  certain  physical  constants,  whilst  the  others,  boiling 
within  a  range  of  1°  were  used  for  the  preparation  of  derivatives,  of 
which  the  following  were  obtained.  The  monochloride,  CgHj^Cl ; 
dichloride,  CgH^yCl2 ;  trichloride,  C^H^Clg ;  and  tetrachloride,  C^HgCl4 ;  the 
monobromide,  C^Hj  ^Br;  dibromide,  CgHj^Br.,;  and  tetrabromide,  CgHgBr^; 
dihydrobenzene,  CgHg ;  tetrahydrobenzene,  CgH^^  5  chlorodihydrobenzene, 
CgHyCl;  chlorhydroxyhexamethylene,  CgH^oOH-Cl;  (Proc.  Chem.  Soc, 
1897,  p.  161  ;  1898,  p.  103).  Of  these  substances,  the  following  have 
been  prepared  synthetically  by  Baeyer  :  the  monobromide,  dibromide, 
and  tetrabromide,  dihydrobenzene  and  tetrahydrobenzene.  The  agree- 
ment between  the  properties  is,  on  the  whole,  satisfactory,  as  will  be 
seen  from  the  following  comparison  (p.  934),  especially  when  it  is  re- 
membered that  the  quantities  of  the  substances  obtained  by  the 
synthetical  methods  were  very  small. 

It  may  be  noted  that,  in  an  earlier  paper,  Baeyer  gives  the  boiling 
point  of  dihydrobenzene  as  about  81*5°. 

Dr.  W.  H.  Parkin,  sen.,  has  very  kindly  determined  the  magnetic 
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B.p. 

M.  p. 

Baeyer. 

E.  C.  F. 

Baeyer. 

KC.  F. 

79—  79-5° 
82—  84 
84—  86 
165—166 
215—220 
(713  mm.) 

80-8° 

82-3 

81—82 

162—163 

145—146 

(100  mm.) 

184—185° 

Tetraliydrobenzene 

Dihydrobenzeiie  

Monobroinhexamethylene   

Dibromhexamethylene    ■! 

Tetrabromhexamethylene  

185° 

rotation  of  hexamethylene  and  of  tetrahydrobenzene  ;  unfortunately, 
the  amount  of  dihydrobenzene  obtained  was  not  sufficient  for  the 
purpose.  He  has,  however,  determined  the  index  of  refraction  and 
the  specific  and  molecular  refractions  of  all  three  hydrocarbons,  and 
the  results  are  tabulated  on  p.  946  and  compared  with  the  numbers 
obtained  by  Briihl. 

The  same  constants  have  been  determined  by  Dr,  Perkin  for  mono- 
chlor-  and  dichlor-hexamethylene  and  for  monobromhexamethylene. 


Hexamethylene  from  American  Petroleum. 

Twenty-five  pounds  of  American  light  petroleum  having  the  sp.  gr. 
0"680  were  procured  and  distilled  in  10  successive  portions  from  a 
can  of  about  5  litres  capacity.  No  correction  was  made  during  the 
first  few  distillations  for  the  barometric  pressure,  as  it  would  have 
been  negligible  compared  with  the  alteration  of  temperature  caused 
by  slight  variations  in  the  rate  of  distillation.  The  first  drops  dis- 
tilled over  at  16°,  but  all  below  28°  and  above  95°  was  rejected. 
After  nine  distillations,  extending  over  two  months,  the  fractions  were 
freed  from  aromatic  hydrocarbons  by  nitrating  the  latter ;  they 
were  first  shaken  three  times  in  separating  funnels  with  sulphuric 
acid,  and  then  with  two  or  three  times  their  volume  of  a  mixture  of 
nitric  and  sulphuric  acids,  in  the  proportion  of  3:10  by  weight,  with 
which  they  were  left  in  contact  for  some  hours.  The  mixed  acids 
were  then  separated  from  the  hydrocarbon,  and  poured  into  a  large 
volume  of  water,  when  crystals  were  obtained  from  several  of  the 
fractions;  this  ti*eatment  was  repeated  until  no  turbidity  was  produced 
on  diluting  the  mixed  acids  with  water.  The  crystals,  when  collected 
and  recrystallised  five  times  from  methylated  spirits  and  water,  and 
then  once  from  water,  melted  at  89  "6°,  showing  that  they  were  pure 
metadinitrobenzene ;  the  greatest  quantity  was  obtained  from  the 
lowest  fraction,  which  boiled  at  68 — 70"^,  and  decreasing  amounts  were 
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obtained  from  successive  fractions  up  to  74 — 77 '5°.  Fi'om  the  higher 
fractions,  no  crystals  were  obtained,  showing  that  benzene  was  appa- 
rently the  only  aromatic  hydrocarbon  present.  The  fact  that  this 
substance,  when  mixed  with  the  paraffins,  distils  over  far  below  its 
true  boiling  point  had  already  been  observed  by  Dr.  Young.  The 
fractions  were  next  treated  three  times  with  about  twice  their  volume 
of  sulphuric  acid,  the  operation  lasting  about  an  hour,  and  after 
washing  twice  with  water,  they  were  shaken  twice'  with  a  strong 
solution  of  caustic  potash.  They  were  again  washed  three  times  with 
water,  and  then  dehydi-ated  with  phosphoric  anhydride.  Each  fraction 
was  then  distilled  separately  into  its  old  flask  from  a  distilling  flask 
containing  roughly  powdered  caustic  potash  ;  the  operation  was 
repeated  with  fresh  potash,  and  the  fractional  distillation  was  then 
continued.  After  the  tenth  distillation,  the  specific  gravity  of  some  of 
the  fractions  was  taken,  the  highest  being  0"7513  at  0°/4°  for  fraction 
80 — 83°.  After  15  distillations,  the  sp.  gr.  of  the  purest  fraction 
was  0"7621,  and  after  33,  the  highest  sp.  gr.  was  0*7722,  namely, 
that  of  the  fraction  80'55 — 80*65°.  This  fraction  gave,  on  analysis, 
the  following  numbers,  which  agree  fairly  well  with  those  required 
for  hexamethylene. 

0-0716  gave  0*2239  CO.,  and  0*0931  H.p.     0  =  85*22  ;  H=  14*44. 
CgHj2  requires  C  =  85*71  ;  H=  14*29  per  cent. 

As  a  proof  that  the  substance  was  hexamethylene  itself,  and  not 
one  of  its  isomerides,  it  was  oxidised  with  fuming  nitric  acid,  when  it 
yielded  adipic  acid,  as  had  been  previously  shown  by  Markownikoff 
{Ber.,  1897,  30,  975)  in  the  case  of  hexanaphthene  from  Caucasian 
peti'oleum. 

Although  the  specimen  of  hexamethylene  obtained  was  not  entirely 
free  from  paraffins,  it  was  necessary  to  stop  the  distillation  at  the 
above  stage,  as  the  quantities  were  so  small  as  to  render  further  purifi- 
cation of  the  substance  impossible;  the  fractions  boiling  between 
80*25°  and  80*65°  were  used  in  the  following  experiments. 


Action  of  Chlorine. 

The  hydrocarbon  (10  grams)  was  placed  in  a  reflux  apparatus, 
together  with  iron  filings  (0*5  gram),  and  exposed  to  sunlight  while 
a  current  of  dry  chlorine  was  passed  through  the  liquid  ;  in  less  than 
half  an  hour,  chemical  action  began,  the  liquid  became  hot,  and  hydro- 
gen chloride  was  evolved  in  abundance.  After  about  4  hours,  the  action 
was  interrupted,  the  product  washed  successively  with  sodium  carbon- 
ate solution  and  water,  and  dried  over  calcium  chloride.      When  about 
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70  grams  of  hexamethylene  had  .been  chlorinated  in  this  way,  the 
dried  product  was  distilled  under  reduced  pressure ;  no  mono- 
chlorhexamethylene  was  obtained,  but  after  repeated  fractional  dis- 
tillation under  a  pressure  of  30  mm.  a  fraction  boiling  at  110 — 115° 
(30  mm.)  was  obtained,  consisting  chiefly  of  dichlorliexamethylene, 
CflHjoCIg  a  substance  which  is  described  in  greater  detail  on  p.   943. 

0-1242  gave  0-2094  CO,,  and  0-0634  H.O.     C  =  45-98  ;  H  =  5-67. 
0-2881     „     0-5642  AgCl.     01  =  48-34." 

OgHjoCU  requires  C  =  47-12  ;  H  =  6-54.     01  =  46-34  per  cent. 

The  oils  boiling  above  115°  (at  30  mm.)  were  subjected  to  repeated 
careful  fractionation  under  reduced  pressure,  when  two  fractions  of 
fairly  constant  boiling  point  were  obtained,  one  boiling  at  135 — 140° 
(at  30  mm.)  and  the  other  at  160—165°  (at  30  mm.).  The  former 
consisted  chiefly  of  trichlorhexamethylene,  0^119013,  and  gave  the 
following  numbers  on  analysis. 

0-1240  gave  0-1706  OOg  and  0-0585  H,0.     0  =  37-52  ;  H  =  5-24. 
0-2512     „     0-5930  AgCl.     01  =  58-27." 

OgHgClg  requires  0  =  3846;  H=4-81  ;  01  =  56-73  per  cent. 

The  higher  boiling  fraction  was  chiefly  composed  of  tetracMorhexa- 
methylene  O^HgOl^,  an  analysis  giving  the  following  results. 

0-1213  gave  0-1406  00^  and  0-0377  HgO.     0  =  31-61  ;  H  =  3-45. 
0-2669     „     0-7029  AgOl.     01  =  65-01. 

OgHgCl^  requires  0  =  3249  ;  H  =  3-61 ;  01  =  63-90  per  cent. 

Both  the  above  fractions  were  heavy,  pale  yellow  oils,  which  distilled 
without  decomposition  under  a  pressure  of  30  mm.,  and  on  long  stand- 
ing deposited  crystals,  but  not  in  sufficient  quantity  for  analysis.  The 
fraction  consisting  chiefly  of  trichlorhexamethylene  was  heated  with 
alcoholic  potash  on  the  water  bath  for  some  hours  in  a  reflux  apparatus. 
Potassium  chloride  separated,  and  the  product  was  extracted  with 
ether,  washed,  dried,  and  fractionated  after  distilling  off  the  ether. 
As  it  seemed  probable  that  the  small  quantity  of  liquid  boiling  below 
90°  might  contain  benzene,  formed  from  trichlorhexamethylene 
by  the  removal  of  3H01,  it  was  treated  with  a  mixture  of  nitric 
and  sulphuric  acids.  The  product  had  the  odour  of  nitrobenzene, 
and  on  extracting  with  ether,  reducing,  <fec.,  aniline  was  detected  by 
its  odour,  and  by  the  purple  coloration  produced  by  bleaching  powder. 

Besides  benzene,  a  considerable  quantity  of  a  substance  boiling  at 
135 — 140^  was  isolated  from  the  product  of  the  action  of  alcoholic 
potash  on  trichlorhexamethylene ;  this  consisted  of  chlorodihydro- 
henzene,  O^HyCl,  formed  by  the  removal  of  2H01  from  trichlorhexa- 
methylene. 
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00970  gave  0-2228  COg  and  0-0516  H,0.     C  =  63-20  ;  H  =  5-91. 
0-1684     „     0-2065  AgCl.     Cl  =  30-36." 

C^H/Jl  requires  C  =  62-93;  H  =  6-12;  CI  =  30-95  per  cent. 

The  action  of  alcoholic  potash  on  dichlorhexamethylene  and  tetra- 
chlorhexamethylene  was  also  investigated,  but  in  both  cases  the  action 
was  a  complicated  one,  and  the  amount  of  material  at  my  disposal 
was,  unfortunately,  too  small  to  allow  of  a  separation  being  effected. 

In  view  of  the  statements  of  both  Markownikoff  {£er.,  1897,  30, 
1222)  and  Zelinsky  {Ber.,  1897,  30,  1532)  that  methylpentamethylene 
is  obtained  by  heating  derivatives  of  hexamethylene  with  concentrated 
hydriodic  acid,  it  seemed  to  be  of  interest  to  ascertain  whether  the 
hydrocarbon  itself  would  undergo  isomeric  change  under  these  con- 
ditions. It  was  therefore  heated  in  a  sealed  tube,  with  five  times  the 
volume  of  hydriodic  acid  and  a  little  amorphous  phosphorus  for  3 
hours  at  temperatures  ranging  from  160°  to  270°.  The  product,  after 
being  washed  and  dried,  boiled  almost  constantly  at  80°,  whereas 
methylpentamethylene  boils  at  70 — 71°.  Hexamethylene,  therefore, 
remains  unchanged  under  these  conditions,  being  apparently  more 
stable  in  this  respect  than  some  of  its  derivatives. 


Hexamethylene  from  Galician  Petroleum. 

Twenty-five  kilograms  of  Galician  oil  of  low  boiling  point  were  pro- 
cured from  Kahlbaum  and  distilled  in  14  portions  from  a  tin  of  about 
one  gallon  capacity,  using  the  same  fractionating  column  as  before.  As 
one  distillation  alone  of  this  quantity  extended  over  nearly  three 
months,  all  the  liquid  boiling  below  65°  and  above  96°  was  discarded  ; 
after  1 2  distillations  of  the  fractions  retained,  they  were  treated  with  a 
mixture  of  nitric  and  sulphuric  acids  to  remove  the  benzene,  which 
was  found  in  all  the  fractions  up  to  and  including  79-7 — 80*7°,  but 
not  in  the  higher  fractions,  the  treatment  with  the  acids  being  re- 
peated until  all  traces  of  benzene  were  removed.  The  fractions  were 
then  washed  and  dried  as  before,  and  distilled  over  potash  into  their 
old  flasks,  after  which  the  fractional  distillation  was  continued.  After 
the  fourteenth  distillation,  the  specific  gravity  of  the  fractions  was 
taken  and  the  results  are  given  in  the  table  on  page  938.  The  column 
headed  AwjAT  represents  the  weight  in  grams  of  each  fraction  divided 
by  its  temperature  range,  and  thus  gives  a  measure  of  the  relative 
purity  of  the  fractions.* 

A  fractional  distillation  of  the  portion  boiling  at  80-7 — 81°  was 
then  carried  out  separately,  as  the  time  required  to  go  through  the 

*  See  S.  Young,  Phil.  Mag.,  Jan.,  1894,  p.  25. 
VOL.   LXXIIL  3    R 
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Fraction. 

Weight 
Aw 

A  lU 
A  T 

Sp.  gr.  at  074°. 

71-6—74° 

134 

53-6 

74    —76 

76 

37-5 

0-7529 

76    —78-5 

166 

66-4 

0-7648 

78-5— 79-5 

75 

75 

0-7720 

79-5— 80-2 

176 

251-4 

0-7756 

80 '2— 80-7 

211 

422 

0-7817 

80-7— 81-0 

322 

1073-3 

0-7834 

81-0— 81 -5 

219 

538 

0-7819 

81-5-83-2 

171 

100-5 

0-7764 

83-2— 87-2 

119 

31-3 

0-7549 

whole  fractionation  until  a  pure  substance  was  obtained  would  have 
been  too  great.  Four  of  the  remaining  fractions,  namely,  the  two 
boiling  nearest  on  each  side  of  the  fraction  80-7 — 81°  were  subsequently- 
used  in  the  preparation  of  derivatives. 

After  11  distillations,  a  fraction  boiling  apparently  constantly  at 
80*7°  was  obtained,  and  the  specific  gravity  of  this  fraction  and  those 
on  either  side  of  it  were  taken. 


Fraction. 
80-65— 80-7° 

80-7 
80-7— 80-75 


Sp.  gr.  at  074° 
0-7846 
0-7878 
0-7899 


The  higher  specific  gravity  of  the  last  fraction  showed  that  pure 
hexam ethylene  had  not  yet  been  obtained,  and  the  distillation  was 
therefore  continued.  In  addition  to  the  difiiculty  of  reading  accm-ately 
to  within  a  twentieth  of  a  degree,  considerable  trouble  was  experienced, 
owing  to  the  fact  that  the  constant  of  the  variation  of  the  boiling 
point  with  the  pressure  was  not  known  for  hexamethylene,  and  a 
slight  error  in  this  constant  would  make  an  appreciable  difference  in 
determining  the  true  boiling  point.  It  was  found  that  the  most  con- 
cordant results  were  obtained  by  assuming  that  a  change  of  pressure 
of  1  mm.  corresponded  with  a  difference  of  0-04°  in  the  boiling  point. 
Three  more  distillations  were  carried  out,  and  then  a  fraction  consist- 
ing of  37  grams  was  obtained  which  boiled  constantly  at  80-8°  and  had 
a  higher  specific  gravity  than  those  on  either  side  of  it. 


Fraction. 
80-75—80-8 

80-8 
80-8—80-85 


Sp.  gr.  at  074° 
0-7881 
0-7903 
0-7896 


The  liquid  boiling  constantly  at  80-8°  was  analysed  and  the  results 
obtained  indicate  that  it  was  pure  hexamethylene. 
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0-1311  gave  0-4110  CO^  and  0-1691  H2O.     C  =  85-50;    H  =  14-34. 
C^Hjo  i-equires  0  =  85-71  ;  H=  14-29  per  cent. 

Hexamethylene  is  a  colourless,  volatile  oil  with  a  pleasant  odour 
resembling  that  of  light  petroleum.  It  is  not  attacked  by  bromine  in 
the  cold,  and  is  not  oxidised  by  potassium  permanganate  solution. 
The  specific  gravities  at  different  temperatures,  the  magnetic  rotation, 
and  the  refraction  constants  of  this  specimen  were  determined  by  Dr. 
W.  H.  Perkin,  sen.,  with  the  following  results. 

Specific  gravity,     d  474°  =  0-7865  ;    d  10710°  =  0-7812. 
d  15715°  =  0-7771 ;    d  20720°  =  0-7731 ;    d  25725°- 0-7694. 
Magnetic  rotation  (mean  of  two  determinations). 


16-1° 


Sp.  rot. 

0-9752 


Mol.  rot. 
5-754 


This  I'otation  is  very  much  lower  than  was  to  be  expected.  In  ring 
compounds,  the  value  for  CHj  is  usually  nearly  normal,  namely,  1  023. 
Hexamethylene  would  therefore  be  expected  to  have  a  molecular 
rotation  of  about  1*023  x  6  =  6-128  or  0-374  higher  than  that  given  by 
the  product  examined. 

""Refraction,  «=17-4°;  d  17-474°- 0-7742. 


Index  of  re- 
fraction 

Sp.  refraction 

Mol.  refraction. 

IX. 

^-1 
d 

M--1     1 

^-  +  2     d 

M-1     p 
d 

M^-1     P 
fji-^  +  2     d 

A 

1-41977 

1-4218 

1-42211 

1-42446 

1-42960 

1-43391 

0-54217 
0-54480 
0-54520 
0-54823 
0-55488 
0-56044 

0-32671 
0-32810 
0-32831 
0-32991 
0-33340 
0-33631 

45-542 
45-762 
45-797 
46-051 
46-610 
47-077 

27-444 

Li  

27-560 

H, 

27-578 

Na 

27-713 

H0 

28-003 

H. 

28-292 

The  calculated  molecular  refraction  for  Ha  is  45-653,  the  above  being 
45-797  ;  the  difference  is  not  very  large,  but  is  in  the  opposite  direction 
to  the  rotation. 

The  agreement  with  the  numbers  obtained  by  Briihl  is  very  good ;  a 
table  of  comparison  is  given  on  p.  946. 

*  In  this  and  all   other   cases,  the  specific  and  molecular  refractions  have  been 

1     F 
■  —   from  Dr.  Perkin's 


calculated  according  to  the  formulae 


M--1     1 


and  -^ 


ljr  +  2     d     ^     fj.-  +  2    d 
determinations  of  /*  and  d,  for  the  sake  of  comparison  with  the  numbers  obtained 
by  Briihl. 

3  R  2 
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Derivatives  of  Hexamethylene  from  Galician  Petroleum. 

Monochloi'hexamethjlene,  CgH^^Cl,  and  its  conversion  into  Tetrahydro- 
benzene,  C^Hjq. — Monochlorhexamethylene  was  obtained  together  with 
dichlorhexamethylene  by  passing  a  current  of  dry  chlorine  into  hexa- 
methylene in  the  cold,  in  diffused  daylight.  An  attempt  to  chlorinate 
in  the  dark  was  made  in  order  to  see  whether  in  this  way  the  action  of 
the  chlorine  would  stop  after  the  formation  of  a  monochloro-derivative, 
but  it  proved  unsuccessful,  hexamethylene  remaining  almost  unchanged. 
It  had  already  been  found  (p,  935)  that  application  of  heat  or  the 
addition  of  chlorine  carriers  gave  rise  to  the  formation  almost 
exclusively  of  higher  substitution  products  such  as  di-,  ti'i-,  and  tetra- 
chlorhexamethylene.  When  chlorine  is  passed  into  hexamethylene 
in  the  cold,  it  dissolves,  in  the  first  instance  forming  a  yellow  solution, 
then,  at  a  certain  point,  combination  begins,  heat  is  developed  and 
hydrogen  chloride  is  evolved.  If  from  this  point  the  gas  is  passed 
slowly  for  about  3  hours,  a  good  yield  of  the  monochloride  is 
obtained.  Similar  observations  were  made  by  iSchorlemmer  [Annalen, 
1877,  188,  250)  in  the  case  of  the  chlorination  of  isoheptane,  the 
action  indeed  taking  place  in  the  same  way.  The  product  was  washed 
with  sodium  carbonate  solution,  and  then  with  water  and  dried  over 
calcium  chloride. 

After  repeated  fractional  distillations  with  a  Glinsky  column, 
a  sample  of  monochlorhexamethylene  was  obtained  boiling  at 
141.3_141-6°  (768  mm.)  and  having  a  sp.  gr.  =  09991  at  0°/0°. 

0-1758  gave  0-2130  AgCl.     01  =  29-85. 

CgH^^Cl  requires  01  =  29*86  per  cent. 

^Monochlorhexamethylene  is  a  colourless  oil  with  a  characteristic 
odour ;  it  is  an  unstable  substance  readily  losing  a  molecule  of  hydro- 
gen chloride  and  yielding  tetrahydrobenzene.  It  distils,  however, 
unchanged  when  pure.  It  dissolves  in  strong  sulphuric  acid  with 
evolution  of  heat,  giving  a  deep  red  solution.  The  sp.  gr.,  magnetic 
rotation,  and  refraction  experiments  gave  the  following  results. 

Specijic  gravity,     d  474°=  0-9897  ;    d  10710°  =  0-9842  ; 
d  15715°  =  0-9800 ;    d  20720°  =  0-9762  ;    d25°/25°  =  0-9725. 

Magnetic  rotation  (twice  determined). 

t.  Sp.  rot.  Mol.  rot. 

Average  15-8  1-1125  7478 

This  molecular  rotation,  like  that  of  hexamethylene,  is  somewhat 
lower  than  the  calculated,  if  the  value  of  chlorine  replacing  hydrogen 
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is  taken  as  1-558,  namely,  that  which  it  has  in  the  paraffin   series, 
thus, 

6CH2  =  6x  1-023  =  6-138 
CI  replacing  H  =  1-558 


Calculated  rotation  of  monochlorhexamethylene  =  7"696 
Refraction,  t  =  lS°;  d  1874°  =  0-9765. 


Index  of  re- 
fraction. 

Sp.  refraction. 

Mol.  refraction. 

M- 

M-1 
d 

fM^-1       1 

^2+2    d 

jU-1       p 

d 

M^-l     P 
lj?  +  2     d 

A 

Li  

H. 

Na 

H,9 

H. 

1-45053 
1-45267 
1-45313 
1-45552 
1-46153 
1-46644 

0-46138 
0-46358 
0-46404 
0-46649 
0-47264 
0-47767 

0-27549 
0-27661 
0-27686 
0-27812 
0-28128 
0-28886 

54-673 
54-934 

54-989 
55-279 
56-008 
56-604 

32-563 
32-695 
32-725 
32-874 
33-248 
33-552 

This  result  is  a  good  deal  higher  than  the  calculated,  thus, 

Molecular  refraction  for  H^  found  =  54-989 
Calculated     54-170 


Difference   =0-819 

Tetrahydrohenzene,  CgH^Q,  is  very  readily  prepared  from  monochlor- 
hexamethylene, being  formed  when  the  latter  is  heated  with  quinoline 
or  alcoholic  potash,  and  in  smaller  quantity  when  heated  with  moist 
silver  oxide  or  even  with  silver  acetate  or  silver  nitrite,  the  best  yield 
being  obtained  by  heating  with  quinoline  for  7  or  8  hours  in  a  reflux 
apparatus.  On  subjecting  the  product  to  careful  fractional  distillation 
without  previous  washing  with  acid,  a  fraction  was  finally  obtained 
boiling  constantly  at  82-3°  (764  mm.). 

An  analysis  of  the  freshly  distilled  substance  gave  the  following 
numbers. 

0-1230  gave  0-3947  CO,  and  0-1503  H.O.     C  =  87-50  ;  H  =  12-22. 
CgHjo  requires  C  =  87-80  ;  H  =  12-20  per  cent. 

It  yielded  a  liquid  dibromide  (p.  948)  and  a  crystalline  nitrosochloride, 
and  its  alcoholic  solution  was  coloured  yellow  on  warming  with  con- 
centrated sulphuric  acid  as  stated  by  Baeyer  [Ber.,  1893,  26,  230). 

Determinations  of  the  specific  gravity,  magnetic  rotation,  and  refrac- 
tion were  made  by  Dr.  Perkin.     The  specimen  sent  him  distilled  in 
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the  first  instance  constantly  at  82'3''  (764  mm.),  but  after  standing  for 
some  days,  it  was  found  that  it  did  not  evaporate  completely  when 
placed  on  bibulous  paper,  but  left  an  oily  stain. 

Sj)ecific  gravity,     d  474°  =  0-8244;    d  10710°  =  0-8188  ; 
(il5715°  =  0-8149;   fZ  20720°  =  0-8110;    c?  25726°  =  0-8072. 

t.  Sp.  rot.  Mol.  rot. 

Magnetic  rotation.       15°  1-1439  6-395 

The  specimen  was  then  redistilled,  when  the  chief  fraction  came  over 
at  82-3°;  the  temperature  then  gradually  rose,  until  a  gummy  product 
was  left  in  the  retort,  and  this,  on  further  heating,  seemed  to  undergo 
decomposition,  some  drops  of  water  condensing  in  the  neck  of  the 
distilling  flask,  a  fact  which  seems  to  indicate  that  the  gummy 
product  contained  a  product  of  the  oxidation  of  the  hydrocarbon. 
The  tendency  of  unsaturated  cyclic  hydrocarbons  to  become  oxidised 
to  thick  gummy  substances  in  presence  of  air  has  been  noted  by 
Markownikoff  (Annalen,  1898,  301,  158). 

The  fraction  boiling  at  82-3°  was  then  examined. 

Specijic  gravity,    d  20720°  =  0-7995  ;   d  25°/25°  =  0-7956. 

The  expansions  given  by  these  density  determinations  are  practi- 
cally the  same  as  for  the  undistilled  product,  but  the  densities  are 
about  0-0154  lower. 

Magnetic  rotation  of  recently  distilled  product. 

t.  Sp.  rot.  Mol.  rot. 

16-8°  1-1198  6-392 

It  will  be  seen  that  the  specific  rotation  is  much  lower  than  in  the 
oi'iginal  product,  but  owing  to  the  change  in  density,  this  is  counter- 
balanced in  the  calculation  for  the  molecular  rotation,  which  comes  out 
much  the  same  as  before. 

The  molecular  rotation  of  this  compound  is  very  low.  If  compared 
with  that  of  hexamethylene,  it  will  be  seen  that  the  difference  is  not 
much  greater  than  it  should  be  for  the  difference  in  composition  of 
Ug,  namely,  0-508,  whereas  it  would  be  expected  to  be  this  ^;?ms  the 
difference  for  unsaturation,  which  is  generally  about  1-112. 

Tetrahydrobenzene  =  6-392 
Hexamethylene        =5-754 


0-638 


It  is  certainly  very  remarkable  that  the  magnetic  rotation  of  hexa- 
methylene and  tetrahydrobenzene  should  be  so  low,  unlike  that  of  any 
other  hydrocarbons  which  Dr.  Perkin  has  as  yet  examined. 
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Refraction  of  redistilled  specimen.     t  =  U-i  ;    d  14-474°  =  0-79934. 


Index  of  re- 
fraction. 

Sp.  refraction. 

Mol.  refraction. 

M- 

M-1 
d 

M«-l     1_ 
/t2  +  2    d 

M-1  .  p 

d 

M^  -1     P 
^2  +  2    (i 

H    

1  -43998 
1-44943 
1-45507 

0-55043 
0-56224 
0-56930 

0-32970 
0-33583 
0-33947 

45-135 
46-104 
46-683 

27-035 

Hfl 

27-538 

Hv 

27-837 

The  molecular  refraction  of  the  redistilled  specimen  is  not  far  from 
that  calculated  for  Cj-Hjo  with  one  ethylene  linking,  but  is  rather 
low. 


C6  =  30-000 
Hio=  13-000 


Ethylene  linking  =    2-300 

45-300 
Found  45-135 


Difference  =   0'165 

Dichlorhexamethylene,  CgH^oOlg,  and  its  conversion  into  Dihydro- 
henzene,^^^. — In  the  course  of  the  preparation  of  monochlorhexamethyl- 
ene,  a  considerable  quantity  of  a  substance  of  higher  boiling  point 
was  obtained  ;  this  was  submitted  to  fractional  distillation,  when  the 
largest  quantity  boiled  at  190—195°.  On  exposure  to  air,  it  became 
rapidly  coloured,  but  on  ;  further  fractionation,  about  15  grams  of  a 
colourless  liquid  was  obtained  boiling  at  193—194°.  This  fraction 
gave  the  following  numbers  on  analysis. 

0-2251  gave  0-4204  AgCl.     CI  =  46-04. 

CgHioCla  requires  CI  =  46-30  per  cent. 

Dichlorhexamethylene  is  a  heavy,  colourless  oil  with  a  penetrating 
odour,  and,  like  monochlorhexamethylene,  dissolves  in  strong  sul- 
phuric acid,  forming  a  deep  red  solution.  Determinations  were 
made  by  Dr.  Perkin  of  its  specific  gravity,  magnetic  rotation,  and 
refraction. 

Specific  gravity,     c^  4°/4°=  1-1777;    cZ  10°/10°=  1-1720  ; 
cZ15°/15°=  1-1678;    ci  20°/20°  =  1-1638;     cZ  25°/25°=  1*1603. 
t  Sp.  rot.  Mol.  rot. 

Magnetic  rotation,       16'6°  1-2224  8-906 
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The  calculated  value  of  dichlorhexamethylene  may  be  obtained  as 
follows. 

6CH2  =  6x  1-023  =  6-138 
2C1  replacing  2H  =  2  x  1-558  =  3-116 


Calc.  rotation  of  dichlorhexamethylene  =  9*254 
Refraction.     ^  =  16-6°;  cZ  16-674°=  1-670. 


Index  of  re- 
fraction. 

Sp.  refraction. 

Mol.  refraction. 

M- 

M-1 

d 

M^-l     1 

^-.'■^- 

^2-1     p 
fi^+2    d 

A 

1-48274 
1-48517 
1-48556 
1-48862 
1-49467 
1-50189 

0-41365 
0-41574 
0-41607 
0-41692 
0-42388 
0-43006 

0-17094 
0-17167 
0-17179 
0-17271 
0-17452 
0-17668 

63-288 
63-608 
63-659 
64-060 
64-853 
64-800 

26-050 

Li  

26-162 

H. 

26-180 

Na 

26  321 

Hfl 

26-598 

H, 

26-9'>6 

On  comparing  the  value  obtained  with  that  calculated  for  H,, 
have  the  following  result. 

Found  63-659 
Calc.  62-740 


we 


Difference  =  0-919 

This  compound,  then,  gives  higher  refraction  values  than  were  to  be 
expected. 

The  oil  boiling  above  194°  was  submitted  to  careful  fractional 
distillation,  and  a  considerable  quantity  of  liquid  was  obtained  boiling 
very  constantly  between  201°  and  202°  and  giving  the  following 
numbers  on  analysis. 

0-1 990  gave  0-3823  AgCl.     CI  =  47-28. 

C6H10CI2  requires  01  =  46*30. 

Possibly  this  oil  may  contain  a  dichlorhexamethylene  which  is 
isomeric  with  the  dichlorhexamethylene  boiling  at  193 — 194°,  but  the 
quantity  of  material  at  my  disposal  was  not  sufficient  to  decide  this 
point. 

Diht/(Irohenzene,C\Ji^,w!is  obtained  by  distilling  dichlorhexamethylene 
with  quinoline  ;  in  this  case,  it  was  found  that  the  yield  was  not  in- 
creased by  prolonged  heating  of  the  mixture  before  distillation.  The 
product,  after  repeated  fractional  distillation,  yielded  a  fraction  boiling 
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at  81 — 82°;  this  was  redistilled  just  before  the  analysis,  when  the 
following  result  was  obtained. 

0-2806  gave  0-9274  CO2  and  0-2527  H2O.     C  =  90-14;  H=  10-00. 
CgHg  requires  C  =  90-00  ;  H  =  10-00  per  cent. 

Dihydrobenzene  is  a  light,  colourless  oil  with  a  peculiar  odour  re- 
sembling that  of  tetrahydrobenzene,  and  very  readily  undergoes  oxida- 
tion. The  vapour  turns  potassium  permanganate  solution  brown 
(Baejer,Ber.,  1893,26, 230),  and  on  standingit  takes  up  oxygen  from  the 
air  and  is  converted  into  a  thick,  syrupy  liquid.  At  first,  a  heavy  layer 
is  formed  at  the  bottom  of  the  tube,  and  this  gradually  spreads  up 
through  the  liquid  until,  finally,  the  tube  may  be  inverted  without 
spilling  its  contents.  The  liquid  boiling  at  81 — 82°  was  sent  to  Dr. 
W.  H.  Perkin,  sen.,  and  he  determined  the  specific  gravity  and  the 
refraction  constants.  The  specimen  sent  him,  like  that  of  tetx'ahydro- 
benzene,  had  undergone  some  change  by  keeping,  as  it  did  not  evaporate 
regularly  on  blotting  paper.  Unfortunately,  there  was  not  enough  to 
allow  of  the  determination  of  the  magnetic  rotation,  so  that  in  this 
respect  its  relationship  to  benzene  and  tetrahydrobenzene  could  not 
be  ascertained. 

Specific  gravity  of  redistilled  specimen,     d  15°/15°  =  0'84987. 

Refraction  of  redistilled  specimen.  <  =  15-5°  ;  d  15-574°  =  0-84785. 


Index  of  re- 
fraction. 

Sp.  refraction. 

Mol.  refraction. 

M. 

^-1 
d 

M^-l     1 
^^2  +  2     d 

M-l.p. 
d 

M^-1     P 
>i2  +  2     d 

H. 

1-47254 
1-48687 
1-49589 

0-55734 
0-57424 
0-58488 

0-32681 
0-33711 
0-34389 

44-587 
45-939 
46-790 

26-145 

H/8 

26-969 

Hv 

27-511 

The  refraction  of  this  compound  does  not  differ  largely  from  the 
calculated  value  with  two  ethylene  linkings,  although  it  is  somewhat 
lower. 

C6  =  30-000 

H8=  10-400 

Two  ethylene  linkings  =  4'600 


45-000 
Found  =  44-587 


Difference  =  0-413 
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•  It  may  be  interesting  here  to  give  a  table  comparing  the  refraction 
constants  of  hexamethylene,  tetrahydrobenzene,  and  dihydrobenzene, 
as  determined  by  Dr.  Perkin  from  the  author's  specimens  with  those  of 
the  same  hydrocarbons  determined  by  Briihl  from  specimens  obtained 
synthetically  by  Baeyer. 


Sp.  gr.  d. 

Index  of  re- 
fi-action,  fi. 

Sp.  refraction. 

m2-i    1 

M^+2     d 

Mol.  refraction. 
M^+2    d 

Briihl. 

rerkin. 

Briihl. 

Perkin. 

Briihl. 

Perkin. 

Briihl. 

Perkin. 

Benzene,  CrHj 

0-8799  (20°M°) 
0  8478  (20°/4°) 
0-8102(2074'') 
0-790   (2074°) 

0-84785  (15  •574°) 
0-79934(14-474°) 
0-7742  (17-474°) 

1-4967 
1-4699 
1-4435 
1-426 

1-47254 
1-43998 
1-42211 

0-3324 
0-3291 
0-3277 
0-3255 

0-32681 
0-32970 
0-32831 

25-93 
26-33 
26-87 
27-56 

Dihydro1x>iizenc,  CgHfi 

Tetrahyrlrohenzene,  CfiHio 
Hexamethylene,  C6H12.... 

26-145 
27-035 
27-578 

The  specific  gravity  of  the  hexamethylene  prepared  by  Baeyer  is  con- 
siderably higher  than  that  of  the  specimen  obtained  during  the 
present  research,  but  the  agreement  between  the  refraction  determina- 
tions is  very  good  in  the  case  of  all  three  hydrocarbons.  The  constants 
for  benzene  are  appended  for  the  sake  of  comparison. 

Dispersion  of  the  hydrocarbons. 

Mol.  refraction  for  H^ — H^.  Dispersion. 

Hexamethylene  =28-292 -27-578  =  0-714 
Tetrahydrobenzene  =  27-837  -  27-035  =  0802 
Dihydrobenzene      =  27-511  -  26-145  =  1  -366 

Monohromhexamethylene,  CgHj^Br. — Many  attempts  were  made  in 
the  first  instance  to  prepare  this  substance  by  the  direct  bromination  of 
hexamethylene  both  with  and  without  the  aid  of  a  bromine  carrier, 
but  the  results  proved  unsatisfactory,  as  the  products  on  distillation 
always  decomposed  at  a  comparatively  low  temperature,  so  that 
purification  by  fractionation  was  impossible.  The  behaviour  of  the 
hydrocarbon  in  this  respect  is  very  similar  to  that  of  normal  hexane 
and  isoheptane,  as  Schorlemmer  was  only  able  to  obtain  an  exceed- 
ingly poor  yield  of  the  secondary  bromide  from  these  hydrocarbons  by 
direct  bromination,  much  loss  being  caused  by  decomposition  [Antialenf 
1877,  188,  250).  Ultimately,  monobromhexamethylene  was  obtained 
in  a  pure  state  by  the  addition  of  hydrogen  bromide  to  tetrahydro- 
l)enzene.  In  the  first  experiments,  the  hydrocarbon  was  dissolved  in  an 
acetic  acid  solution  of  hydrogen  bromide,  and  after  standing  all  night 
and  then  warming  for  a  short  time  on  the  water  .bath  at  60°,  it  was 
mixed  with  water  and  the  heavy  oil  extracted  with  ether,  washed 
with  .sodium  carl»onato  solution,  and  dried  over  calcium  chloride.  On 
distilling  the  product,  it  was  found  that,  although  most  of  the  oil  dis- 


AND   GALICIAN   PETROLEUM. 


947 


tilled  fairly  constantly  at  163 — 164°,  a  small  quantity  of  a  substance 
of  higher  boiling  point  was  present  which  smelt  like  pear-drops  and 
was  evidently  the  corresponding  acetate.  Different  specimens  of  the 
monobromide  prepared  in  this  way,  when  analysed,  gave  the  bromine 
always  3  to  4  per  cent,  too  low.  Tetrahydrobenzene  was  then  placed  in  a 
reflux  apparatus  with  4  or  5  times  its  volume  of  aqueous  hydrobromic 
acid  saturated  at  0° ;  no  action  took  place  in  the  cold,  but  on  warm- 
ing on  a  water  bath,  the  colour  of  the  hydrocarbon  changed  to  deep 
violet  and  after  about  4  houi's  the  action  was  complete.  On  pour- 
ing the  product  into  water,  the  heavy  monobromide  sank  to  the  bottom 
as  a  brown  oil  which  was  extracted  with  ether,  washed,  dried,  and 
distilled  ;  the  greater  part  of  the  liquid  boiled  with  slight  decom- 
position at  162 — 163°,  and  a  bromine  determination  gave  the  following 
result. 

0-1665  gave  0-1917  AgBr.     Br  =  49-00. 

CgHj^Br  requires  Br  =  49-08  per  cent. 

Monobromhexamethylene  is  a  heavy,  colourless  oil  which  readily 
turns  brown  on  exposure  to  air  ;  the  odour  is  penetrating,  and  its 
vapour  has  a  slightly  irritating  effect  on  the  eyes.  It  is  very  readily 
acted  on  by  alcoholic  potash,  tetrahydrobenzene  being  obtained.  The 
specimen  sent  to  Dr.  W.  H.  Perkin,  sen.,  was  too  dark  in  colour  for 
the  determination  of  the  magnetic  rotation,  and  when  distilled  it  gave 
off  a  little  hydrobromic  acid  and  soon  became  coloured  again. 

Si^ecijic  gravity,     d  474°=  1-3406  ;    d  10°/10°=  1-33415. 
d  15°/15°  =  1  -3290 ;    d  20°/20°  =  1  -3240  ;    d  25°/25°  =  1  -3188. 

The  refraction  of  the  sample  was  determined  for  three  lines  only,  as 
it  was  too  dark  to  allow  of  others  being  measured. 

Refraction,  <  =  14-6°;  d  14-6°/4°=  1-3264. 


Index  of  re- 
fraction. 

Sp.  refraction. 

Mol.  re 

raction. 

IX. 

M-1 
d 

M^-1     1 
y.^  +  2    d 

d 

M^-l     P 
lx'^  +  2    d 

Li  

1-49177 
1-49255 
1-49564 

0-37077 
0-37135 
0-37368 

0-21864 
0-21894 
0-22010 

60-435 
60-530 
60-910 

35-638 

Ha  

35-686 

Na 

35-876 

This  compound,   like  the   corresponding  chlorine  derivative,  gives 
higher  numbers  than  the  calculated,  thus, 
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Molecular  refraction  for  Ha  found  =  60  "5  30 
Calculated  =  59-690 


Difference  =  0*840 

Dih'omhexanuthylene,  CgHjoBrg,  was  obtained  by  the  action  of 
bromine  on  tetrahydrobenzene  in  ethereal  solution.  The  flask  was 
cooled  with  water  and  the  bromine  added  drop  by  drop,  when  rapid 
decolorisation  took  place,  heat  being  evolved ;  as  soon  as  a  drop  of 
bromine  produced  a  permanent  coloration  in  the  solution,  it  was 
washed  with  dilute  caustic  soda  solution  and  dried,  the  ether  was 
distilled  off,  and  the  dibromide  distilled  under  reduced  pressure.  It 
boiled  at  145 — 146°  under  a  pressure  of  100  mm. 

0-3228  gave  0-5028  AgBr.     Br  =  66-22. 

CgHj^Brg  requires  Br  =  66*12  per  cent. 

Dibromhexamethylene,  when  pure,  is  a  heavy,  colourless  oil,  but  it 
rapidly  decomposes  on  exposure  to  air,  becoming  very  dark.  It  is 
readily  acted  on  by  alcoholic  potash,  yielding  dihydrobenzene. 

Tetrahromhexamethylene,  CgHgBro,  was  obtained  in  a  crystalline  form 
by  the  action  of  bromine  on  dihydrobenzene  in  ethereal  solution ;  on 
adding  a  drop  of  bromine  to  the  solution,  it  was  instantly  decolorised, 
and  white  crystals  separated.  These  were  washed  with  ether  and 
dried,  when  they  melted  at  184°  (Baeyer  184—185°). 

0-1317  gave  0-2572  AgBr.     Br  =  79-83. 

CgHgBr^  requires  Br  =  80-00  per  cent. 

Chlorhydroxyhexamethylene,  CgH^QCl'OH. — A  solution  of  hypo- 
chlorous  acid,  obtained  by  passing  chlorine  into  a  mixture  of  ice  and 
water  containing  freshly  precipitated  mercuric  oxide  in  suspension, 
was  shaken  with  tetrahydrobenzene.  Heat  was  evolved,  and  the  oil 
which  formed  and  settled  at  the  bottom  of  the  flask  was  distilled 
with  steam,  separated  from  the  aqueous  layer,  and  dehydrated  with 
calcium  chloride. 

0-1417  gave  0-1542  CI.     CI  =  26-86. 

CgHioCl-OH  requires  CI  =  26*34  per  cent. 

The  liquid  was  pale  yellow,  had  a  characteristic  odour,  and  de- 
composed on  distillation.  On  treating  it  with  zinc  dust  and  acetic 
acid,  much  heat  was  evolved,  but  the  final  product  still  contained 
chlorine,  and  the  quantity  of  substance  was  insufficient  to  repeat  the 
reduction  so  as  to  obtain  the  corresponding  alcohol. 

A  fractional  distillation  of  the  portion  of  Galician  petroleum  boiling 
below  70'^  was  undertaken,  in  order,  if  possible,  to  isolate  pure  penta- 
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methylene  from  the  oil.  It  appears,  however,  not  to  be  present  in 
quantity  sufficient  to  enable  this  to  be  done  without  a  very  large 
expenditure  of  time,  and  if  any  further  attempts  in  this  direction  are 
made,  the  source  used  must  be  Caucasian  naphtha. 

I  wish  to  express  my  sincere  thanks  to  Dr.  W.  H.  Perkin,  sen.,  for 
his  courtesy  in  permitting  me  to  include  in  this  paper  his  determina- 
tions of  the  specific  gravity,  magnetic  rotation,  and  optical  constants  of 
the  substances  obtained  ;  to  Professor  S.  Young  for  the  use  of  the 
fractionating  column,  without  which  the  isolation  of  pure  hexamethyl- 
ene  would  have  been  impossible,  and  particularly  to  Professor  W.  H, 
Perkin  for  his  kind  advice  and  help  during  the  course  of  this  research, 
which  has  been  carried  out  under  his  guidance  at  Owens  College,  I 
am  also  greatly  indebted  to  him  for  the  analyses  of  hexamethylene, 
tetrahydrobenzene,  and  dihydrobenzene  which  he  carried  out  after  I  left 
Manchester. 

Note. — Since  the  above  was  written,  a  paper  by  Markownikoff  has 
appeared  {Annaleyi,  1898,  302,  1)  giving  a  detailed  account  of  the  pre- 
paration of  derivatives  of  hexanaphthene  from  Caucasian  naphtha,  and 
his  results,  taken  in  conjunction  with  those  in  the  present  paper,  con- 
clusively show  that  the  hydrocarbon,  GqH.^^,  boiling  about  80°  from 
Caucasian,  from  Galician,  and  from  American  petroleum  is  identical 
with  synthetical  hexamethylene. 

Univeesity  College, 
Bristol. 


XCVI. — A    Composite  Sodium  Chlorate  Crystal  in  which 
the  Tivin  Law  is  not  Followed. 

By  William  Jackson  Pope. 

Composite  crystals  are  either  twins,  in  which  rotation  of  the  one  crys- 
talline individual  about  a  common  twin  axis  suffices  to  bring  both  into 
identical  orientation,  or  else  the  crystalline  individuals  have  inter- 
grown  in  some  chance  position  in  which  no  symmetrical  relation  holds 
between  the  orientations  of  the  individuals  constituting  the  growth. 
The  following  case  is  of  interest,  as  being  apparently  anomalous  as 
regards  the  manner  in  which  composition  has  occurred. 

During  the  recent  work  of  Kipping  and  Pope  on  enantiomorphism 
(Trans.,  1898,  606),  several  thousand  sodium  chlorate  crystals  were  ex- 
amined microscopically,  and  one  crop  of  crystals,  deposited  from  a  pure 
aqueous  solution,  contained  three  presenting  the  appearance  shown 
in  the  figure  (next  page) ;  one  of  these  three  composite  crystals  was 
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removed  from  the  solution  in  a  fit  state  for  measurement  and  was 
found  not  to  have  been  formed  in  accordance  with  the  ordinary  twin 
law  referred  to  above,  but,  nevertheless,  the  two  individuals  were 
orientiated  in  a  peculiarly  symmetrical  manner  one  to  the  other. 


Each  of  the  two  crystals  exhibit  all  the  faces  of  the  form  {100}. 
The  cx'ystal  forming  the  base  of  the  combination  is  about  a  centimeti-e 
square  and  a  millimetre  thick,  whilst  the  crystal  standing  upon  the 
centimetre  square  base  is  almost  a  cube  of  5 — 7  mm,  edge.  The 
measurements  given  below  show  that  one  four-fold  axis  of  symmetry 
of  the  lower  crystal  coincides  in  direction  with  one  three-fold  axis  of 
symmetry  of  the  upper  crystal.  In  the  table,  the  capital  letters  refer 
to  the  faces  on  the  cube-shaped  crystal,  the  indices  of  which  are 
enclosed  in  brackets ;  the  calculations  are  made  on  the  assumption  that 


Angle. 

Measured   values. 

Calculated  values. 

AB= 

=  (100) 

:  (010) 

89^56' 

90°  0' 

BC= 

:(010) 

(001) 

90    1 

90    0 

AC^ 

^(100) 

:(001) 

90    5 

90    0 

bB^ 

'.  010 

.(010) 

44  59 

45    0 

bC= 

r    010 

:(001) 

45    3 

45    0 

aA  = 

=  100 

:(100) 

35  18 

35  16 

dB  = 

=  100 

:(010) 

65  51 

65  54 

aC^ 

-.  100 

:(001) 

65  52 

65  54 

the  three-fold  axis  of  symmetry  of  the  one  crystal  coincides  in 
direction  with  the  four-fold  symmetry  axis  of  the  other,  and  that  the 
faces  bBGb  are  in  a  zone. 

The  close  agreement  between  the  observed  and  calculated  angles  on 
the  composite  crystal  leads  to  the  conclusion  that  the  planes  (111) 
and  (Oil)  on  the  cube-shaped  crystal  are  respectively  parallel  to  the 
planes  (001)  and  (010)  on  the  tabular  crystal, 

lioth  individuals  are  dextrorotatory  and  were  firmly  attached;  on 
breaking  them  apart,  an  uneven  surface  was  left  at  the  plane  of  con- 
tact. 
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It  would  be  interesting  to  know  whether  such  cases  of  regularly 
orientated  juxtaposition,  in  which  the  twin  law  is  not  followed,  are 
common. 

Chemistry  Department, 

Goldsmiths'  Institute, 

New  Cross,  S.E. 


XCVII. — Contributions  to  the  CJiemist7y  of  Thoriums ; 
Comparative  Research  on  the  Oxalates  of  the  Rare  Earth* 

By  BoHUSLAV  Brauner,  Ph.D.,  Professor  of  Chemistry  in  the  Bohemian 
University,  late  Berkeley  Fellow  of  Owens  College. 

A.  Historical  Introduction. 

In  continuing  my  researches  on  the  chemistry  of  the  "  rare  earth  " 
metals  (Trans.,  1882,  41,  68;  Compt.  rend.,  1882,  94,  1718;  MonatsJi., 
1882,  3,  46  ;  Trans.,  1883,  43,  278  ;  ibid.,  1885,47,  879  ;  ibid.,  1888, 
53,  357;  Ber.,  1891,  24,  1328;  Chem.  News,  1895,71,  283)  which 
were  began  in  1878,  attention  has  been  directed  to  thox'ium. 

Thorium,  which  belongs  to  the  fourth  group  of  the  periodic  system, 
is  quadrivalent,  whereas  the  other  rare  earth  elements — notwith- 
standing cerium  and  praseodymium  form  compounds  of  a  higher  type 
than  11X3 — are,  in  the  majority  of  their  compounds,  tervalent.  The 
author's  attention  was  directed  to  the  following  reaction,  by  which 
thorium  oxalate  of  the  form  RX^  is  distinguished  fi'om  the  other 
oxalates  of  the  form  RX3. 

Bahr  {Annalen,  1864,  132,  231)  found,  in  1864,  that  oxalate  of 
"  wasium  "  (which  he  found  later  on  to  be  identical  with  thorium)  is 
soluble  in  a  warm  solution  of  ammonium  oxalate. 

Bunsen  {Ann.  Phys.  Chem.,  1875,  155,  375),  in  1875,  found  that 
Bahr's  reaction  might  be  used  for  the  preparation  of  pure  thorium 
compounds  ;  he  observed  that  the  oxalates  of  the  cerium  and  yttrium 
earths,  when  boiled  with  an  aqueous  solution  of  ammonium  oxalate 
and  then  largely  diluted  with  water,  remained  in  solution  to  a 
small  extent  only,  whereas  the  solution  of  thorium  oxalate  in 
ammonium  oxalate  is  not  precipitated  (decomposed)  by  the  addition 
of  water.  It  was,  however,  found  necessary  to  repeat  the  process  of 
conversion  of  this  thorium  oxalate  solution  into  the  oxide,  then  into 
the   sulphate,  and  again   into   the  oxalate,  dissolving  the  latter  in 

*  The  principal  results  of  the  present  research  were  communicated  to  the 
Toronto  Meeting  of  the  British  Association  on  August  20,  1897. 
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ammonium  oxalate,  &c.,  many  times,  in  order  to  get  rid  of  the  last 
traces  of  cerium  and  lanthanum,  the  presence  of  which  was  indicated 
by  the  spark  spectra. 

My  intention  was  to  study  the  interesting  reaction  of  Bahr  and 
Bunsen  as  fully  as  possible,  in  order  to  use  it  for  the  separation  of 
thorium  fi'om  the  accompanying  earth  metals,  and  for  the  preparation 
of  pure  thorium  compounds,  as  well  as  the  determination  of  the 
atomic  weight  of  thorium.  But  whereas,  in  Bunsen' s  experiments 
(and  in  those  of  his  followers,  who,  however,  did  not  throw  any 
new  light  upon  the  problem  in  question),  the  thorium  oxalate 
was  dissolved  by  using  an  arbitrary  quantity  of  ammonium  oxa- 
late, although  undoubtedly  in  excess,  I  started  on  the  supposi- 
tion that  the  reaction  in  question  is  due  to  the  formation  of  a 
definite  double  oxalate  of  thorium  and  ammonium,  and  my  first 
task  was  to  isolate  this  double  salt,  and  to  investigate  its  com- 
position and  properties.  The  second  point  was  to  establish,  from 
the  kuown  composition  and  properties  of  this  double  salt,  the  minimum 
quantity  of  ammonium  oxalate  which  would  be  sufficient  to  keep,  say, 
1  molecule  of  thorium  oxalate  in  solution,  and  in  this  way  to 
prevent  the  oxalates  of  the  tervalent  earth  metals,  which  are  un- 
doubtedly far  less  soluble  in  ammonium  oxalate,  from  being  dissolved. 

The  object  of  the  following  research  was  to  solve  both  these  problems, 
namely,  the  preparation  of  the  double  salt,  and  the  purification  of  the 
material  based  on  the  properties  of  this  double  salt. 

B.  Preparation  of  the  Material. 

Thanks  to  the  introduction  of  thorium  compounds  into  the  incan- 
descent light  industry  by  Dr.  Auer,  the  material,  which  ten  years  ago 
was  very  scarce,  has  now  become  easily  accessible,  a  large  share  of 
the  credit  for  which  is  due  to  Dr.  Shapleigh. 

The  following  method  was  tried  for  the  purification  of  thorium. 
Impure  thorium  nitrate  was  converted  into  the  sulphate,  and  the 
latter  treated  with  a  saturated  solution  of  sodium  sulphate  in  such 
proportion  that  4  parts  of  the  double  sulphate  of  sodium  and  thorium 
was  contained  in  100  parts  of  the  solution  ;  this  method  {and  the 
subsequent  recrystallisation  of  thorium  sulphate  from  hot  water, 
which  was  not  used  by  me)  was  recommended  some  years  ago  by  Cleve 
{K.  Svenska  Vet.  Akad.  Handl.,  2,  No.  6,  p.  187)  for  the  purification  of 
thorium,  but  although  cerite  metals  were  undoubtedly  present,  I  found 
that  not  a  trace  of  them  was  precipitated  in  the  form  of  insoluble  double 
sodium  sulphates.  From  this  solution,  the  thorium  hydroxide  was  pre- 
cipitated by  ammonia,  and,  after  being  washed,  was  dissolved  in  hydro- 
chloric acid  and  precipitated  as  oxalate  ;  after  washing  and  drying,  this 
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oxalate  was  used  for  a  preliminary  atomic  weight  determination, 
which  was  made  in  a  manner  which  will  be  fully  described  in  a 
separate  paper  "  On  the  Atomic  Weight  of  Thorium." 

The  results  obtained  were:  Th02  =  53'562  per  cent.  ^203  = 
30-155  per  cent.     At.  weight  of  Th  =  225-84. 

This  number  is  much  lower  than  that  found  by  Kriiss  and  Nilson 
{Ber.,  1887,  20,  1675),  Th  =  232-45,  and  proves  that  cerite  earths 
cannot  be  separated  from  thoria  by  means  of  sodium  sulphate. 

In  order  to  prepare  an  approximately  pure  thorium  oxalate,  a 
strongly  acid  solution  of  the  hydrochloride,  prepai-ed  as  described 
above,  was  heated  to  boiling,  and  a  solution  of  oxalic  acid  added  from 
a  burette  drop  by  drop  with  continuous  stirring,  until  the  heavy 
crystalline  precipitate  of  thorium  oxalate  began  to  settle  rapidly  from 
the  clear  liquid.  This  oxalate  was  collected  while  hot,  and  washed 
with  hot  water  containing  about  1  per  cent,  of  oxalic  acid,  in  order 
to  pi'event  its  passing  through  the  filter. 

In  this  way,  any  zirconium  present  is  removed,  whereas  if  the 
oxalic  acid  solution  be  added  in  large  quantity  at  once,  zirconium  will 
be  carried  down  with  the  thorium  oxalate,  although  alone  it  is  not 
precipitated  by  oxalic  acid  under  these  conditions. 

C. — First  Attempts  to  prepare  the  Double  Salt. 

Part  of  the  thorium  oxalate,  prepared  as  above  described,  was 
heated  with  water  to  boiling,  and  ammonium  oxalate  added  in  small 
portions  at  a  time,  until  about  half  of  the  thorium  oxalate  had  dis- 
solved. When  cold,  the  clear  solution  was  filtered  off  from  the 
insoluble  portion  consisting  of  the  oxalates  of  thorium  and  the  cerite 
earths,  and  the  filtrate  concentrated  until,  when  allowed  to  cool, 
large,  needle-shaped  crystals  began  to  form,  consisting  of  ammonium 
oxalate  contaminated  only  with  a  little  thorium ;  the  hot  solution 
poured  off  from  these  slowly  growing  crystals  now  deposited  smaller 
crystals  of  a  different  kind.  On  spontaneous  evaporation,  the  solution 
solidified  to  a  crystalline  mass  consisting  of  hexagonal  plates  belong- 
ing probably  to  the  monoclinic  system  ;  it  was,  however,  so  thick  and 
pasty  that  it  was  difficult  to  free  the  crystals  from  the  mother  liquor. 

The  air-dried  crystals,  as  well  as  all  the  double  oxalates  of  thorium 
and  ammonium,  were  analysed  in  the  following  manner.  The  thorium 
was  determined  as  dioxide,  ThOg,  by  heating  the  salt  for  a  long  time 
carefully,  gradually  raising  the  temperature,  and  heating  at  last 
strongly  over  the  blast.  In  all  cases,  a  double  platinum  crucible  was 
used.  The  radicle  of  oxalic  acid,  C^Og,  was  determined  with  deci- 
normal  permanganate  in  a  warm  solution  of  12*5  per  cent,  sulphuric 
acid  in  the  manner  to  be  described  in  the  paper  "  On  the  Atomic 
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Weight  of  Thorium."  Ammouium  oxide  was  estimated  by  distillation 
with  potash,  it'c,  and  water  of  crystallisation  was  determined  from  the 
loss  at  105°.  It  was  found  convenient  to  express  the  composition  of 
the  salts  and  of  the  solutions  analysed,  in  the  old  dualistic  notation. 
The  analysis  of  the  salt  corresponds  with  the  formula 

Th02,2C203  +  3(NH,)20,C,0.j  +  7|H,0 I. 

ThOg.  5C0O3.  3(NHJ20.  r^HoO.  Total, 

r  264-45  360-10  156-43  135-"l3  916-11 

Calculated*    ...  |    ^g-sT  39-30  17-08  14-75  100-00 

Found 28-75  39-79  16-74  14-54           99-82 

From  the  result  of  this  analysis,  it  follows  that,  on  using  3  mols.,()f 
ammonium  oxalate  for  the  dissolution  of  1  mol.  of  thorium  oxalate,  a 
highly  purified  thorium  salt,  like  the  above,  may  be  obtained  at  once, 
and  at  the  same  time  hardly  any  appreciable  quantity  of  cerite  oxalates 
will  dissolve. 

In  the  following  experiment,  13-64  grams  of  thorium  oxalate,  free 
from  zirconia,  corresponding  with  11-42  grams  of  the  anhydrous  salt 
(  =  1  mol.),  were  boiled  with  11-94  grams  (3  mols.)  of  ammonium  oxalate 
in  aqueous  solution  until  no  further  diminution  of  the  volume  of  the 
precipitate  was  observed  ;  the  clear  solution  was  poured  off  from  the 
insoluble  colloidal  residue  which  could  not  be  separated  by  filtration, 
and  which  still  contained  a  considerable  quantity  of  thorium. 

The  Jirst  crop  of  crystals,  obtained  on  evaporation  of  the  solution, 
were  long  needles,  and  were  analysed  with  the  following  result. 

ThO^^  9-57  per  cent.      020,-47-68  per  cent.     (NH^)oO  =  30-13  per 
cent.     H20=  12-62  per  cent. 

From  this  follows  the  molecular  relation  : 

lTh02:16(NHJ.p:18C203:19H20 II. 

We  have  here  a  mixture  of  the  double  salt  with  a  large  quantity  of 
the  relatively  less  soluble  ammonium  oxalate. 
The  second  crop  had  the  molecular  composition, 

lThO.,:4iCA:2KNH,),0:5iH20 III. 

ThO^.        41C2O3.      2^(NHj)20.  r,\U.,0.      Total, 

j  264-45     324-09       130-39  99-09     818-02 

Calculated  ^    32.33       gy.^g         15.94  12-11     10000 

Found 32-46       39-97         15-59  (16-09)t     11-48       99-50 

*  Tlic  atomic  iminbors  used  in  tliis  paper  are:  O  =  lC-00  ;  11  =  1 -003  ;  0  =  12-01  ; 
N  =  14  04  ;Th  =  232-4.''i. 

t  The  values,  in  brackets  for  ammonium  oxide,  are  equal  to  the  dilFerence  from 
100,  and  they  sometimes  more  nearly  correspond  with  the  truth  tlian  the  direct 
dftiiuiinations. 
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The  molecular  composition  of  the  third  ciop  was, 

lThO,:4iC,03:23(NH,).,0:4iH20 IV. 

ThOj.         4^C.>03.     2i(NH4),0.  4iHoO.       Total, 

f  264-45     312'09       121-70  78-07     776-31 

Calculated  |    ^^.^^       ^^.^q         j^.gg  jj.q5     iqoOO 

Found  33-91       40-47         1557  (15-65)         9-97       99-92 

The  molecular  composition  of  the  fourth  crop  was, 

IThO,:  410,03  ••2i(NH4)20:4iH20 Y. 

ThOo.  41C2O3.       24(NH4)20.  44H0O.  Total. 

J  264-45         324-09         13039  81-07         80000 

Calculated  ^^    ^^.^g  ^^.g^  ^g.^^  -^^.^^         lOQ-OO 

Found 33-49  40  74  (15-53)  10-24         100-00 

It  is  seen,  on  comparing  the  relations  III,  IV,  and  V,  that  the  svib- 
stances  analysed  consist  of  the  double  salt  of  thorium  oxalate  with 
ammonium  oxalate,  contaminated  with  a  varying  proportion  of  free 
oxalate  of  ammonium.  Having  regard  to  the  circumstance  that 
Th'^  X4  +  4RX  +  4H2O  is  the  most  probable  normal  formula  of  a 
double  salt  of  an  element  of  the  fourth  group,  we  are  entitled  to  sub- 
tract from  the  molecular  relation  obtained  in  III,  IV,  and  V  the 
small  quantity  of  adhering  ammonium  oxalate,  especially  as  it  is 
only  a  small  fraction  of  a  molecule ;  thus  after  subtracting  ^  or 
^[(NH^)20,,0^,H20]  from  the  relations  IV  or  V,  the  following  most 
probable  formula  of  the  pure  salt  is  obtained. 

Th02,2C203  +  2{l^K^).-,0,C.-,0.^  +  4H2O  or  Th{Gff^-l^}i^)^  +  4H2O     .  VI. 

From  the  relations  II  and  III,  a  salt  with  5H2O  is  obtained,  whereas 
on  subtracting  1  mol.  ammonium  oxalate  from  I,  we  find  that  the  salt 
crystallises  with  OI^HgO. 

From  these  results,  not  only  may  the  probable  formula  of  the  new 
double  salt  be  inferred,  but  also  that  the  salt  crystallises  with  two 
different  amounts  of  water. 

D. — SohibiUty  of  the  Double  Salt, 

The  new  double  salt  cannot  be  purified  by  recrystallisation  from 
water,  as  it  is  hydrolytically  decomposed  by  it  into  a  white,  colloidal 
precipitate,  and  ammonium  oxalate ;  the  decomposition  is,  however, 
only  a  partial  one,  as  the  ammonium  oxalate,  the  soluble  product  of 
decomposition,  keeps  part  of  the  double  salt  in  solution.  From  this, 
it  follows  that  the  double  salt  cannot  exist  in  aqueous  solution  without 
the  simultaneous  presence  of  free  ammonium  oxalate  ;  it  was  impos- 
sible, therefore,  to  determine  the  solubility  of  the  double  salt  in  water 

3  s  2 
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in  the  ordinary  way,  and  so  the  only  available  method  was  to  analyse  a 
saturated  solution  of  the  nearly  pure  salt,  that  is,  of  the  solution 
from  which  the  nearly  pure  salt.  III,  began  to  crystallise  out. 

2 •8235  grams  of  this  mother  liquor,  on  evaporation,  and  drying  at 
105°,  gave  a  residue  weighing  1-3340  grams,  and  the  latter,  on  heating 
over  the  blast,  left  0-4822  gram  of  ThO.,  =  17*29  per  cent.  From 
these  data,  the  composition  is  as  follows. 

Th(C20,)2  =  26-71  ;  {'NB:^)2G.p^=-.  20-54: ;  H20  =  52-75  percent. 

The  molecular  proportions  of  the  constituents  of  the  system  are, 

lTh{Cp,),:2-53{^Il,).f.p^-A5B..p  .....     VII. 

or  ThCCA-NH^)^  +  0-53(NB.^)PP^  +  idlip. 

The  solubility  of  the  salt  in  water  is  expressed  as  follows.  One 
hundred  parts  of  water  kept  in  solution  90*3  parts  of  the  double  salt, 
Th(C204'ISrH4)^  +  411.20,  but  9-3  parts,  or  one  additional  half-molecular 
weight  of  ammonium  oxalate,  must  be  present  in  order  to  prevent  the 
decomposition  of  the  salt  by  water. 

As  thorium  oxalate  is  practically  insoluble  in  water,  and  as  ammonium 
oxalate  requires  4*5  parts  of  water  for  its  solution,*  the  mere  circum- 
stance that  the  new  double  salt  is  kept  in  solution  by  an  equal 
quantity  of  water  indicates  that  it  is  not  a  double  salt  in  the 
ordinary  sense  of  the  word,  but  a  complex  compound,  namely,  the 
ammonium  salt  of  thoroxalic  acid  or  ammonium  thoroxalate. 

E. — New  Experiments  to  Prepare  the  Cominlex  Salt. 

Thoroxalate  of  ammonium  exhibits  in  a  high  degree  the  tendency 
to  form  supersaturated  solutions — a  circumstance  which  will  be 
treated  more  fully  below — and  this  property  was  used  in  order  to 
prepare  the  new  salt  in  a  pure  state. 

64-8  grams  of  ordinary  thorium  oxalate  (1  mol.)  containing  54-44 
per  cent,  of  ThOo  was  mixed  with  46-5  grams  of  crystallised  ammonium 
oxalate  {2\  mols.)  and  boiled  with  100  c.c,  of  water;  a  considerable 
portion  of  thorium  oxalate  remained  undissolved.  The  turbid  liquid 
was  then  considerably  diluted  with  water  in  order  to  secure  the  pre- 
cipitation of  the  oxalates  of  the  other  rare  earths,  and  when  the  solu- 
tion became  clear,  half  of  the  liquid  was  syphoned  off,  and  carefully 
evaporated  to  the  original  concentration,  so  that,  on  cooling,  the  greatest 

*  10-175  grams  (  =  10  c.c.)  of  a  solution  of  ammonium  oxalate  saturated  at  17°, 
in  contact  with  undissolved,  solid  salt,  contained,  according  to  a  volumetric  de- 
termination with  permanganate,  0-44107  gram  of  the  crystallised  salt,  therefore, 
1  part  is  soluble  in  4-531  parts  of  water  or  22-07  parts  in  100  parts  of  water. 
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part  of  the  salt  crystallised  out.     The  analysis  of  the  first  crop  of 
crystals  gave  the  following  result. 

Th02  =  25-66;  0203  =  42-59;  HaO^ll-iS;  (NH4)20  =  20-32  per  cent. 

The  composition  of  the  crystals  is  therefore, 

l[Th02,2C.p3  +  2(NH,)20,C203  +  4H20]  +  2(NH,).30,C20.,  +  H20  .    .     VIII. 

The  crystals  contain  far  less  free  amonium  oxalate  than  the  first 
crystallisation,  II,  of  the  former  series. 

After  some  time,  the  dense  mother  liquor, ]the  volume  of  which  was 
about  20 — 30  cc,  was  poured  off  carefully  from  the  crystals  into  a 
small  beaker,  when  immediately,  before  the  eyes  of  the  observer, 
beautiful,  glistening,  well-formed  crystals  several  mm.  in  length 
began  to  grow  downwards  from  the  surface  of  the  highly  super- 
saturated liquid.  After  some  time,  when  the  growth  of  the  crystals 
had  ceased,  the  solution  was  poured  off  into  another  small  beaker ; 
owing  to  a  new  impulse,  a  fresh  growth  of  large  crystals  took  place 
from  the  solution  which  was  still  supersaturated,  although  it  contained 
the  same  crystals  as  "ground  substance";  moreover,  the  operation  of 
pouring  off  the  solution  and  the  immediate  formation  of  fresh  crystals 
could  be  repeated  four  times  within  a  few  hours.  In  this  way,  crops 
of  crystals  Nos.  2,  3,  4,  and  5  were  obtained,  and  it  was  only  when 
the  mother  liquor  was  poured  off  from  No.  5  that  the  property  of 
crystallising  so  rapidly  and  the  strong  supersaturation  ceased. 

The  crystals  obtained  in  the  four  crystallisations  Nos.  2,  3,  4,  and 
5  were  separately  dried  by  pressing  between  smooth  filter  paper,  and 
after  being  kept  only  a  short  time  in  well  closed  vessels,  they  were 
analysed  with  especial  care,  with  the  following  results. 

No.  2.  0-7474  gram  of  the  salt,  when  dried  at  107°,  lost  0-1202 
gram  =  16-08  per  cent.,  and  at  127°,  0-1204  gram  =  16-11  per  cent.  HgO, 
and  after  heating  more  strongly,  at  last  over  a  blowpipe,  0-2527  gram 
Th02  =  33-81  per  cent,  was  left. 

0-6001  gram,  on  titration  with  permanganate,  gave  0-2214  gram 
0203  =  36-89  per  cent. 

0-7066  gram  gave  0-09464  gram  (NH4)20  =  13-39  per  cent. 

No.  3.  0-97905  gram,  when  kept  over  phosphorus  pentoxide  for  9 
days  at  20°,  lost  0-1547  gram  =  15-80  per  cent.  ;  after  drying  at  105°, 
0-1552  gram  =  15-85  per  cent.,  and  at  125—130°,  0*15625  gram  =  15-96 
per  cent.  HgO. 

After  heating  over  the  blowpipe,  a  residue  of  0*3309  gram  =  33*798 
per  cent.  ThOg  was  obtained. 

0-5445  gram  gave  0-20208  gram  0203  =  37-11  per  cent. 

No.  4.  1-2701  gram  salt,  at  105°,  lost  0-20375  gram  =  16-04  per 
cent.  HgO,  leaving  a  residue  of  0-4829  gram  =  33*77  per  cent.  ThOg. 
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0-40095  gave  0-1479  C2O3  and  0-5481  gave  0-20208  0203  =  36-887 
and  36-87  per  cent. 

0-6199  gram  gave  0-08286  (NHJ20=  13-37  per  cent. 

No.  5.  1-2147  gram,  at  107°,  lost  0-1952  gram  =  1607  per  cent.,  and 
at  125 — 130°,  0-1964  gram  =  16-17  per  cent.  H^O,  leaving  a  residue  of 
0-4047  gram  =  3332  per  cent.  ThO^. 

0-5971  gram  gave  0-22185  gram  0203  =  37-15  per  cent. 

All  these  data  correspond  exactly  to  the  formula, 

Th0o,20203  +  2(NH4)20,C,03  +  7H2O  or  Th(C20,-NH,)4  +  7H.,0.  .     IX. 

Calculated.  Found. 

, * ^  No.  2.  No.  3.  No.  4.  No.  5. 


Th0.^  =  264-45  33-78  33-81  33-80  3377  3332 

40303=288-08  36-79  36-89  37-11  36-88  37-15 

2(NhJ20  =  104-29  13-32  13-39  (13-13)  13-37  (13-36) 

7H20=126-11  16-11  16-11  15-96  16  04  16-17 


782-93  100-00        10020        100-00        10006        100-00 

Fraction  No.  5  evidently  already  contained  a  slight  admixture  of 
free  ammonium  oxalate.  The  fi-actions  Nos.  2,  3,  and  4  were  almost 
absolutely  pure,  and  gave  as  a  mean  33-789  per  cent,  of  thorium  di- 
oxide. From  the  ratio  33-789  :  66-211 -a; :  518-48  (that  is,  4O2O3-I- 
2(NH J2O  +  7H2O),  the  molecular  weight  Th02  =  264-59  is  calculated 
fi'om  which  follows  Th  =  232-59  as  the  atomic  weight  of  thorium. 

F. — Projyerties  of  Ammonium  Thoroxalate. 

It  follows  from  the  comparison  of  the  formulae  given  in  VI  and  IX 
that  the  complex  salt  investigated  occurs  in  the  form  of  two  hydrates  : 
the  one  foim,  which  crystallised  on  spontaneous  evaporation  of  the 
solution,  contains  4II2O,  whereas  the  second,  which  has  hitherto  been 
obtained  only  by  inducing  the  crystallisation  of  a  supersaturated 
solution,  contains  7HoO.  This  circumstance  may  be  regarded  as  a 
new  confirmation  of  the  rule  established  by  Potili'zin,  that  "  com- 
pounds forming  supersaturated  aqueous  solutions  appear  in  more  than 
one  hydrated  form." 

The  above  supersaturated  solution  seems  to  be,  in  the  first  place? 
"  supersaturated,"  with  regard  to  the  hydrate  with  4H2O,  for  the  crys- 
tallisation from  this  solution  does  not  take  place  even  when  the  tetra- 
hydrated  salt  exists  in  it  for  several  days  as  a  sedimentary  or  "ground 
substance."  It  appears,  however,  that  the  solution  may  al.so  exist  in 
a  state  of  supersaturation  with  regard  to  the  hydrate  with  711^0,  for  a 
mechanical  impulse  is  always  necessary  in  order  to  induce  the  crystal- 
lisation of  one  part  of  the  heptahydrate,  and  this  unstable  equilibrium 


EESEARCH    ON    THE   OXALATES    OF   THE    KARE    EARTH.       959 

is  only  partly  destroyed  by  the  growth  of  the  crystals,  which  after  a 
time  ceases,  so  that  only  by  new  mechanical  impulses  can  new  quan- 
tities of  the  salt  be  induced  to  crystallise. 

It  has  hitherto  been  impossible  to  study  these  phenomena  from  the 
physico-chemical  point  of  view,  for  as  the  salt  undergoes  hydrolytic 
decomposition  in  contact  with  water,  it  can  only  exist  in  aqueous 
solution  in  the  presence  of  one  of  the  products  of  its  decomposition, 
ammonium  oxalate,  and  this  hydrolytic  decomposition  is  a  very  complex 
process,  as  will  be  seen  in  the  following  sections. 

Another  circumstance  should  be  pointed  out.  From  VI,  as  well  as 
from  the  experiments  on  the  decomposition  of  ammonium  thoroxalate 
by  water  described  further  down,  it  follows  that  the  minimum  quan- 
tity of  ammonium  oxalate  necessary  to  keep  the  ammonium  thor- 
oxalate from  undergoing  decomposition  in  a  saturated  concentrated 
solution  of  the  salt  is  a  half-molecule.  This  gives  rise  to  the  question  : 
What  quantity  of  free  ammonium  oxalate  was  contained  in  the 
^^  supersaturated^'  solution  from  which  a  perfectly  pure  ammonium 
thoroxalate  tree  from  mechanically  adhering  ammonium  oxalate  was 
obtained  % 

The  calculation  may  be  made  from  the  following  data.  The  sum  of 
the  weights  of  the  pure  crystallisations  Nos.  2,  3,  4,  and  5  was  26"18 
grams,  the  last  mother  liquor  contained,  in  100  parts,  ThO., -12"09, 
CgOg^  15-68,  (NH4)2O  =  6-60,  and  H20  =  65-63.  Its  molecular  compo- 
sition was  therefore, 

Th(C.,O4NH4),-f0-76(NHJ,aO,-f80H2O     ....     X. 

As  100  parts  of  this  solution  contained  12  09ThO.„  but  100  parts  of 
the  solid  residue  left  by  this  solution  on  evaporation  contained 
29-60ThO2  and  SB-ieC.Oy,  the  4-203  grams  of  the  residue  obtained  cor- 
responded with  10-287  grams  of  the  solution,  its  total  weight  being 
14-122  grams.  Therefore,  100  parts  of  the  original  solution,  befoi-e 
the  separation  of  the  crop  of  crystals  No.  2,  contained  :  Th0.2  =  26-11, 
C2O3  =  29-54,  (NH4)20  =  10-91,  and  H2O  =  33-44.  From  this  it  is  cal- 
culated that  the  molecular  composition  of  the  original  supersaturated 
solution  was, 

Th(C2O,N"H4)4  +  0-14(NH,),C2O4+19H2O     ....     XL 

In  this  solution,  two  parts  of  the  anhydrous  ammonium  thoroxalate 
are  kept  dissolved  by  one  part  of  water. 

The  beautifully  formed  crystals  of  the  heptahydrated  ammonium 
thoroxalate  have  a  strong  lustre,  but  their  surface  soon  became  dull 
on  exposure  to  the  air,  even  in  closed  vessels.  The  crystals  were 
therefore  uiasuitable  for  crystallographic  e:samination. 
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The  hydrate  with  THgO  is  the  more  labile  one,  and  it  is  completely 
converted,  even  in  air  of  ordinary  humidity,  into  the  more  stable 
hydrate  with  4HoO,  as  seen  from  the  following  experiment. 

0'7185  gram  of  the  finely  powdered  salt  was  exposed  to  air  of  ordinary 
humidity,  but  so  that  dust  had  no  access  to  it,  and  weighed  frequently. 
After  23  days,  the  loss  of  weight  amounted  to  0-0490  gram  =6'82 
per  cent.,  after  50  days  to  0*05  gram  =6'96  per  cent.,  whereas  the 
calculated  loss  for  SHgO  is  6'90  per  cent.,  and  no  further  loss  took 
place  after  the  lapse  of  13  months. 

Another  loss  of  water  takes  place  in  a  dry  atmosphere,  for,  as  seen 
from  the  analysis  of  No.  3,  the  loss  of  weight  over  phosphorus  pent- 
oxide  after  9  days  amounted  to  1580  per  cent.,  or  the  salt  loses  almost 
the  whole  of  its  water  of  crystallisation,  the  quantity  calculated  for 
7HoO  being  16'11  per  cent.  After  exposure  to  ordinary  air  for  9  days, 
only  1  -48  per  cent,  of  water  was  taken  up  again. 

This  behaviour  is  in  accordance  with  the  fact  that  we  have  to  deal 
with  a  complex  salt  and  not  with  a  double  salt  of  the  ordinary  kind, 
for  its  constituents  behave  in  a  different  manner.  Ammonium  oxalate 
loses  its  water  of  crystallisation  only  at  100°,  whereas  thorium  oxalate 
retains  2H2O  even  after  drying  at  100°.  Moreover,  ammonium 
oxalate  loses  part  of  its  ammonia  at  100°,  becoming  acid,  but  ammonium 
thoroxalate  may  be  dried  at  127°  without  losing  any  ammonia,  and  it 
is  only  at  150°  that  a  partial  decomposition  takes  place,  as  seen  from 
the  following  experiment. 

0'6270  gram  of  the  anhydrous  salt,  after  heating  for  6  hours  at  150°, 
lost  0*0070  gram  =1-12  per  cent.,  and  after  6  hours  more,  at  190°,  it 
lost  0'0188  gram  more  =3*00  per  cent. 

On  heating  to  a  higher  temperature,  the  salt  is  decomposed,  and 
large  quantities  of  cyanogen,  easily  recognisable  by  its  odour,  are 
evolved  ;  at  the  same  time,  paracyanogen  is  formed.  It  is  known  that 
Dumas  found  cyanogen  among  the  products  of  the  decomposition  of 
ammonium  oxalate  by  heat,  but  comparative  experiments  I  have  made 
show  that  the  smell  of  cyanogen  evolved  on  heating  ammonium  oxalate 
(which  loses  much  ammonia  above  100°)  is  far  less  pronounced  than 
that  obtained  with  a  corresponding  quantity  of  ammonium  thor- 
oxalate. 


G. — Hydrolytic  Becomjwsitioit,  of  Ammonium  Thoroxalate. 

When  solid  ammonium  thoroxalate  is  brought  into  contact  with 
water,  hydrolytic  decomposition  takes  place,  a  white  precipitate  is 
formed,  and  the  solution  contains  thorium  and  ammonium  in  the  form 
of  oxalates,  that  is,  a  certain  quantity  of  dissolved  ammonium  thor- 
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oxalate,  together  with  an  excess  of  free  ammonium  oxalate.  The 
quantity  of  the  salt  decomposed  and  that  of  the  insoluble  and  of  the 
soluble  products  of  decomposition  is  a  function  of  the  amount  of  water 
used  for  the  decomposition. 

It  is  known  that  thorium  oxalate  is  soluble  in  an  aqueous  solution 
of  ammonium  oxalate,  and  so  at  first  sight  it  seemed  probable  that  the 
white  precipitate  formed  in  the  above  process  of  decomposition  con- 
sisted of  thorium  oxalate,  the  compounds  [a)  ammonium  thoroxalate 
and  (b)  thorium  oxalate,  ammonium  oxalate,  and  water  being  the  two 
sides  or  phases  of  an  ordinary  reversible  reaction.  It  was  my  in- 
tention to  investigate  whether  the  white  insoluble  compound  was 
ordinary  thorium  oxalate  or  not.  Unfortunately,  however,  this  preci- 
pitate is  a  colloidal  substance,  which,  when  attempts  are  made  to  collect 
it  by  filtration,  passes  entirely  through  the  filter,  and  if  after  repeated 
filtration  some  of  it  may  remain  on  the  filter,  washing  with  water  pro- 
duces a  milky  liquid  which  again  passes  through  the  filter,  so  that  it  was 
impossible  to  isolate  the  precipitate  for  analysis.  Yet  in  connection 
with  the  expei'ience  gained  at  a  much  later  period  of  the  present  re- 
search, as  described  in  Section  L  entitled  "  A  new  thoroxalate  of 
thorium  and  ammonium "  (p.  980),  it  was  possible  to  determine  the 
composition  of  this  colloidal  precipitate  by  an  indirect  method. 

Uxp.  1.  2"1374  grams  of  the  pure  thoroxalate  of  ammonium, 
Th(C204'lsrH4)4  +  THgO,  the  analysis  of  which  was  described  in 
section  E,  was  placed  in  a  measuring  flask  of  25  c.c,  and  6  c.c.  of 
water  of  24°  was  poured  over  it ;  on  shaking,  the  temperature 
fell  to  19°,  the  solution  and  decomposition  by  water  being  an  endo- 
thermic  process.  After  this,  18  c.c.  more  water  was  added,  so  that 
the  total  quantity  of  water  was  23"991  grams,  the  flask  being  re- 
peatedly shaken  until  a  homogeneous,  milky  liquid  was  obtained  ;  this 
required  a  long  time  to  become  quite  clear,  so  that  it  was  not  until 
after  two  months  standing  that  weighed  portions  of  the  clear  liquid 
could  be  analysed. 

5'1296  grams  of  the  liquid  (sp.  gr.  =  1  "026)  was  weighed  in  a  crucible, 
which  was  placed  in  a  closed  weighing  flask  (a  similar  vessel  contain- 
ing platinum  served  as  a  tare),  the  liquid  was  evaporated  on  the 
water  bath,  and  the  residue  heated  gradually  until  the  oxalic  acid 
and  ammonia  were  destroyed,  finally  over  the  blast,  so  that  only 
thorium  dioxide  was  left.  This  weighed  0*07  gram,  so  that  100  pai'ts 
of  the  liquid  contained  1'3647  parts  of  ThOg. 

In  another  portion,  weighing  5'1151  grams,  the  oxalic  acid  radicle, 
C2O3,  was  determined,  by  means  of  permanganate,  after  acidifying  with 
dilute  sulphuric  acid,  when  0*10633  gram  of  OgO^  was  found  =  2'07865 
per  cent.  OgOg.  As  thorium  and  ammonium  were  present  in  the  form 
of    normal   salts,  it   was    unnecessary  to  make  a  determination  of 
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ammonia,  as  the  quantity  of  ammonium  oxide  present  could  be  deter- 
mined by  calculation. 

The  1-3647  per  cent,  of  ThOa  require  074328  per  cent.  CgOgin  order 
to  form  2*1 0798  per  cent,  of  the  normal  anhydrous  thorium  oxalate, 
so  that  the  remaining  1*33537  per  cent,  of  Cfi^  forms,  with  0-96682 
per  cent,  of  (NH4)oO,  2-30219  per  cent,  of  anhydrous  ammonium 
oxalate.  The  total  of  the  solids  in  solution  is  therefore  4-41017  per 
cent.,  and  the  difference  from  100  =  95-5898  is  the  percentage  of  water 
in  the  solution. 

Now  the  2-1374  grams  of  the  salt  Th(C204-NH^)4  +  7H20  used 
contain  0-67794  gram  of  (NH^)2C20j(  =  o),  and  1-11518  grams  of 
Th(C.,0^)o(  =  o,),  and  0-34428  gram  of  water,  which,  together  with  the 
23-911  grams  of  water  used  for  the  decomposition  of  the  salt,  gives  a 
total  of  24-3353  grams  of  water  present  in  the  flask. 

As  the  object  was  to  calculate  the  composition  as  well  as  the  quait- 
lily  of  the  precipitate,  it  was  convenient,  in  obtaining  a  first 
approximation,  to  assume  that  the  precipitated  solid  contained  no 
water. 

a. — From  the  above  data,  first  the  absolute  quantity  of  ammonium 
oxalate  contained  in  the  solution  was  calculated  as  follows  :  (HoO  in 
the  solution  =  95-5898  per  cent.,  (NHJ^O  in  the  solution  =  2-30219 
per  cent.,  and  the  absolute  quantity  of  water  =  24-3353  grams) 
95-5898:  2-30219  =  24-3353  : a;,  from  which  a;-0-58612  gram.  The 
difference  between  this  number  and  the  total  quantity  of  ammonium 
oxalate  o  present  {o-x,  or  0-67794  -  0-58612)  =  0-09182  gram,  which 
is  the  quantity  of  ammonium  oxalate  contained  in  the  precipitate. 

h. — In  the  same  way,  the  absolute  quantity  of  thorium  oxalate  con- 
tained in  the  solution  is  calculated  [Th(C204)2  in  the  solution  = 
2-10798  per  cent.,  the  two  values  for  water  are  the  same  as  in  «], 
95-5898:  2-10798  =  24-3353  :y,  from  which  7/  =  0-53666  gram.  The 
difference  between  this  number  and  the  total  quantity  of  thorium 
oxalate  Oj  present  (o^-y,  or  1-11518  -  053666)  =  0-57852  gram,  which 
is  the  quantity  of  thorium  oxalate  contained  in  the  precipitate.  Now, 
on  dividing  the  quantities  of  ammonium  oxalate  and  of  thorium 
oxalate  contained  in  the  precipitate,  as  calculated  from  a  and  h,  by 
the  molecular  weights  of  these  oxalates,  the  following  molecular  ratio 
is  obtained:  'n\{<^p^\:{^B.^\Qp^  =  \  :  0-522,  which  shows  that  the 
white,  colloidal  precipitate  does  not  consist  of  ordinary  thorium  oxalate, 
but  that  it  contains  half  a  molecule  of  ammonium  oxalate,  combined, 
for  every  molecule  of  thorium  oxalate. 

It  will  be  seen  from  Section  L  (p.  980)  that,  at  a  much  later 
period  of  the  present  research,  a  compound  was  obtained  which  was 
also  colloidal  at  first,  but  became  crystalline  after  the  lapse  of  several 
months.   The  compo.sition  of  these  crystals  is  expressed  by  the  formula 
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2Th{Cp^)^,(N'H^)jGPi  +  7'H:.p,  or  it  is  a  "quarter-saturated"  thor- 
oxalate  of  ammonium.  As  this  compound  was  obtained  by  hydrolytic 
decomposition  of  the  normal  thoroxalate  of  ammonium  which  was 
originally  completely  dissolved  in  water,  there  can  be  no  dovibt  that  our 
colloidal  precipitate  is  only  a  colloidal  modification  of  this  compound, 
and  it  may  be  assumed  that  it  also  contains  TH^O. 

The  sum  of  the  quantities  of  the  oxalates  of  ammonium  and  thorium 
calculated  in  a  and  b,  namely,  0-09182 +  0-57582  =  0-67034  gram, 
represents  the  quantity  of  the  colloidal  compound  regarded  as  anhy- 
drous, and,  as  in  the  heptahydrated  salt,  for  every  88-18  parts  of  the 
anhydrous  salt,  11-82  parts  of  water  are  contained  (see  analysis  in 
Section  L),  it  follows  that  the  colloidal  substance  contains  0-08985 
grams  of  water,  so  that  its  total  weight  is  0-76019  gram. 

This  quantity  of  water  must  be  subtracted  from  the  total  quantity 
of  water  present  in  the  solution  24-3353 —  0-08985  =  24-2455  grams, 
and  this  number  must  be  substitvited  for  the  value  H20  =  24-3353 
grams  in  the  equations  a  and  b.  This  second  calcvilation  gives 
.r  =  0-58394  gi-ams  and  o- a;  =  0094,  and  equally  y  =  0-53467  and 
Oj  -  2/  =  0-58051  grams.  The  molecular  ratio,  Th(Co04), :  (NH4)2C.,04  = 
1  :  0-533,  H„0  in  the  precipitate  =0-09042  gram,  weight  of  the  pre- 
cipitate =  0-76492  gram.  A  third  calculation  with  this  last  value 
for  water  gives  a  result  which  may  be  regarded  as  final,  for  it  does 
not  differ  sensibly  from  that  obtained  in  the  second  calculation.  We 
obtain  a;  =  0-58393  gram  and  o— a;  =  0-094  gram,  ?/  =  0-53466  gram 
and  Oj  -  2/ =  0-58052  gram.  The  molecular  ratio  is  1  :  0-533,  and  H  O 
in  the  precipitate  =  0-09042  gram,  so  that  the  total  weight  of  the  pre- 
cipitate is  =0-76495  gram.  It  is  seen  that  the  repeated  calculations 
do  not  alter  the  molecular  ratio  between  the  oxalates  of  thorium  and 
ammonium  in  the  precipitate. 

The  results  of  the  experiment,  described  at  some  length,  lead  to  the 
interesting  conclusion  that  the  action  of  water  on  ammonium  thor- 
oxalate,  as  well  as  the  action  of  ammonium  oxalate  on  thorium  oxalate 
in  aqueous  solution,  is  a  reversible  process,  having  three  j)hases  (not 
"phases"  in  Gibbs'  sense. 

c.  2Th{dp^)2,Qiip  +  i(kB:^)PP^  +  2kp  +  Aci    .     .     .     XIL 

The  above  experiment  enables  us  to  calculate  the  real  amount  of 
the  solid  product  of  decomposition  yielded  by  a  definite  quantity  of 
solid  ammonium  thoroxalate,  and  of  the  quantity  of  the  latter  existing 
in  the  aqueous  solution  in  the  presence  of  a  definite  quantity  of 
ammonium  oxalate.  Of  course,  thoroxalate  of  ammonium  does  not 
exist  as  such  in  what  we  call  its  aqueous  solution,  being  partly  hydro- 
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lysed  and  partly  ionised,  but  it  was  impossible  to  include  questions  of 
this  kind  in  the  present  research,  which  is  already  too  extended, 
having  required  sevei'al  years  of  work,  incomplete  as  it  is.  For  the 
treatment  of  the  decomposition  of  ammonium  thoroxalate  by  water 
from  the  point  of  view  of  Gibbs'  phase  rule  is  a  very  complicated 
problem,  as  not  only  the  oxalates  of  thorium  and  of  ammonium  appear 
as  products  of  decomposition,  but  certainly  one  and  probably  two 
intermediate  compounds,  [Th2(C204)-(NH4).,  +  THgO  ^^'^ 

TMC204)6(NH,),  +  a:H,0], 
are  formed. 

The  ratio  between  the  final  values  for  the  quantity  of  thorium 
oxalate  y  contained  in  the  aqueous  solution,  and  between  that  contained 

in  the  precipitate  (o,  -  ?/)  is   — ^  = =    ,  this  number  re- 

^       ^  V  1     ^/       ^^_^     0-58052      1-086 

presenting  their  molecular  ratio.     The  ratio  between  the  quantity  of 

thorium  oxalate  contained  in  the  aqueous  solution  v/,  and  between  the 

quantity  of  ammonium   oxalate  x  contained  in  the  same  solution   is 

0-58393 
a;/y=  .-  ^,  and  on  dividing  these  two  numbers  by  the  correspond- 

ing molecular  weights,  the  following  ratio  is  obtained  for  the  substances 
existing  in  aqueous  solution,  Th(C20j2 :  (NH4)2C20^  =  1  :  3-593.  The 
sum  of  the  molecular  quantities  of  thorium  oxalate  contained  in  the 
solution  (  =  1  mol.),  and  that  contained  in  the  precipitate  (  =  1-086) 
=  2-086  being  taken  as  the  starting  point,  the  decomposition  of 
this  molecular  quantity  of  ammonium  thoroxalate  by  water  is  expressed 
as  follows. 

2-086[Th(C2O^-NH,)„7H.,O  +  488 Aq]  gives, 

Dissolved  :  Th(C204-NH^\  +  l-59(NH^).,CoO^+  1028Aq,  and 

Insoluble:  0-543[Th2(C2O4)5(NH4)2  +  7H26]     .     .     .     XIII. 

In  performing  the  following  experiments,  practical  purposes  were 
kept  in  view  as  the  first  object.  In  order  to  prepare  a  thorium  com- 
pound free  from  other  rare  earths,  it  was  necessary  to  ascertain  : 
What  is  the  smallest  molecular  quantity  of  ammonium  oxalate 
necessary  for  dissolving  a  molecular  quantity  of  thorium  oxalate 
and  keeping  it  dissolved  in  an  aqueous  solution  of  varying  con- 
centration 1 

For  this  purpose,  either,  a,  ammonium  thoroxalate  was  decomposed 
by  water,  or,  b,  thorium  oxalate  was  treated  with  ammonium  oxalate 
and  water  ;  in  the  latter  case,  it  was  found  that  thorium  oxalate  is  only 
slowly  dissolved  in  a  dilute  solution  of  ammonium  oxalate  even  at 
100'^,  whereas  when,  in  accordance  with  the  ratio,  VI,  for  100  parts 
of  water  45  parts  of  ammonium  oxalate  were  used,  large  quantities  of 
thorium  oxalate  were  found  to  pass  easily  and  quickly  into  the  solution 
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at  100°.  This  seems  to  be  explained  by  the  circumstance  that  the 
formation  of  the  complex  salt  is  not  a  mere  additive  proces.s,  but  that  it 
is  preceded  by  the  splitting  up  of  the  valencies  between  the  CO-groups, 
in  which  case  a  resistance  has  to  be  overcome. 


*  I 


CO— 0— NH4  .0— CO— CO— 0— NH^ 

CO— 0— NH^         ^^^0— CO— CO— 0— NH4 

^CO— 0— NH^ "  ^^^\^0— CO— CO— 0— NH^ 

CO— 0— NH4  ^0— CO— CO— 0— NH4 

From  Exp.  1,  it  follows  that  the  aqueous  solution  of  ammonium 
thoroxalate  contains  the  following  molecular  quantities. 

Th(C2O4-NH^)^  +  l-59(NHj2Cp^+1028H^O     ....     XIV. 

Exp.  2.  The  portion  remaining  from  Exp.  1  was  boiled,  but  the 
solution  was  analysed  only  after  it  was  cold  and   had   become  clear  ; 

100  parts  of  the  solution  contained  1'403  parts  ThOg  and  2-111  parts 
C2O3,  orTh(C20j2  =  2'166  parts,  (NH^)._,C20^  =  2-322  parts,  and  H.O 

=  95 '5 11  parts.  The  solution  contained  the  following  molecular 
quantities. 

Th(C2O4'NH^)4  +  l-53(NHj2C2O4  +  1000H2O     ....     XV. 

Exj).  3.  5-8393  gi-ams  of  the  pure  ammonium  thoroxalate  was  treated 
in  a  closed  cylinder  with  5-84  grams  of  water.  A  considerable  dimi- 
nution of  temperature  occurred,  and  as  the  complete  decomposition 
proceeded  only  very  slowly  in  the  pasty  mixture,  the  closed  cylinder 
was  heated  to  100°,  and  its  contents  repeatedly  shaken.  A  milky 
emulsion  was  formed,  which  took  a  long  time  to  clear.  The  small 
volume  of  the  clear  solution  standing  above  the  white  colloidal  precipi- 
tate was,  after  9  months  standing,  removed  by  a  pipette  and  analysed. 

One  hundred  parts  of  the  solution  contained  13-69  parts  Th02  and 
16-918  parts  C^O.,  or  Th(C204)2  =  2M46  parts  (NH4)2C204=  16-312 
parts,  and  H20  =  65-542  parts.  In  this  solution,  the  following  mole- 
cular quantities  were  contained. 

Th(C2O,-NH4)^  +  0-54(NH4)2C2O,  +  67H2O     ....     XVI. 

This  is  the  most  concentrated  saturated  solution  which  can  exist  at 
the  ordinary  temperature. 

On  calculating  the  composition  of  the  solution  and  of  the  precipi- 
tate, and  the  quantity  of  the  latter,  in  the  same  way  as  described  in 
Exp.  1,  the  following  approximate  molecular  representation  of  the 
hydrolytic  decomposition  of  the  salt  is  obtained. 

1  •5[Th(C204'  NH4),,7H20  +  38  Aq]  = 

Dissolved  :  Th(C20^-  NHJ^  +  0-bi{^B.^).-,G.p^  +  %1B.p,  and 

Insoluble:  0-5[Th(C2O4)2 -J- (NH^)2C204]"    ....     XVII. 
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The  precipitate  contains  an  equal  number  of  molecules  of  thorium 
oxalate  and  ammonium  oxalate,  and  consists  either  of  a  new  "  half- 
saturated  '•  ammonium  thoroxalate,  intermediate  between  the  normal 
salt  and  the  "quarter-saturated"  salt,  or  of  a  mixture  of  an  equal 
number  of  molecules  of  the  latter  and  of  the  unaltered  normal  com- 
pound. If  the  first  view  is  correct,  which  is  not  impi-obable,  this 
compound  must  be  regarded  as  the  first  product  of  hydrolytic  decom- 
position of  ammonium  thoroxalate  and  as  the  ammonium  derivative 
of  acid  thorium  oxalate,  Th2(C204)gH^,  and  a  new  fourth  phase  be- 
tween a  and  h  would  be  added  to  the  reversible  process  of  hydrolytic 
decomposition  represented  in  XII. 

{a^  Th2(CA)c(NH,)4,xH20  +  2(NH,),C,0,  +  (14  -  x)B..p  +  A.ci  ^ 

Exp.  4.  1'66  grams  of  the  complex  salt  was  boiled  with  1"66  grams 
of  water,  and  crystals  of  ammonium  oxalate  were  added  ;  the  solution 
became  clear  after  the  addition  of  01  gram  of  ammonium  oxalate.  It 
was  diluted  with  water  to  50  c.c,  and  after  being  kept  3  days,  spheri- 
cal aggregates  of  crystals  were  found  on  the  bottom  of  the  flask.  The 
clear  liquid  was  analysed,  with  the  following  result. 

One  hundred  parts  of  the  solution  contained  1  -0349  parts  ThO^  and 
1-4115  parts  CgOg,  or  Th(C204).,  =  1'5986  parts  (NH4)2C204  =  1-4616 
parts,  and  H20  =  97-1398  parts. 

The  solution  contained  the  following  molecular  quantities. 

Th(C2O,-NH4)4-Hl-00{NH^)2C2O4H-1378H2O     .     .     .     XVIII. 

Exp.  5.  The  portion  of  solution  remaining  from  Exp.  4  was  diluted 
with  much  water,  and  the  clear  solution  was  analysed  after  9  days 
standing. 

100  parts  of  the  solution  contained  :  ThO^^  0-27704  part  and  C^Og 
=  0-38273  part  or  Th(C204)2  =  0-4279  part,  (NH4)2C204  =  0  3997  part 
and  1120  =  99-1724  parts.  The  solution  contained  the  following  mo- 
lecular quantities. 

Th(C2O,-NH4)4-i-l-07(NH,)2C2O,  +  5254H2O     ....     XIX. 

From  this  solution,  after  a  considerable  time,  a  further  separation 
of  a  crystalline  .solid  took  place. 

The  experiments  No.  4  and  No.  5,  but  not  Nos.  1  and  2,  permit 
the  following  conclusion  to  be  di'awn. 

If  thorium  oxalate  is  pure,  one  molecular  quantity  of  this  salt, 
when  treated  with  three  molecular  quantities  of  aujmonium  oxalate 
and  water,  give  a  solution  which  remains  clear  for  some  time,  even 
after  dilution  with  a  considerable  quantity  of  water. 
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The  following  experiments  were  made  in  order  to  test  the  truth  of 
this  thesis. 

Exp.  6.  2-1372  grams  of  pure  thorium  oxalate,  prepared  from  the 
pure  complex  salt,  and  containing  51  "908  per  cent,  or  1*1094  gram  of 
ThO.2  (1  ^o\),  was  mixed  with  1-7893  grams  or  3  molecular  proportions 
of  ammonium  oxalate,  and  to  4-0265  grams  of  this  mixture  8  grams 
of  water  was  added.  After  raising  the  temperature  of  the  whole  to 
100°,  an  immediate  and  complete  solution  took  place,  and  the  liquid, 
on  adding  38  parts  of  water  for  each  part  of  ammonium  oxalate,  re- 
mained clear  for  some  time. 

Exp.  7.  1-4590  grams  of  pure  thorium  oxalate  containing  0-7750 
gram  of  ThOo  (1  mol.)  was  mixed  with  1-25  gram  (3  mols.)  of  ammo- 
nium oxalate,  and  6  c.c.  of  water  was  added  ;  at  100°,  a  clear  solution 
was  obtained  at  once.  The  solution  was  diluted  with  water  to  50  c.c. 
and  remained  clear  for  5  days  in  a  closed  vessel  ;  on  the  sixth  day, 
however,  a  slight  turbidity  appeared,  and  later  on  a  white  precipitate 
separated  from  the  liquid.  After  several  weeks,  this  precipitate  became 
crystalline,  and  adhered  to  the  glass  walls  of  the  vessel.  Ths  perfectly 
clear  solution  was  analysed  after  a  lapse  of  6  months. 

One  hundred  parts  of  the  solution  contained  1-3638  parts  ThO^  and 
1-9450  parts  C2O3  or  Th(C204)2  =  2-106  parts,  (RB.^\Gff^=2-Q>1Z 
parts,  and  H20  =  95*821  parts.  The  solution  contained  the  following 
molecular  quantities. 

Th(C2O4-NH4)4  +  l-24(NH4).2C2O4  +  1032H2O     ...     XX. 

Originally,  before  the  separation  of  the  crystalline  precipitate,  the 
ratio  was, 

Th(C2O4-NH4)4  +  l-00(NH4)2C2O4  +  956H2O     ....     XXI. 

The  difference  between  the  composition  of  the  solution  in  the 
two  cases  is  due  to  the  fact  that  part  of  the  thorium  originally 
contained  in  the  solution  was  separated  after  6  months  standing  in 
the  form  of  the  solid  "quarter-saturated"  ammonium  thoroxalate, 
Th2(C20,yNH,)2  +  7H20. 

Exj).  8.  29-324  grams  of  the  purest  thorium  oxalate,  prepared  from 
the  pure  complex  salt  and  once  more  purified  by  crystallisation  from 
nitric  acid  (see  Section  M),  and  containing  15-221  grams  of  Th02 
(1  mol.)  was  mixed  with  24*55  grams  (or  3  mols.)  of  ammonium  oxalate 
and  50  c.c.  of  water  ;  on  applying  heat  to  this  mixture,  a  clear  solu- 
tion was  obtained  easily  and  rapidly  ;  this  was  further  diluted  with 
850  c.c.  of  water  (total  water  =  900  c.c).  After  some  time,  a  turbidity 
was  produced  and  became  considerable  after  5  days  ;  later  on,  this 
colloidal  precipitate  first  formed  was  converted  into  a  crystalline  sub- 
stance, of  which  a  considei'able  quantity  was  found  on  the  bottom  and 
on  the  walls  of  the  vessel. 
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After  5  months  standing,  one  part  of  the  clear  solution  was  used 
for  analysis,  whilst  the  principal  portion  of  the  solution  was  left  in  the 
closed  vessel  in  contact  with  the  precipitate,  which  was  collected  and 
analysed  after  another  lapse  of  10  months  (see  Section  L,  p.  980). 

One  hundred  parts  of  the  solution  contained  Th0.2=l"3328  and 
1-3312  parts  (mean  =1-332  parts),  and  q,0.,=  1-9180  and  1-9182 
parts  (mean  =  1-918  parts),  or  Th(C20j2  =  2-0575  parts,  (NHJ2C204  = 
2-057  parts  and  HgO  =  95-8855  parts. 

The  solution  contained  the  following  molecular  quantities. 

Th(C2O,-NH,)4+l-29(NH4)2C2O4+1057H2O     .     .     .     XXII. 

Originally,  before  the  separation  of  the  crystalline  precipitate,  the 
ratio  was 

Th(C2O4-NHj4+l-00(NH,)2C2O4  +  964H2O     .     .     .     XXIII. 

In  this  case  also,  a  part  of  the  thorium  oxalate  originally  contained 
in  the  solution  was  separated  in  the  form  of  solid  "  quarter-saturated  " 
ammonium  thoroxalate  (already  mentioned  in  Exp.  1,  and  analysed  in 
Section  L),  and  it  may  be  said  that  the  solution  was  originally 
"supersaturated"  with  regard  to  this  compound,  this  unstable  equi- 
librium being  destroyed  only  after  a  considerable  length  of  time. 

The  results  of  the  experiments  may  be  seen  from  the  following 
comparative  arrangement ;  Col.  II  contains  the  molecular  quantities 
of  ammonium  oxalate  which  ai'e  necessary  in  order  to  keep,  in 
presence  of  the  molecular  quantities  of  water  given  in  Col.  Ill,  one 
molecule  of  ammonium  thoroxalate  in  solution.  This  is  represented  in 
Col.  I,  where  the  Roman  numbers  refer  to  the  molecular  ratios 
calculated  from  the  analytical  results. 


I. 

II. 

III. 

Th(C„04 

NH,)4. 

(NH4)A04. 

HjO. 

Ratio. 

Mol. 

Mols. 

Mols. 

]X 

] 

000 

7  (solid  salt) 

XI 

1 

0-u 

19 

VII 

1 

0-53 

45 

XVI 

1 

0-54 

67 

X 

1 

0-76 

80 

XXI 

1 

1-00 

956 

XXIII 

1 

1-00 

964 

XVIIl 

1 

1-00 

1378 

XIX 

1 

1-07 

5254 

XX 

1 

1-24 

1032 

XXII 

1 

1-29 

1057 

XV 

1 

l-£3 

1000 

XIV 

1 

1-59 

1028 
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The  numbers  of  Col.  II  are  not  proportional  to  the  dilution,  Col.  Ill, 
for  the  following  reasons. 

The  solution  in  XI  was  supersaturated  with  regard  to  the  salt 
Th(C204*NII^)^  +  7Il20 ;  the  solution  in  VII  appears  abnormal  for 
some  unknown  reason  ;  the  solution  in  XVI  was  the  most  con- 
centrated saturated  one.  The  solutions  in  XXI,  XXIII,  XVIII,  and 
XIX  have  not  yet  reached  a  state  of  equilibrium,  being  supersaturated 
with  regard  to  the  salt  Th2(C,204)5(NH^)2  +  THgO.  The  circumstance 
that  the  numbers  in  XX  and  XXII,  that  ia,  1'24  and  r29,  are  not 
identical  with  the  numbers  1"53  and  r59  obtained  in  XV  and  XIV 
at  the  same  dilution,  proves  that  it  is  not  the  same  whether  a  super- 
saturated solution  of  the  salt,  or  whether  the  solid  salt  itself,  is 
decomposed  by  water.  Probably  also,  in  the  last  cases,  the  equilibrium 
was  not  yet  reached,  that  is,  during  the  decomposition  of  the  solid  salt 
by  water — owing  to  the  impossibility  of  a  complete  action  of  all  the 
water  on  the  whole  of  the  salt — a  little  more  free  ammonium  oxalate 
was  formed  in  solution,  which  at  this  high  dilution  was  unable  to  dis- 
solve the  small  quantity  of  thorium  oxalate  still  required.  For  the 
same  reason,  the  factor  for  ammonium  oxalate,  1"53,  was  smaller  when 
the  water  acted  at  100°,  than  the  factor  1"59,  which  was  obtained  when 
the  action  of  water  proceeded  at  the  ordinary  temperature. 

It  should  be  added  that  in  the  Experiments  1,  2,  3,  A,  and  5  the 
single  phases  of  the  reaction  XII  follow  in  the  order  a,  h,  whereas  in 
Exp.  6,  the  order  is  c,  6,  «,  and  in  Experiments  7  and  8  the  order  is 
c,  b,  a,  h. 

As  regards  the  practical  side  of  the  question,  it  should  be  noted 
that  the  dilution  used  in  the  last  four  cases  indicated  in  the  table 
corresponds  with  1  part  of  ammonium  oxalate  in  38  parts  by  weight 
of  water. 

Another  practically  important  conclusion  may  be  drawn  from  the 
above  experiments. 

The  function  of  ammonium  oxalate  acting  on  thorium  oxalate  is  a 
double  one,  one  part  of  the  ammonium  oxalate  serving  to  convert 
thorium  oxalate  into  the  insoluble  compound  Th..2{C2^^^(^'S.^2'^ 
THgO,  If  we  start  with  one  molecular  proportion  of  thorium  oxalate, 
we  see  that  it  will  be  converted  into  ^[Th2(Co04)5(XH4)2  -f-  THgO],  for 
which  purpose  ^  mol.  of  ammonium  oxalate  will  be  used. 

Now,  on  taking  the  last  case  of  the  table,  that  is,  ratio  XIV,  as  a 
standard,  we  see  that,  in  order  to  obtain  a  stable  solution  of  one 
molecular  proportion  of  thorium  oxalate  [at  the  normal  dilution  of 
1  mol.  Th2(C204)2  and  1000  of  water]  3-59  of  ammonium  oxalate 
must  be  used.  From  these,  in  the  first  phase  of  the  reaction, 
0-5  mol.  is  used  for  the  formation  of  the  above  intermediate  solid 
compound,  ThclQ<f>^^{^^^^  +  1^.20,   and   by  the    further  action   of 
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the  remaining  3-09 mols,  the  system Th(C204'NH4)4  +  1-59(NH4)2C204  + 
lOOOHoO  is  reached,  which  is  represented  by  a  clear,  stable  solution 
{second  phase). 

A  different  state  of  things  will  take  place  if  the  same  quantity  of 
3'59  mols.  of  ammonium  oxalate  is  used  for  the  dissolution  of  more  than 
1  mol.  of  thorium  oxalate.  Every  2  mols.  of  thorium  oxalate  will 
require  1  mol.  of  ammonium  oxalate,  in  order  to  form  the  inter- 
mediate solid  compound,  Th2(C204)5(NHj).,,7H20  (f^rst  phase),  so 
that  the  quantity  of  ammonium  oxalate  remaining  for  the  completion 
of  the  second  phase  will  diminish  with  every  additional  molecule  of 
thorium  oxalate  present.  It  will  be,  with  2  mols.  of  thorium  oxalate, 
3*69— (0-5  X  2)  =  2  59,  and  the  amount  of  thorium  oxalate  (or,  more 
correctly,  of  the  intermediate  solid)  dissolved  will  be  :  3-09  : 1  = 
2"59  :  rr,  from  which  .r  =  0'83,  whereas  1-17  mols.  will  remain  in 
the  precipitate. 

Therefore,  on  using  the  constant  amount  of  359  mols.  of 
ammonium  oxalate,  and  varying  the  amount  of  thorium  oxalate,  a, 
from  1  to  7  mols.,  the  following  will  be  the  I'atio  between  the  mole- 
cular proportion  of  thorium  oxalate  dissolved,  b,  and  that  remaining 
in  the  insoluble  precipitate,  c. 

Mols.  of  Th(C204)2  +  6H20used(a):l      2         3         4       5        6        7 
Of    these  are    dissolved   mols.   (6) :  1   0-83  0-67    05  0-33  0-17  0-02 
Mols.   remaining  undissolved  ...(c) :  0   1-17  233    3*5  4-67  5-83  6*98 

On  increasing  the  amount  of  thorium  oxalate,  that  of  the  ammonium 
oxalate  remaining  constant,  the  absolute  quantity  of  thorium  oxalate 
passing  into  solution  diminishes  gradually. 

The  final  state,  given  under  7,  will,  of  course,  never  take  place, 
owing  to  the  fact  that  the  solid  compound,  Th2(C204)5(NH4)2-l- 7H2O, 
undergoes  a  hydrolytic  decomposition,  its  products  being,  according 
to  the  ratio  XII,  on  the  one  hand,  thorium  oxalate  and  ammonium 
oxalate  (phase  c),  and,  on  the  other,  soluble  ammonium  thoroxalate 
(phase  a) ;  this  decomposition  could  not  as  yet  be  investigated 
quantitatively. 

It  is,  moreover,  practically  important  to  know  the  quantity  of 
thorium  oxalate  dissolved  when  an  amount  of  2,  2|,  and  3  mols. 
of  ammonium  oxalate,  insufficient  for  complete  solution,  is  used  for 
1  mol.  of  the  former  at  the  normal  dilution.  The  result  is  the 
following. 

Ammonium   oxalate,  mols.             3             2^  2 

Thorium  oxalate,  mols 11  1 

Percentage  dissolved   80-9        70-1  48-5 

Percentage  insoluble    191        299  51-5 
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the  first  case  is  I'ealised  in  Experiments   7  and   8,  the  third  case  in 
Experiments  1  and  2. 

H. — Solubility    of  the    Tervalent  Rare  Earth  Oxalates  iri  Ammonium 

Oxalate. 

According  to  Bunsen  (lac.  cit.),  the  oxalates  of  the  earths  of  the 
cerium  and  yttrium  group  are  only  to  a  small  extent  dissolved  after 
boiling  with  ammonium  oxalate  and  water  and  subsequent  dilution 
with  water,  but  no  quantitative  experiments,  showing  what  amounts 
of  these  oxalates  pass  into  solution  under  such  conditions,  have 
hitherto  been  made. 

In  order  to  obtain  results  comparable  with  those  found  in  the  case 
of  thorium  oxalate,  the  oxalates  of  different  tervalent  rare  earths 
were  boiled  for  a  short  time  with  ammonium  oxalate  dissolved  in  a 
very  small  quantity  of  hot  water,  in  the  same  way  as  was  done  with 
thorium  oxalate ;  in  all  cases,  an  excess  of  insoluble  earth  oxalate  re- 
mained behind.  The  solution  was  then  diluted  with  water,  as  in  the 
experiments  with  thorium  oxalate,  so  that  1  part  of  ammonium  oxalate 
was  dissolved  in  38  parts  of  water. 

After  standing  for  3  days  at  20°,  the  clear,  filtered  solutions  were 
analysed  in  such  a  way  that  in  one  part,  for  the  sake  of  control,  the 
amount  of  ammonium  oxalate  dissolved  was  determined  volumetrically, 
whereas  the  principal  portion  of  the  solution  was  evaporated  to  dry- 
ness and  the  residue  calcined. 

As  the  amount  of  the  oxalate  of  the  earth  which  passes  into  solu- 
tion is  very  small,  the  ammonium  oxalate  was  purified  by  recrystal- 
lisation  from  hot  water,  and  the  slightly  acid  salt  obtained  was  again 
recrystallised  fi-om  hot  water  containing  some  free  ammonia ;  the  salt 
thus  obtained  left  only  0-01409  per  cent,  of  ash  (K,!N'a),  and  after 
subtracting  the  corresponding  amount  of  salt  from  the  residue  ob- 
tained on  calcination,  the  quantity  of  the  rare  earths  passing  into 
solution  was  obtained. 

The  experiments,  the  numerovis  details  of  which  it  would  be  unin- 
teresting to  describe,  were  made  with  the  oxalates  of  lanthanum, 
praseodymium,  neodymium,  cerium,  and  yttrium,  all  of  which  were 
most  carefully  purified  by  me.  The  yttrium  material  I  owe  to  the 
kindness  of  Prof.  Nilson.  In  the  following  table,  the  results  obtained 
are  compared  with  the  result  yielded  under  exactly  similar  conditions 
by  thorium,  and  the  arrangement  contains  the  quantities  in  grams  of 
earths  corresponding  with  the  different  oxalates  dissolved  by  1  gram 
of  ammonium  oxalate,  as  well  as  their  relative  values,  the  smallest 
quantity  obtained  in  the  case  of  the   most   positive  lanthanum  being 
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taken  as  a  unit.     One  gram  of  ammonium  oxalate,  dissolved  in  38 

grams  of  water,  dissolved 

Gram.     Relative  values. 

La203 =0-000233        =1 

PrgO., =0-000263        =M3 

Nd^Og =0-000335        =1-44 

Ce203 =0-000417        =1-80 

Y2O3 =0-002562      =10-99 

ThO. -0-620000  =  266300 

From  the  result  of  these  experiments,  the  following  conclusions  may 
be  drawn. 

1.  The  solubility  of  the  oxalates  of  the  earths  of  the  cerium  and 
yttrium  group  in  ammonium  oxalate  is  very  small  as  compared  with 
that  of  thorium  oxalate. 

2.  The  oxalate  of  lanthanum,  as  that  of  the  most  positive  or  basic 
of  all  the  known  rare  earths,  is  dissolved  to  the  smallest  extent, 
whereas  that  of  the  most  negative,  thorium,  is  very  easily  dissolved. 

3.  The  less  basic  character  of  the  yttrium  earths  is  clearly  shown 
as  compared  with  the  more  basic  cerite  earths.  In  accordance  with 
this,  a  mixture  of  the  oxalates  of  an  yttrium  and  gadolinium  material 
from  cerite  gave  the  numbers  0-00180  gram  =  7-8,  whereas  a  mixture 
of  the  oxalates  of  a  material  containing  erbium  and  holmium,  and  also 
obtained  from  cerite,  gave  0-00207  gram  =  8-9.  These  numbers  are 
intermediate  between  those  obtained  for  yttrium  oxalate  and  the 
oxalates  of  the  cerite  metals. 

4.  The  tendency  to  form  complex  oxalates  decreases  with  increasing 
basicity  of  the  rare  earths. 

It  may  be  that  the  consequent  application  of  the  method  described 
will  give  a  test  of  purity  or  individuality  of  the  rare  earths. 


I.  Solubility  of  the  Rare  Earth  Oxalates  in  Dilute  Sulphuric  Acid. 

It  is  known  that  the  oldest  method  for  the  separation  of  the  rare 
earths — introduced  by  Mosander — is  founded  on  the  fact  that,  on  pre- 
cipitating a  solution  of  a  mixture  of  earths  by  oxalic  acid,  it  is  generally 
the  oxalate  of  the  more  feeble  base  which  is  thrown  down  first,  and 
that  of  the  strongest  base  last.  As,  on  adding  oxalic  acid  solution  to 
that  of  a  neutral  salt  of  a  rare  earth  metal  (the  sulphate,  for  example), 
the  insoluble  oxalate  is  formed  and  the  mineral  acid  is  liberated,  the 
above  process  is  closely  connected  with  the  solubility  of  the  rare  earth 
oxalates  in  mineral  acids.  The  method  was  modified,  for  example,  in 
separating  lanthanum  from  old  didymium,  by  dissolving  a  mixture  of 
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the  oxalates  in  a  warm  mineral  acid,  and  producing  crystallisation  by 
cooling  ;  the  solution  contained  a  relatively  lai'ger  amount  of  the  more 
basic  lanthanum,  whilst  the  didymium  accumulated  in  the  insoluble 
portion. 

In  my  comparative  researches  on  the  rare  earth  oxalates,  I  tried  to 
obtain  numbers  expressing  relations  of  the  above  kind. 

For  this  purpose,  the  purest  oxalates  of  the  rare  earths  which  I 
could  prepare  were  treated  with  normal  sulphuric  acid  in  such  a  way 
that  as  much  oxalate  passed  into  the  solution  as  possible  (that  is,  the 
solution  was  "  saturated  "), and  yet  an  excess  of  undissolved  oxalate 
still  remained  in  the  insoluble  state  as  a  "  ground  substance."  The 
sulphuric  acid  was  repeatedly  shaken  with  the  oxalate  at  the  ordinary 
temperature  (about  20°),  and  the  solution  analysed. 

The  state  of  the  system  at  the  beginning  and  at  the  end  may  be 
expressed  by  the  following  reversible  reaction,  where  Pv.  represents  the 
tervalent  elements  Nd,  Pr,  Ce,  Y,  La, 

1^2(^204)3 +  3H,S0,  +  Aq     ^     R2(S04)3  +  3H2Co04  +  M' 

and  for  the  quadrivalent  thorium  we  have 

Th.2(C204)4  +  4H,SO,  +  Aq     —     E2(SO,)4  +  4H2CA  +  Aq. 

(To  make  the  results  comparable,  the  formula  of  thorium  oxalate  is 
written  so  as  to  contain  also  two  atoms  of  thorium.) 

The  reaction,  in  order  to  express  the  state  of  equilibrium,  may  be 
also  written  thus,  where  a;  =  3  or  4,  l>n,  and  R  =  Th,  Nd,  Pr,  Ce,  Y,  La 

^^■2{^2^ih  +  .-KHgSO^  +  Aq  =  1  -  n[R^^{C^O,):c]  +  nK^i^O,)^  + 
1  -  ^(^HaSOJ  +  n{xC.^B.p^)  +  Aq.* 

The  analysis  was  made  in  such  a  way  that  the  oxalic  acid  contained 
in  measured  volumes  of  the  clear  liquid  was  determined^  with  deci- 
normal  permanganate,  and  the  numbers  were  regarded  as  definite 
when  no  increase  in  the  solubility  could  be  found,  which  was  generally 
the  case  after  24  hours.  The  results  obtained  are  given  in  the  table 
on  p.  974. 

Col.  I  contains  the  formulae  of  the  oxalates  used,  regarded  as  anhy- 
drous, and  in  order  to  obtain  comparable  results,  each  molecule  is 
written  so  as  to  contain  the  same  quantity  of  2  atoms  of  the  earth 
element. 

Col.  Ila  contains  the  mean  values  of  the  volumes  of  permanganate 
reduced  to  strictly  decinormal,  and  in  b  the  relative  numbers,  the 
smallest  being  taken  as  a  unit. 

*  No  account  was  taken  of  the  circumstance  that,  in  such  a  solution,  inter- 
mediate products  as  oxalosulphates,  acid  sulphates  and  the  products  of  their  ionisa- 
tion  and  hydrolytic  decomposition  may  be  formed,  for  my  aim  was  only  to  obtain 
results  which  would  be  practically  applicable. 
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I. 

II. 

III. 

IV. 

c.c.    of    N/10   KMnO^ 

Grams  of  oxalates  de- 

n =  fraction  of  the  mole- 

Oxalate. 

used  for  100  c.c.  of  the 

composed  by  100  c.c. 

cule  of  the  oxalate 

solution. 

of  the  H2SO4  solution. 

decomposed. 

a.             b. 

a.                 h. 

1            a.               b. 

Th<,(C,04h  ••• 

1-644   =1 

0-018102   =1 

0-001644   =1 

Ndo(0A)3  - 

10-925   =6-6464 

0-10034     =5-5434 

0-010925   =6-6464 

Pr,(C204)3  - 

1.3-552  =8-2440 

0-1-2327     =6-8109 

0-013552   =8-244 

Ce,(C,0j3  - 

18-042  =  10-976 

0-16360     =9-0378 

0-018042  =  10-976 

yj(ao4)3  ... 

23-424  =  14-250 

0-17258     =9-5340 

0-023432  =  14-250 

La,(Co0,)3  ••■ 

28-426  =  17-534 

0-25606   =14-1455 

t     0-028426  =  17-534 

Col.  Ilia  contains  the  absolute  quantities  of  the  anhydrous 
oxalates  decomposed  by  100  c.c.  of  normal  sulphuric  acid,  and  b  the 
relative  numbers,  the  smallest  being  taken  as  a  unit. 

Col.  IVrt  contains  the  fractions  of  the  molecular  quantities  of  the 
oxalates  decomposed  by  3  or  4  molecules  of  sulphuric  acid.  The  mean- 
ing of  n  is  seen  from  the  last  equation ;  b  contains  the  relative 
numbers,  the  molecular  quantity  being  taken  as  a  unit. 

Another  series  of  experiments  -was  made  in  such  a  way  that  the 
eartli  oxalate,  taken  in  excess,  was  dissolved  in  normal  sulphui-ic  acid 
at  the  temperature  of  the  water  bath,  and  the  liquid  was  analysed 
after  cooling.  In  this  case,  very  variable  results  were  obt^iined,  even 
with  one  and  the  same  earth  oxalate,  owing  to  the  circumstance  that 
crystals  of  some  compound  separated  from  the  solution  with  great 
slowness,  so  that  the  solution  remained  for  a  long  time  "  supersaturated  " 
with  regard  to  that  crystalline  compound,  even  when  the  la.st  formed 
the  "ground  substance,"  and  was  shaken  with  the  liquid.  In  the 
case  of  lanthanum  and  yttrium,  beautifully  formed  crystals  were  de- 
posited, which  required  for  their  formation,  in  the  well  closed  vessel, 
more  than  one  year  and  a  half. 

In  order  to  decide  the  question  whether  the  crystals  consist  of  an 
oxalosulphate  or  of  an  oxalate,  both  compounds  were  analysed. 

a.  Lanthanum  compound,  0-28703  gi\am  gave  0-13657  gram 
La2C>3  =  47-58  per  cent.,  and  0-30105  gram  gave  0-09884  gram 
C203  =  33*06  per  cent. 

The  compound  has  the  formula  Lsi^iC^O^).^  +  lU^O. 

Found. 

47-58 

3306 

(19-36) 

100-00 


Calculated. 

La20,3  =  324-4    - 

48-67 

3C203  =  216-06  = 

32-42 

7H20  =  12611  = 

18-91 

666-57  100-00 
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Hitherto,  the  anhydrous  oxahxte  only  has  been  described  by  Holz- 
mann,  and  the  salt,  Lao(C„04)3  + QH^Oj  by  Czuduowicz  and  by  Cleve. 

h.  Yttrium  compound  :  0'06272  gram  gave  0-01922  gram  YgOy^ 
30-64  per  cent.,  and  0-05305  gram  gave  0-01511  gram  0203  =  28-49 
per  cent. 

The  formula  is  Y<^iG^O^^+  ITHgO.  Bahr  and  Bunsen  describe  the 
salt  ¥2(0204)3  +  3H20(9H20). 

The  above  analyses  prove  that  solid  oxalosulphates  are  not  formed 
under  the  conditions  obtaining  in  my  experiments,  and  it  may  be  safely 
concluded  that,  even  in  the  case  of  the  less  basic  earths  examined, 
oxalates  alone  form  the  "  ground  substance." 

Considering  the  numbers  contained  in  the  above  tabular  arrange- 
ment, from  the  theoretical  point  of  view,  it  should  be  remembered 
that,  although  the  present  would  seem  to  be  only  a  reversed  case 
of  the  well-known  experiments  of  Ostwald,  who  determined  the  affinity 
of  different  acids  from  the  quantity  of  calcium  oxalate  decomposed  by 
them,  yet  they  do  not  even  qualitatively  express  the  relative  affinities 
of  the  bases  (rai-e  earths)  investigated,  and  they  can,  therefore,  still 
less  be  applied  for  the  quantitative  determination  of  their  relative 
affinities. 

Twenty  years  ago,  yttrium  was  considered  by  Nilson  to  be  the  most 
positive  of  all  rare  earth  metals,  because  it  forms  the  most  neutral 
chloroplatinate,  4YOl3,5PtCl4-|-51H20,  whereas  the  other  earth  metals 
form  salts  of  the  type  2ROl3,2PtCl4  +  a;H20.  At  the  present  time, 
lanthanum  is  generally  considered  to  be  the  most  positive  earth  metal, 
but  it  is  remarkable  that  yttrivim  approaches  lanthanum  most  closely 
in  the  above  table.  On  considering,  however,  the  behaviour  of  the 
salt  solutions  of  the  rare  eai'th  metals  towards  ammonia,  we  find  that 
yttria  is  precipitated  before  the  tervalent  cerite  metals,  that  is,  it 
appears  moi'e  negative  or  less  basic.  The  same  is  the  case  when  the 
stability  of  the  rare  earth  nitrates,  that  is,  their  property  of  being 
more  or  less  easily  decomposed  at  a  higher  temperature,  is  considered. 

It  should  be  also  remarked  that  the  solubility  of  the  earth  oxalates  in 
aqueous  ammonium  oxalate,  which  might  be  regarded  as  a  function  of 
the  basicity  of  the  earth,  gives  a  different  order  of  the  series  from  the 
solubility  in  aqueous  sulphuric  acid. 

Solubility  in 

(NH)2020,-|-Aq  :  La   Pr   Nd   Oe   Y     Th 
H2S04-|-Aq  :La    Y    Oe    Pr    Nd  Th. 

The  easy  solubility  of  yttrium  oxalate  in  mineral  acids  explains  an 
interesting  fact.  On  fractionally  precipitating,  with  oxalic  acid,  a  solu- 
tion of  lanthanum  and  old  didymium  containing  yttrium,  the  yttrium 
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will  undoubtedly  follow  lanthanum.  The  numbers  found  by  some 
authors  as  the  atomic  weight  of  lanthanum,  La  =  133 — 135  (instead  of 
La  =  138'2)  are  explained  by  the  presence  of  yttrium  (Y  =  89). 

The  following  practical  experience  is  gained  from  the  above  ex- 
periments. 

1. — Thorium  is  distinguished  from  the  tervalent  earth  metals  by 
the  considerably  smaller  solubility  of  its  oxalate  in  mineral  acids. 
A  simple  method  of  purifying  thorium  from  foreign  eai'th  metals  may 
be  founded  upon  this  property,  which  consists  in  the  precipitation  of  a 
hot  strongly  acid  thorium  solution  by  the  gradual  addition  of  oxalic 
acid.     The  process  is  fully  described  in  Section  0  (p.  983). 

2. — It  is  known  that  it  is  impossible  to  prepare  pure  yttrium  com- 
pounds containing  no  neodymium  by  removing  the  latter  in  the  form  of 
a  double  sulphate  with  potassium,  for  neodymium-potassium  sulphate  is 
not  totally  insoluble  in  potassium  sulphate  in  the  presence  of  yttrium. 
A  method  of  separating  the  two  earth  metals  may  be  founded  on  the 
difference  in  the  solubility  of  their  oxalates  in  sulphuric  acid.  Indeed, 
I  found  that  it  is  easy  to  remove  the  last  portions  of  neodymium  from 
yttrium  preparations  by  fractional  precipitation  with  oxalic  acid. 

3. — It  is  further  seen,  from  the  above  table,  that  it  would  not  be 
practicable  to  separate  yttrium  from  cerium  by  means  of  oxalic  acid. 

The  individual  members  of  the  group  of  the  rare  earths  resemble 
each  other  far  more  closely  in  their  chemical  properties  than  is  the 
case  with  other  groups  of  elements.  Direct  methods  of  separation  are 
founded  only  upon  a  few  reactions  by  which  the  quadrivalent  cerium 
and  thorium  differ  from  the  rest  of  the  tervalent  earth  metals, 
whereas  there  is  not  a  single  direct  method  by  which  the  individual 
members  of  the  tervalent  earth  group  can  be  separated  from  each 
other.  Even  the  well  known  "  potassium  sulphate  method  "  cannot 
be  regarded  as  a  direct  one,  for,  since  the  discovery  of  samarium,  gado- 
linium, terbium,  dysprosium,  holmium,  and  other  earths,  forming  the 
transition  from  the  cerite  group  to  the  gadolinite  group  of  earths,  a 
sharp  sepai'ation  of  these  two  groups  from  each  other  has  become 
illusory. 

The  tervalent  earths  are  distinguished  from  each  other  by  a 
difference  in  basicity,  by  the  formation  of  higher  oxides,  as  I  have 
shown  in  1881,  further  by  their  atomic  weights,  their  emission  and 
absorption  spectra,  and  by  a  series  of  physical  properties. 

A  field  is  open  to  younger  chemists  to  discover  new  numerical  rela- 
tions like  the  above,  which  would  not  only  characterise  the  individual 
earths,  but  might  also  be  useful  for  effecting  their  separation,  in 
default  of  direct  methods. 
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K. — Action  of  Acids  on  Ammonium  Thoroxalate.     Semi- Acid  Thorium 

Oxalate. 

On  mixing  an  acid  with  an  aqneoiis  solution  of  ammonium  thor- 
oxalate containing  the  amount  of  ammonium  oxalate  necessaiy  to 
keep  the  complex  salt  in  solution,  precipitates  are  obtained  differing 
in  character  according  to  the  conditions.  For  example,  on  pouring 
such  a  solution  into  hot  water  containing  nitric  acid,  a  colloidal  pre- 
cipitate is  obtained  which  cannot  be  separated  by  filtration,  whereas 
if  the  acid  be  poured  into  the  thorium  solution,  either  amorphous  or 
crystalline  precipitates  are  formed. 

It  was  found  that  the  best  results  were  obtained  with  oxalic  acid. 
On  adding  an  aqueous  (10  per  cent.)  solution  of  this  acid  to  a  solution 
of  ammonium  thoroxalate  in  aqueous  ammonium  oxalate,  a  micro- 
crystalline,  white  precipitate  was  formed  which  could  be  collected 
readily.  It  was  washed  first  with  dilute  aqueous  oxalic  acid,  then 
with  water  and  alcohol,  and  dried  in  the  air,  well  covered.  The 
analysis  gave  the  following  result. 

0-1933  gram  gave,  on  calcination,  0*0947  gram  ThO.,  =  48-99  per  cent. 
0-2855      „    was  titrated  with  permanganate,  and  yielded  0*09647 
gram  0.-P^=  33-44  per  cent. 

A  salt  from  another  different  preparation  was  dried  at  50°. 
0-45953  gram  gave  0-22625  gram  Th02  =  49-23  per  cent. 
0-51867      „        „     0-17326      „     0203  =  33-40 
0-42232      „        „     0-14114      „     0203  =  33*42 

The  salt  is  a  semi-acid  thorivim  oxalate  of  the  formula  2Th02,5C203-f- 
IOH2O  or  2Th(C204)2,H2C204  +  9H20  or  Th2H2(aA)5  +  9^20. 

Calculated.  Found. 


2Th02  =  528-90  =  49-47 

48-99 

49-23 

5C2O3  =  360*10  =  33*68 

33*44 

33*40 

10H2O=  180*16  =  16*85 

— 

— 

33*42 


1069*16  100*00 

While  the  present  experiments  were  in  progress,  it  was  stated  by 
Glaser  {Zeit.  anal.  Ckem.,  1897,  36,  213)  that  on  adding  mineral  acids 
in  excess  to  a  solution  of  thorium  oxalate  in  ammonium  oxalate,  the 
acid  salt,  ThH2(C20^)3  +  2H2O,  is  formed.  Five  months  after  the 
existence  of  the  salt,  Th2H2(C20^)5  +  OHgO,  was  announced  by  me  at 
the  meeting  of  the  British  Association  at  Toronto  (August,  1897), 
Glaser  {Zeit.  anal.  Chem.,  1898,  37,  25)  stated  that  his  acid  salt  had 
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not  the  formula  originally  given  to  it,  but  he  had  found  that  a  prepara- 
tion obtained  with  hydrochloric  acid  (and  analysed  by  an  approximate 
method  only)  had  one  of  the  two  formulae  : 

Th,H,(CA)i2  +  25H20    or    Th,-H,{C,0,),  +  m,0. 

It  will  be  seen  from  the  following  experiments  that  both  formulae 
are  without  foundation,  and  the  approximate  agreement  of  the  results 
obtained  by  Glaser  seems  to  be  due  merely  to  chance. 

Hoping  to  obtain  a  still  more  acid  salt  than  the  above,  a  method  of 
preparation  and  of  analysis  of  the  salt  was  used  in  which  filtration 
and  washing  was  entirely  excluded.  For  this  purpose,  a  solution  of 
ammonium  thoroxalate  and  ammonium  oxalate,  in  water  containing  a 
known  amount  of  thorium  dioxide  and  of  the  oxalic  acid  radicle,  C0O3, 
was  decomposed  by  diif  erent  acids,  and  the  clear  solution,  left  after  the 
thoi'ium  present  had  been  completely  separated  in  the  form  of  a  pre- 
cipitate, was  analysed.  By  this  indirect  method,  the  proportion  of 
thorium  dioxide  and  "oxalic  acid"  in  the  precipitate  was  determined. 

Uxp.  9.  10*2708  grams  of  a  solution  containing,  according  to  Exp.  7 
in  Section  G,  in  1.00  parts  1-3638  parts  of  ThO^,  and  1-945  parts  of 
C^Og  was  mixed  with  8-5  c.c.  of  normal  sulphuric  acid  at  the  ordinary 
temperature  and  the  solution  made  up  to  105  c.c.  In  the  solution 
above  the  insoluble  precipitate,  1-177  per  cent.  CgOg  was  found,  so  that 
the  precipitate  must  contain  0-768  part  C.^Oo  combined  with  1-3638 
parts  ThO^,.  On  dividing  1-3638  ThOg  and  0-768  C.p^  by  the  respective 
molecular  weights,  and  taking  the  number  obtained  for  ThOgasa  unit, 
the  following  molecular  ratio  of  the  ingredients  in  the  precipitate  is 
obtained. 

lThO,:2077CA. 

Exp.  10.  10-2673  grams  of  the  solution  used  in  Exp.  9  was  mixed 
with  50  c.c.  of  normal  sulphuric  acid  at  the  ordinary  temperature,  and 
the  solution  made  up  to  100  c.c.  with  water.  The  analysis  of  the 
clear  solution  gave  C.,03=  1-216  and  1*204  per  cent.  The  pi'ecipitate 
contains  therefore  1-364  parts  ThO.,  combined  with  0-729  and  0*742 
parts  C^O.,,  from  which  the  following  molecular  ratio  of  the  con- 
stituents of  the  precipitate  is  calculated. 

lTh02:l-96  and  2*00C2O3. 

Exp.  11.  10*2652  grams  of  another  solution  containing,  according  to 
Exp.  8,  Section  G,  in  100  parts  1-3320  parts  ThO.,,  and  1-9181  parts 
C^  was  decomposed,  at  a  boiling  temperature,  with  10  c.c.  of  normal 
sulphuric  acid,  after  which  water  was  added  to  make  the  whole 
100  c.c.  The  analysis  of  the  clear  solution  gave  CJJ.^  =  1-0721  per  cent., 
80  that  the  precipitate  contain.s,  for  1-3320  parts  of  ThOo,  0846  part  of 
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CgOg.    From  this  it  follows  that  the  molecular  ratio  of  the  constituents 
of  the  precipitate  is, 

IThO.ta-SSC^Oy 

From  this  series  of  experiments,  it  follows  that,  on  decomposing  a 
solution  of  thorium  oxalate  (or  ammonium  thoroxalate)  in  aqueous 
ammonium  oxalate  with  a  mineral  acid,  either  the  ordinary  thorium 
oxalate  is  precipitated  (mol.  ratio  IThOg  :  2C2O3  as  in  Exp.  10)  or  a 
mixture  of  the  ordinary  oxalate  with  the  semi-acid  oxalate,  in 
variable  proportions  (mol,  ratio  IThO^ :  2-08C.,O3  as  in  Exp.  9,  or 
IThOo  :  2-33Co03  as  in  Exp.  11).  This  last  experiment  most  nearly 
approaches  the  conditions  of  Glaser's  experiments,  and  so  it  is  not  sur- 
prising that  Glaser's  numbers  agree  pretty  closely  with  those  calculated 
for  an  imaginary  compound,  Th^H^(C.^O^)i.,  +  25H2O,  requiring  a 
molecular  ratio  IThO. :  2-4a03- 

On  the  other  hand,  the  formation  of  the  "  semi-acid  "  thorium  oxalate 
could  be  observed  only  on  decomposing  the  above  thorium  solution 
with  oxalic  acid,  for,  although,  on  adding  a  mineral  acid  to  a  solution 
containing  ammonium  oxalate,  oxalic  acid  is  at  first  set  free,  the 
"semi-acid"  oxalate  formed  undoubtedly  undergoes  a  more  or  less  com- 
plete decomposition  into  ordinary  thorium  oxalate  as  soon  as  the 
free  mineral  acid  is  in  excess.  This  decomposition  is  complete  at  the 
ordinai-y  temperature,  a  finely  divided  precipitate  being  formed,  but 
only  partial  at  a  higher  temperature,  when  the  precipitate  is  of  a 
coarser  nature. 

An  additional  detailed  experiment  proves  the  correctness  of  the 
method  used  and  of  the  conclusions  drawn. 

Ex}).  12.  10'2459  grams  of  the  same  solution  as  that  used  in  Exp.  11 
was  mixed,  at  a  boiling  temperature,  with  a  solution  of  30  c.c.  of  oxalic 
acid,  15  c.c.  of  which  required  74*19  c.c.  of  decinormal  permanganate 
for  oxidation,  and  the  solution  was  made  up  to  100  c.c.  with  water  ; 
a  crystalline  precipitate  was  formed,  and  50  c.c.  of  the  clear  solution 
required  88'74  c.c.  of  decinormal  permanganate  for  oxidation.  After 
subtracting  from  this  number  the  amount  of  permanganate  used  for 
the  15  c.c,  (that  is,  30  :  2)  of  oxalic  acid  added,  thus  88-74  -  74-19  = 
14-55  c.c,  a  number  was  obtained  which,  when  multiplied  by  2, 
— -  29-10  c.c.  represents  the  oxalic  acid  set  free  from  the  thorium  solution 
and  existing  in  100  c.c,  of  the  solution.  This  makes  CoOo  =  1*0196 
parts  in  solution,  and  1-9181  -  1-0196  =  0*8985  parts  C0O3  in  the  precipi- 
tate combined  with  1  3320  parts  ThO,,.  The  molecular  x-atio,  is  therefore, 

IThO^ :  2 -480203*   or  2Th02 :  5C2O3, 

*  The  number  found  in  this  way  is  always  slightly  less  than  the  truth,  because 
in  this  method  of  analysis  the  unknown  volume  of  the  precipitate  is  neglected,  so 
that  the  volume  of  the  solution  is  in  reality  less  than  100  c.c. 
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This  ratio,  found  by  my  method  of  indirect  analysis,  completely 
agrees  with  that  found  by  the  direct  analysis  of  the  "  semi-acid  "  salt, 

This  salt  is  probably  an  acid  thoroxalate  of  thorium,  but  a  normal 
acid  oxalate  of  thorium  cannot  be  obtained  by  the  above  method. 

L. — A  New  Thoroxalate  of  TJiorium  and  Ammonium. 

In  Chapter  G,  dealing  with  the  hydrolytic  decomposition  of  normal 
ammonium  thoroxalate.  Experiment  8  was  described,  in  which  29  324 
grams  of  pure  thorium  oxalate  (1  mol.)  was  dissolved  in  24*55  grams 
(3  mols.)  of  ammonium  oxalate  and  about  900  c.c.  of  water.  The  clear 
liquid  became  turbid  after  a  few  days,  and  after  several  months  the 
white,  colloidal  precipitate  which  formed  was  converted  into  a  crystal- 
line one  ;  after  standing  for  15  months,  the  crystalline  precipitate  was 
collected  on  a  small  filter  and  washed  three  times  very  quickly  with 
small  quantities  of  water,  as  it  was  observed  that  more  thorough  wash- 
ing would  induce  a  decomposition  resulting  in  the  formation  of  a  milky 
solution  of  colloidal  thorium  oxalate.  The  precipitate,  after  being 
dried  at  30°,  weighed  5-65  grams;  it  consisted  of  white,  soft,  smooth 
fibres  of  a  silky  lustre,  and  microscopic  examination  proved  that  it 
consists  of  needle-shaped  crystals  and  plates,  probably  monoclinic. 

On  heating  in  a  closed  platinum  crucible,  the  substance  was  found 
to  give  off,  like  the  normal  ammonium  thoroxalate,  considerable  quan- 
tities of  cyanogen,  and  at  the  same  time  paracyanogen  was  formed. 
At  a  higher  temperature,  pure  white  thorium  dioxide  was  left. 

The  analysis  gave  the  following  results. 

1-0914  grams,  heated  over  the  blast,  left  0-5399  gram  Th02  =  49-47 
per  cent. 

0-5428  gram  yielded  (with  permanganate)  0*18274  gram  C.Pg  =  33-67 
per  cent. 

0-6247  gram,  on  distilation  with  potash,  gave  002755  gram  (NHj)20 
=  4-41  per  cent. 

The  molecular  quotients  are  IThO^ :  2-50C2O3  :  0-5(NH^).,O,  and  the 
salt  has  the  formula,  2Th(C.,0,).,  4- (NH,).A04  +  7H.,0,  or  ' 
Th,(C20,)'5(NH,),-f7H,0. 

Calculated.  Found. 

2ThO,  =528-90  =  49-56^  49-47 

5C2O3'. ......  =360-10  =  33-74  33-67 

(NH^),0  ...    =52-14    =4-88  4-41 

7H2O  " =  12611  =  11-82  (12-05) 

1067-25  100-00  100-00 
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This  salt  appears  to  be  the  ammonium  derivative  of  the  "  semi- 
acid  "  thorium  oxalate  described  in  the  previous  chapter  (which  gives 
no  cyanogen  on  heating),  and  whereas  the  acid  salt  may  be  regarded 
as  an  acid  thoroxalate  of  thorium,  the  salt  just  described  would  contain 
ammonium  in  place  of  the  two  hydrogen  atoms  of  the  former. 

0— CO— CO— O.  .0— CO— CO— O^ 

0-CO— CO— OOn^t.,        rp.^O— CO— CO— O^rp. 
0— CO— CO— 0-^  Xr-.O- CO— CO— 0--^ 


0— CO    CO— 0  \0— CO    CO— o^ 

HO— CO     CO— OH  NH4O— CO    CO— ONH4 


M. — Action  of  Citric  Acid  on  the  Acid  Thorium  Oxalate  and  on  other 
Rare  Earth  Oxalates. 

On  heating  acid  thorium  oxalate  with  concentrated  nitric  acid  on 
a  water  bath,  the  oxalic  acid  which  makes  this  compound  acid  (in 
comparison  with  the  ordinary  thorium  oxalate)  is  first  of  all  oxidised. 
At  the  same  time,  the  normal  thorium  oxalate  formed  is  converted 
into  a  heavy,  crystalline,  sandy  precipitate,  which  resists  fairly  well 
the  action  of  nitric  acid  at  100°.  If  it  is  desired  to  convert  this 
oxalate  into  the  soluble  nitrate  by  oxidation,  the  salt  must  be  boiled 
with  concentrated  nitric  acid  for  a  considerable  length  of  time,  as  the 
oxidation  proceeds  but  slowly  ;  finally,  however,  a  clear  solution  of 
thorium  nitrate  is  obtained.* 

On  performing  the  same  experiment  with  the  oxalate  of  a  tervalent 
earth  metal  like  lanthanum  or  cerium,  it  is  observed  that  the  heat  of 
the  water  bath  is  sufficient  for  a  comparatively  quick  oxidation  and 
solution  of  these  oxalates.  Oxalates  of  the  yttrium  earths  may  also  be 
converted  into  nitrates  in  the  same  way,  although  somewhat  more 
slowly. 

This  behaviour  permits  of  the  following  general  conclusion  being 
drawn. 

The  oxalates  of  the  rare  earths  are  the  more  easily  oxidised  by 
nitric  acid,  the  greater  their  basicity,  or  the  property  of  the  oxalates 
of  being  oxidised  by  nitric  acid  decreases  with  the  decreasing  basicity 
of  the  earth  (including  thorium). 

i  Upon  this  behaviour,  a  method  of  purification  of  thorium  from  other 
rare  eai'ths  may  be  founded. 

To  a  solution  of  crude  thorium  oxalate  in  ammonium  oxalate,  which 
still  contains  a  small  quantity  of  the  tervalent  earths,  concentrated 
nitric  acid  is  added  gradually ;  at  first  a  colloidal   precipitate  is  pro- 

*  This  fact  is  new,  and  proves  that  the  ordinary  statement,  "thorium  oxalate 
is  insoluble  iu  nitric  acid,"  is  incorrect. 
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duced,  but  ou  heating  the  mixture  on  a  water  bath,  the  oxalates  of 
the  tervalent  rare  earths,  principally  lanthana  and  ceria,  contained  in 
the  precipitate  are  first  attacked  by  the  nitric  acid,  whereas  the 
thorium  compound  is  converted  into  the  crystalline  oxalate,  which  is 
almost  insoluble  in  nitric  acid  under  these  conditions. 

N. — Attempts  to  separate  Thorium  from  other  Rare  Earths  quantitatively. 

The  first  object  of  the  experiments  described  in  the  present  paper 
was  to  find  a  method  for  the  preparation  of  pure  thorium  compounds. 
At  the  same  time,  some  experiments  were  started  in  order  to  see 
whether  the  differences  between  the  solubilities  of  thorium  oxalate 
and  of  the  other  earth  oxalates  in  ammonium  oxalate,  which  were 
studied  from  a  quantitative  point  of  view,  could  be  applied  to  their 
quantitative  separation. 

My  experiments  were,  however,  given  up  when,  at  the  end  of  1897, 
the  work  of  Hintz  and  Weber  (Zeit.  anal.  Chem.,  36,  682)  was 
published,  in  which  experiments  of  a  similar  kind  were  described. 

Exp.  13.  2*1372  grams  of  pure  thorium  oxalate  containing 
ri094  grams  ThOg  (1  mol.)  was  dissolved  in  1-7893  grams  of 
ammonium  oxalate  (3  mols.)  and  a  small  quantity  of  water.  The 
clear  solution  was  boiled  with  0"4239  gram  of  lanthanum  oxalate 
containing  0"19784  gram  LagO.^,  and  then  made  up  to  75  c.c.  with 
water.  This  gave  a  milky,  turbid  solution  which  could  be  filtered 
only  with  the  greatest  difiiculty,  and  had  to  be  poured  many  times 
through  the  filter  in  order  to  collect  the  insoluble  residue ;  the  latter, 
on  calcination  in  a  crucible,  gave  0'3672  gram  of  oxides,  instead  of 
0"1978  gram  La203.  This  incomplete  separation  is  due  to  the  fact 
that  3  mols.  of  ammonium  oxalate  are  insutficient  to  keep  1  mol.  of 
thorium  oxalate  in  solution,  the  presence  of  lanthanum  oxalate  pro- 
ducing at  once  what  takes  place  only  after  a  long  time  when  the 
thorium  oxalate  is  pure,  about  19  per  cent,  of  the  thorium  originally 
dissolved  coming  down  with  the  precipitate. 

Exp.  14.  0"5614  gram  of  highly  purified  thorium  oxalate 
containing  0*2914  gram  ThOg,  and  0*4496  gram  of  lanthanum  oxalate 
containing  0*2288  gram  of  La203  were  boiled  with  0*627  gram  of 
ammonium  oxalate  (4  mols.)  and  a  small  quantity  of  water,  and  then 
diluted  with  much  water  and  weighed.  As  the  liquid  could  not  be 
separated  from  the  precipitate  by  filtration,  weighed  quantities  of  the 
clear  solution  were  used  for  the  determination  of  the  quantity  of 
the  earth  dissolved.  This  was  found  to  bo  0*20104  gram,  whereas 
the  weight  of  ThO^  taken  was  0*2914  gram,  showing  that  00906 gram 
of  thorium  remained  in  the  insoluble  portion.  The  0*20104  gram  of 
earth  dissolved  still  contained  a  small  quantity  of  lanthanum. 


RESEARCH    ON    THE   OXALATES    OF   THE   RARE   EARTH.       983 

This  result  confirms  that  obtained  by  Hintz  and  Weber,  namely,  that 
it  is  impossible  to  separate  thorium  from  a  cerite  metal  quantitatively 
by  one  treatment  with  ammonium  oxalate  ;  for  in  the  presence  of  the 
oxalate  of  a  tervalent  earth  a  smaller  quantity  of  thorium  oxalate  is 
dissolved  than  passes  infco  solution  when  thorium  oxalate  alone  is 
treated  with  the  same  quantity  of  ammonium  oxalate.  It  seems  that 
during  this  reaction  insoluble  thoroxalates  of  tervalent  rare  earths 
are  formed. 


O. — On  the  Preparation  of  Pure  Thormin  Comjwunds. 

Principles  of  the  Method. — The  study  of  the  propei'ties  of  thorium 
compounds,  in  comparison  with  those  of  the  tervalent  earths,  have 
enabled  me  to  work  out  a  process  for  preparing  pure  thorium  com- 
pounds. This  consists  in  a  combined  application  of  the  following 
reactions,  which  were  studied  from  a  quantitative  point  of  view. 

1.  Thorium  oxalate  is  remarkably  less  soluble  in  acids  than  the 
oxalates  of  the  tervalent  I'are  earths  (Section  I). 

2.  Thorium  oxalate  is  far  more  soluble  in  ammonium  oxalate  than 
the  tervalent  earth  oxalates,  and  1  mol.  of  the  former  is  kept  in 
solution  by  3  "5 9  mols.  of  ammonivim  oxalate,  even  at  a  considerable 
dilution,  a  complex  salt,  ammonium  thoroxalate,  being  formed.  The 
solubility  of  tervalent  earth  oxalates  in  ammonium  oxalate  is  many 
hundred  times  smaller  (Section  H). 

3.  A  solution  of  ammonium  thoroxalate  in  ammonium  oxalate,  on 
being  decomposed  with  mineral  acids,  yields  a  colloidal  precipitate 
containing  variable  quantities  of  normal  thorium  oxalate  and  semi- 
acid  thorium  oxalate  (Section  K). 

4.  On  treating  the  precipitate  obtained  as  in  3  with  nitric  acid 
at  100°,  it  is  converted  into  the  coarsely  crystalline  thorium  oxalate, 
whereas  the  oxalates  of  the  tervalent  rare  earths  are,  for  the  most 
part,  oxidised,  and  pass  into  solution  (Section  M). 

Description  of  the  Process. — The  solution  of  a  crude  thorium  prepara- 
tion is  strongly  acidified  with  nitric  acid,  and,  while  it  is  heated  to 
boiling,  a  solution  of  oxalic  acid  is  added  drop  by  drop,  stirring  con- 
tinuously. When  the  liquid  has  become  clear,  and  the  further  addition 
of  a  few  drops  of  oxalic  acid  does  not  produce  any  change  (the  solution 
will  still  be  precipitated  by  larger  quantities  of  oxalic  acid,  but  if  we 
stop  at  the  moment  described,  the  quantity  of  foi-eign  earths  carried 
down  will  be  very  small),  the  hot  solution  is  at  once  poured  off  and  the 
precipitate  is  collected  on  a  perforated  platinum  plate  covered  with  a 
round  filter  with  a  diameter  larger  by  about  2  mm.  than  the  plate,  and 
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washed  first  with  warm  water  containing  a  little  nitric  acid,  and  finally 
with  very  dilute  cold  aqueous  oxalic  acid.  In  this  way,  all  the  zir- 
conium and  the  greater  part  of  the  tervalent  earths  are  removed.  It 
will  subsequently  be  seen,  from  my  paper  "  On  the  Atomic  Weight  of 
Thorium,"  that  thorium  preparations  of  very  high  purity  may  be 
obtained  by  the  application  of  this  process  alone. 

The  composition  of  the  air-dried  thorium  oxalate  corresponds  with 
the  formula  Th(C.,04)2+  GHgO,*  and  1  part  of  it  (1  mol.),  is  treated  at 
100°  with  2  parts  of  water  and  0'96  part  of  ammonium  oxalate  (3^ 
mols.).  If  the  thorium  oxalate  is  dried  at  a  higher  temperature,  then 
for  every  one  part  of  thorium  dioxide  contained  in  it  (as  determined 
by  calcination)  1  "SS  parts  of  ammonium  oxalate  and  4 — 5  parts  of  water 
are  used.  After  heating  for  some  length  of  time  at  100°,  a  consider- 
able quantity  of  water  is  added  (about  40  times  that  of  the  am- 
monium oxalate  taken),  and  the  mixture  is  allowed  to  stand  in 
high  vessels  for  some  time  in  order  to  clear  ;  the  clear  liquid  is  then 
syphoned  off,  as  it  is  not  always  possible  to  separate  it  from  the  pre- 
cipitate by  filtration.  The  precipitate  may  be  worked  up  with  other 
less  pure  portions. 

After  the  solution  of  ammonium  thoroxalate  has  been  considerably 
concentrated  by  boiling  down,  it  is  heated  on  a  water  bath  and  nitric 
acid  is  gradually  added  ;  a  colloidal  precipitate  is  first  formed,  and  this 
is  partially  oxidised  and  dissolved,  the  oxidation  of  the  single  consti- 
tuents of  this  mixture  of  oxalic  acid  and  thorium  oxalate,  being  accom- 
panied by  evolution  of  nitrous  fumes  and  carbon  dioxide.  The 
process  is  at  an  end  as  soon  as  the  evolution  of  gas  bubbles  has  nearly 
ceased  and  the  thorium  oxalate  is  deposited  as  a  heavy,  crystalline, 
sandy  powder. 

The  thorium  oxalate  obtained  is  this  way  is  very  pure  and  may  be 
collected  and  washed  in  the  manner  already  described. 

In  order  to  convert  this  oxalate  into  pure  thorium  nitrate,  it  is 
boiled  in  a  covered  platinum  dish  with  an  excess  of  concentrated  nitiic 
acid  until  a  clear  solution  is  obtained  from  which  no  red  fumes  escape 
on  boiling ;  the  greater  portion  of  the  nitric  acid  is  then  removed  by 

*  Numerous  analyses  of  the  air-dried  thorium  oxalate  gave  results  agi-eeing  with 

the  formula  Th(C204)2  +  CH20. 

Calculated.  Found. 


Th02= 264 -45  =  51-19  51-09 

2CoOs  =  144-04  =  27-88  27-78 

6HoO  =  108-10  =  20-93  21-13 

516-59  100-00  100-00 

Hitherto  only  the  dihydrate,  Th(C204)2+2H20,  obtained  on  drying  the  salt  at  100°, 
was  known. 
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evaporation  at  100°,  and  subsequently  at  about  80°,  until  crystals 
begin  to  deposit  from  the  still  strongly  acid  solution.  The  liquid  is 
then  allowed  to  remain  at  the  oi'dinary  temperature,  when  almost  the 
whole  is  converted  into  large,  colourless,  transparent  crystals  of  the 
nitrate,  leaving  only  a  small  quantity  of  an  acid  mother  liquor.* 

After  removing  the  mother  liquor  by  suction  and  pressure  between 
smooth  filter  paper,  crystals  of  a  pentahydrated  nitrate,  which  has  not 
yet  been  described,  are  obtained.  This  salt  is  not  hygroscopic  in  air  of 
ordinary  humidity,  and  does  not  lose  water  on  standing  over  phosphorus 
pentoxide. 

1'1824  gram,  after  heating,  finally  over  the  blast,  gave  0'59075  gram 
Tli02  =  46-41  percent. 

1'1248  gram  gave  0  52145  gram  ThO^,  =  46-36  per  cent. 

The  formula  of  the  salt  is  Th(N03)^  + SHgO.  Calculated  Th02  = 
46-34  per  cent. 

The  purity  of  the  thorium  compounds  obtained  by  the  use  of  the 
method  described  in  this  Section  was  tested  and  confirmed  as  follows. 

1.  By  the  study  of  the  spark  spectrum  of  the  chloride,  which  shows 
how  difficult  it  is  to  remove  from  thorium  the  last  traces  of  foreign 
substances. 

2.  By  the  feeble  incandescence  of  the  thoria  prepared  from  the  oxide 
or  the  nitrate.  This  test  is  modern,  but  not  absolutely  conclusive 
without  exact  photometric  measurements,  for  even  impure  thoria  may 
exhibit  but  feeble  incandescence  (Compare  Hintz,  Zeit.  anal.  Chem., 
1898,  37,  111  and  504). 

S.  By  the  determination  of  the  atomic  weight. 

The  points  1  and  3  will  form  the  subject  of  a  separate  publication,  and 
it  may  here  be  noted  that  the  most  highly  purified  preparations  give, 
for  the  atomic  weight  of  thorium,  the  number  Th  =  232-43  (0=16), 
which  is  identical  with  that  obtained  by  Krliss  and  Nilson  {Ber., 
1887,  20,  1675) 

*  This  method  gives  a  purer  compound  than  that  technically  applied,  boiling 
the  thorium  oxalate  with  soda,  and  dissolving  the  washed  hydroxide  in  nitric  acid, 
for  a  nitrate  prepared  in  this  way  is  never  free  from  alkali  metal. 
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XC\'lll. — Studies  of  the  Terpenes  and  Allied  Compounds. 
Nitrocamphor  and  its  Derivatives.  I.  Stereoiso- 
meric  Chloro-  andBromo-nitrocamphors.  II.  Pseudo- 
nitrocamphor.  III.  Camphoryloxime  (Campho- 
nitrophenol). 

By  T.  Martin  Lowry,  B.Sc. 

I.  Stereoisomeric  Chloronitrocamphors  and  Bromonitrocamphors. 

In  a  recent  paper  on  "  Stereoisomeric  Derivatives  of  Camphor  "  (Trans., 
1898,  73,  569),  I  have  shown  that  a  mixture  of  stereoisomerides  is 
formed  by  the  action  of  bromine  on  a-chloi'ocamphor,  and  that  a 
similar  mixture  is  produced  by  the  action  of  sulphuryl  chloride  on 
a-bromocamphor ;  thus, 

n  ,-H  p  .Br  ^  ..CI 

C3H,,<V^C1  -.         C3H,,<V^C1       and       C3H,,<V^Br 

o-Chlorocamphor.  o'-Bromo-a-chloro-  a-Bromo-a'- 

camphor.  chlorocamphor. 

Evidence  is  given  in  the  present  paper  that  similar  mixtures  are 
formed  by  the  action  of  bromine  and  of  chlorine  on  an  alkaline  solu- 
tion of  nitrocamphor  ;  thus, 

p  ^N02  P  ^NO.,  p  .,C1 

C8Hh<V^H         ^     ^«^^^^&^^  "  ^""^    C3H,,<V^N0, 

a'-Nitrocamphor.  a-Chloro-a'-uitrocamphor.         a'-Chloro-o-nitro- 

camphor. 

When,  however,  a-bromocamphor  and  a-chlorocamphor  are  subjected 
to  the  action  of  nitric  acid,  each  appears  to  yield  only  a  single  nitro- 
derivative  ;  thus, 

P  ..H  p  ,-N0„ 

C"  H,,<V^Br '     CoHi.V^Br 

a-Bromocamplior.  o'-Nitro-o-bromocamplior. 

As  the  stereoisomeric  nitro-compounds  do  not  form  isomorphous 
mixtures,  it  has  been  found  possible  to  isolate  each  of  the  four  com- 
pounds in  a  pure  state  ;  their  melting  points  and  specific  rotatory 
powers  are  given  in  the  table  on  the  next  page. 

The  isomerism  of  these  compounds  shows  several  points  of  contrast 
when  compared  with  that  of  the  compounds  containing  halogen  pre- 
viously described.  In  the  case  of  the  latter,  the  stereoisomerides  were 
obtained  as  isomorphous  mixtures  which  crystallised  magnificently,  and 
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Melting  point. 


o-Chloro-a'-nitrocamphor 95° 

a'-(Jbloro  a-nitrocaniphor i  1 .32 

o  Bromo-a'-nitrocamphor 107 

o'-Bromo-a-nitrocamphor lOd 


[a]o  (chloroform). 


-5° 
+  13 
-22 
+  53 


they  only  differed  at  all  largely  in  the  one  property  of  specific  rotatory 
power ;  the  isomeric  chloro-  and  bromo-nitrocamphors,  on  the  other 
hand,  do  not  form  isomorphous  mixtures,  and  are  only  obtained  in 
distinct  crystals  when  they  are  almost  pure,  so  that  it  is  possible  to 
isolate  the  less  soluble  isomeride  by  crystallising  only  five  or  six 
times.  The  melting  points  of  the  two  chloronitrocamphors  differ 
by  37°,  but  the  diffei-ence  amounts  to  only  1°  in  the  case  of  the 
two  bromonitrocamphors ;  in  each  case,  however,  a  mixture  of  the 
two  isomerides  melts  at  a  point  about  15°  lower  than  the  mean  of  the 
separate  melting  points ;  these  results  may  be  contrasted  with  the 
behaviour  of  the  isomeric  chlorobromocamphors,  the  melting  point  of 
which  never  varies  by  more  than  6°,  whatever  the  proportions  may  be 
in  which  they  are  mixed.  The  difference  in  specific  rotatory  power 
between  the  two  bromonitrocamphors  amounts  to  as  much  as  75°,  but 
is  only  18°  in  the  case  of  the  chloronitrocamphors  ;  the  differences  are, 
however,  greater  when  benzene  is  used  as  a  solvent  instead  of  chloro- 
form. 

When  submitted  to  the  action  of  reducing  agents,  nitrobromo- 
and  nitrochloro-camphor  very  readily  lose  their  halogen  atom  and  are 
converted  into  nitrocamphor  : 

S      14\qq  8      14\(^Q 

Only  one  nitrocamphor  is  produced  by  this  action,  although  in  several 
cases  an  impure  preparation  of  the  substance  has  been  described  as 
an  isomeride.  In  the  case  of  the  bromochlorocamphors,  I  have  shown 
that  both  stei-eoisomerides  yield  the  same  a-chlorocamphor  on  reduc- 
tion, although  this  involves  the  transference  of  the  chlorine  from  the 
a-  to  the  a-position  in  the  case  of  one  isomeride ;  it  is,  therefoi'e,  not 
surprising  that  only  one  nitrocamphor  should  be  produced  by  the  ordi- 
nary methods  of  preparation. 

The  orientation  of  the  radicles  in  nitrocamphor  and  its  derivatives 
may  be  deduced  in  the  following  way.  The  a-mono-derivatives  of 
camphor  are,  in  general,  more  highly  dextrorotatory  than  camphor 
itself ;  nitrocamphor,  however,  is  Isevorotatory,  and  it  is  therefore 
probable  that  the  nitro-group  occupies  the  a-  and  not  the  a-position  ; 

3  u  2 


988    LOWHY  :  STUDIES  OF  THE  TERPENES  AND  AT.LIED  COMPOUNDS. 

ordinary  nitrocamphor  must,  therefore,  be  distinguished  by  the  name 
a'^trocamphor.  The  nitrobromo-  and  nitrochloro-camphors,  which 
are  intermediate  products  in  the  preparation  of  nitrocamphor,  agree 
with  this  substance  in  being  Isevorotatory,  and  may,  therefore,  also  be 
regarded  as  having  the  nitro-gi'oup  in  the  a'-position  ;  the  dextro- 
rotatory isomerides  are  consequently  to  be  regarded  as  derivatives  of 
the  hypothetical  a-nitrocamphor.  This  scheme  of  orientation  allows 
the  formation  of  nitrocamphor  to  be  represented  as  a  case  of  direct 
substitution  not  involving  any  isomeric  change  ;  thus, 

8      14  ^(^Q  8      14  ^CO  ^      "CO 

a-Bromocamphor.  o-Bromo-o'-nitrocamphor.  a'-Nitrocamphor. 

Action  of  Nitric  Acid  on  a-Bromo-  and  a-Chloro-camphor . 

Action  of  Nitric  Acid  on  a-Broviocamphor. — Camphoric  acid  and 
nitrobromocamphor  have  long  been  recognised  as  products  of  the  action 
of  nitric  acid  on  a-bromocamphor  (Schiff,  Ber.,  1880,  13,  1402  ; 
Cazeneuve,  Bull.  Soc.  Chim.,  1884,  42,  69);  a  third  product,  which 
appears  to  have  been  overlooked,  is  aa'-dibromocamphor,  which  is 
produced  by  the  action  of  the  bromine  that  is  liberated  in  the 
oxidation  to  camphoric  acid ;  the  presence  of  this  substance  is  to  be  in- 
ferred from  the  fact  that  a  large  amount  of  a-bromocamphor  invariably 
separates  when  the  product  of  nitration  is  reduced  to  nitrocamphor. 
Tn  consequence  of  the  formation  of  dibromocamphor,  a  considerable 
amount  of  oil  is  obtained  in  addition  to  solid  nitrobromocamphor,  and 
several  crystallisations  are  required  before  the  latter  can  be  obtained 
free  from  this  impurity  ;  there  is,  however,  no  evidence  which  would 
suggest  the  presence  of  a  second  nitrobromocamphor  in  the  oily  residues. 
A  similar  case  of  bromination  has  recently  been  described  by  Lapworth 
and  Kipping,  who  have  shown  that  the  chief  product  of  the  action  of 
nitric  acid  on  bromocamphorsulphonic  acid  is  a  dibromo-acid  (Trans., 
1897,  71,  19  ;  Proc,  1898,  160). 

In  order  to  ascertain  whether  the  nitrobromocamphor  prepared  by 
this  method  is  a  homogeneous  substance  or  an  isomorphous  mixture,  it 
was  submitted  to  a  series  of  crystallisations  ;  it  was  found,  however, 
to  have  a  constant  melting  point  and  specific  rotatory  power  after  it 
h:id  been  crystallised  seven  times,  and  it  may  therefore  be  regarded  as 
a  homogeneous  substance.  When  pure,  it  melts  sharply  and  constantly 
at  107^  ;  its  specific  rotatory  power  is  [a]i,=  -  22"0°  in  a  10  per  cent, 
solution  in  chloroform  at  20°,  and  [a  ]i,  =  -  54°  in  a  10  per  cent,  solution 
in  benzene  at  20°. 

Action  of  Nitric  Acid  on  a-Chlorocamphor,— The  chiei  products  of  the 
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action  of  nitric  acid  on  a-chlorocamphor  are  camphoric  acid  and  nitro- 
chlorocamphor,  as  was  shown  by  Cazeneuve  {Bull.  Soc.  Chim.,  1883,  39, 
504) ;  no  dichlorocamphor  appears  to  be  produced.  If  care  be  taken  to 
use  a  preparation  free  from  dichlorocamphor,  the  amount  of  oily  matter 
produced  in  the  nitration  is  very  small,  and  can  be  still  further  reduced 
by  boiling  a  second  time  with  nitric  acid  ;  in  this  way,  it  is  possible  to 
convert  the  chlorocamphor  almost  completely  into  camphoric  acid  and 
nitrochlorocamphor,  and  there  is  no  reason  to  suppose  that  any  third 
substance  is  produced.  The  so-called  "  |8-nitrochlorocamphor,"  which 
is  said  to  be  present  in  the  mother  liquors,  must  be  regarded  as  a 
mixture  and  not  as  a  definite  substance  ;  its  melting  point  is  given  by 
Cazeneuve  {Bull  Soc.  Chim.,  1888,  49,  427)  as  98°,  and  by  Schiff  and 
Puliti(56?-.,  1883,  16,  888)  as  110°,  but  neither  description  agrees  with 
the  properties  of  the  pure  chloronitrocamphors  described  in  this  paper. 
The  a'-nitro-a-chlorocainphor  prepared  by  the  method  described  is 
very  readily  purified ;  indeed,  its  melting  point  and  specific  rotatory 
power  were  found  to  be  constant  after  only  four  crystallisations.  The 
pure  substance  melts  at  95°;  its  specific  rotatory  power  is  [a]D=  -4'8° 
in  a  10  per  cent,  solution  in  chloroform  at  20°,  and  [a]D=  -  39'2°  in 
a  10  per  cent,  solution  in  benzene  at  20°. 

Action  of  Bromine  and  Chlorine  on  Nitrocamphor . 

Action  oj  Bromine  on  an  Alkaline  Solution  of  Nitrocamphor. — By 
the  action  of  bromine  and  chlorine  on  an  aqueous  solution  of  potas- 
sium nitrocamphor,  SchifE  obtained  two  substances  to  which  he 
asci'ibed  the  formulae  CgQH^gBrgNgO^;^  and  C3QH43Cl2N30;^;^  [Gazzetta, 
1881,  11,  22);  on  repeating  the  experiments,  however,  I  have  obtained 
products  which,  even  when  analysed  before  they  are  purified,  yield 
results  corresponding  with  the  simpler  formulae  CjoH^^BrNOg  and 
C^QHj^ClNOg  ;  the  low  percentages  of  halogen  obtained  by  SchifE  are 
probably  due  to  the  use  of  an  insufficient  amount  of  alkali  to  keep  the 
nitrocamphor  in  solution.  In  each  case,  the  product  actually  consists 
of  a  mixture  of  the  two  stereoisomerides  which  are  theoi'etically 
possible,  but  as  these  are  obtained  practically  free  from  impurity,  the 
mixture  is  eminently  adapted  for  the  separation  of  the  two  isomerides. 

The  product  of  the  action  of  bromine  on  a  solution  of  nitrocamphor 
in  an  excess  of  potassium  carbonate  is  a  white,  amorphous  substance 
melting  at  86° ;  on  analysis,  0'3430  gave  0*2337  AgBr,  whence 
Br  =  28*99  per  cent.,  corresponding  accurately  with  the  formula 
C^oHj^BrNOg,  which  requires  Br  =  28*97  per  cent.  The  specific 
rotatory  power  of  this  product  was  found  to  be  [a]D=  -1-21°  in  a  5  per 
cent,  solution  in  chloroform  at  20°.  After  crystallising  five  times 
from  spirit,  a  fraction  was  obtained   which    melted   at    106°,   and    by 
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further  crystallising  this  from  benzene,  acetic  acid,  and  spirit,  fine 
needles  were  obtained  melting  sharply  and  constantly  at  107°,  and 
having  a  specific  rotatory  power  [a]D=  -  21  "5°  in  a  5  per  cent,  solution 
in  chloroform  at  18°  ;  the  less  soluble  fraction  is  therefore  identical 
with  the  a-bromo-a'-nitrocamphor  which  is  produced  by  the  action  of 
nitric  acid  on  a-bromocamphor.  After  a  long  series  of  fractionations, 
a  crystalline  product  was  also  isolated  from  the  mother  liquors  ;  this 
melted  at  90°,  and  its  specific  rotatory  power  was  [aju  =  +  33°  in  chloro- 
form solution.  By  crystallising  from  dilute  spirit,  the  melting  point  was 
raised  to  98°,  and  after  four  more  crystallisations  from  spirit  and 
acetic  acid  it  was  106°,  but  after  this  no  further  change  of  melting 
point  was  produced  by  three  more  crystallisations  from  spirit  and 
light  petroleum.  a-Bromo-a-nitrocainiAor,  the  more  soluble  con- 
stituent of  the  mixture,  melts  therefore  quite  constantly  at  106°; 
its  specific  rotatory  power  was  found  to  be  [a]D=+53°  (approxi- 
mately) in  a  0"5  per  cent,  solution  in  chloroform.  The  melting  point 
only  differs  by  1°  from  that  of  the  stereoisomei'ide,  but  a  mixture  of 
the  two  substances  melts  at  about  90° ;  the  specific  rotatory  powers  of 
the  two  substances  in  solution  in  chlorofoi-m  differ  by  75°. 

Ordinary  a-bromo-a'-nitrocamphor,  melting  at  105°,  was  also  ob- 
tained by  warming  a  solution  of  nitrocamphor  in  acetic  acid  to  100° 
with  an  excess  of  bromine,  and  crystallising  the  product  four  times 
from  spirit ;  probably  both  stereoisomerides  are  formed,  but  the  method 
yields  an  impure  product  which  is  unsuitable  for  fractionation. 

Action  of  Chlorine  on  an  Alkaline  Solution  of  Nitrocamphor. — The 
product  of  the  action  of  chlorine  on  a  solution  of  niti'ocamphor  in  an 
excess  of  potassium  carbonate  is  a  white,  amorphous  solid  melting  at 
116°;  on  analysis,  0-3502  gave  0-2181  AgCl,  whence  CI- 15-40 
per  cent.  (calc.  15*31  per  cent.),  corresponding  closely  with  the 
formula  C^QHj^ClNOg;  its  specific  rotatory  power  was  found  to  be 
[ajo^  -f5-5°ina5  per  cent,  solution  in  chloroform  at  14°.  After 
cry.stallising  four  times  from  spirit,  it  was  obtained  in  distinct  crystals 
melting  at  132°,  and  no  further  change  of  melting  point  was  effected 
by  four  more  crystallisations  from  spirit,  light  petroleum,  and  acetic 
acid.  The  substance  thus  isolated  is  not  identical  with  the  a-chloro- 
a-nitrocamphor  produced  by  the  action  of  nitric  acid  on  a-chloro- 
camphor,  and  is,  therefore,  to  be  regarded  as  the  stereoisomeric 
a -chloro-a-nitrocamphor ;  its  specific  I'otatoi-y  power  was  found  to  be 
[a]u=  +13°  in  a  4  per  cent,  solution  in  chloroform  at  20",  and 
[a]n=  +  19°  in  a  3  per  cent,  solution  in  benzene  at  19°.  The  melting 
points  of  the  two  isomerides  differ  by  37°,  their  specific  rotatory 
powers  differ  by  18°  in  solution  in  chloroform,  and  by  58°  in  solution 
in  benzene  ;  a  mixture  of  the  two  substances  melts  at  about  100°.  No 
attempt  was  made  to  isol.ite  the  a-chloroa'-nitrocamphor,  which  forms 
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the  more  soluble  constituent  of  the  mixture,  but  it  appears  to  be 
present  in  the  initial  product  to  the  extent  of  rather  more  than 
one-half. 

Reduction  of  Nitrohromo-  and  Nitrocldoro-cam'plior . 

Reduction  of  Nitrobromocavvphor. — Nitrocamphor  was  first  prepared 
by  Schiff  {Ber.,  1876,  13,  1403)  by  reducing  nitrobromocamphor  with 
alcohol  and  potash,  but  the  product  described  by  him  appears  to  have 
been  impure.  The  pure  substance  melts  at  102°,  and  yields  an 
anhydride  melting  at  190°  with  evolution  of  gas  (see  this  vol.,  p.  996) ; 
the  permanent  value  of  the  specific  rotatory  power  is  [ajo  =  -  104°  in 
a  5  per  cent,  solution  in  benzene  at  15°. 

Reduction  of  Nitrochlorocamphor. — By  the  action  of  a  zinc-copper 
couple  on  an  alcoholic  solution  of  nitrochlorocamphor,  Cazeneuve 
obtained  an  "  a-nitrocamphor  "  melting  at  100 — 101°,  and  having  a 
specific  rotatory  power  [a]j=  -102°  in  a  5*2  per  cent,  solution  in 
benzene  {Bull.  Soc.  Chivi.,  1887,  [ii],  47,  920).  These  constants 
agree  closely  with  those  of  the  a'-nitrocamphor  described  above,  and 
the  anhydride  of  the  substance  has  also  been  described  by  Cazeneuve 
under  the  incorrect  name  of  "  nitrosocamphor "  [Bull.  Soc.  Chim., 
1889,  [iii],  1,  558).  The  so-called  " /3-mtrocamphor  "  melting  at  97°, 
which  was  obtained  from  the  mother  liquors  of  the  above  preparation, 
must  be  looked  upon  as  merely  an  impure  form  of  a'-nitrocamphor, 
and  appears  indeed  to  have  been  so  regarded  by  Cazeneuve. 

A  second  "  /3-nitrocamphor "  melting  at  83°  was  obtained  by 
Cazeneuve  by  the  action  of  sodium  on  a  solution  of  nitrochlorocamphor 
in  toluene  {Bull.  Soc.  Chim.,  1889,  [iii],  2,  707).  I  have  also  prepared 
this  substance,  and  find  that,  when  purified,  it  melts  at  102°,  and 
yields  an  anhydride  melting  at  190°;  it  is  therefore  identical  with 
ordinary  a'-nitrocamphor. 

It  appears,  therefore,  that  only  a  single  nitrocamphor  is  produced 
on  reducing  nitrobromo-  and  nitrochlorocamphor. 


1 1.    PSEUDONITROCAMPHOR. 

Until  recently,  it  was  supposed  that  the  salts  of  the  niti'oparatiins 
were  formed  by  the  direct  displacement  of  hydrogen,  as  represented 
by  such  a  formula  as  CHg-CHNa-NOo.  Dr.  Armstrong  was,  I  believe, 
the  first  to  suggest  that  this  might  not  be  the  case,  and  that  the  salts 
are  perhaps  derived  from  an  isodynamic  form  of  thenitro-compound  in 
which  the  hydrogen  atom  of  a  hydroxyl-group  is  displaceable  by 
metals  (Proc,  1S92,  101).  This  conclusion  has  since  been  satisfactorily 
established   by  the   discovery  of  a  number  of  chemical  changes  ex- 
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hibited  by  the  majority  of  pxnmary  and  secondary  nitroparaffins 
which  cannot  readily  be  explained  by  the  use  of  a  '  noi'mal '  nitro- 
formula. 

The  conversion  of  the  nitroparaffins  into  the  corresponding  aldehyde 
or  ketone  was  first  pointed  out  by  Nef  (Annalen,  1894,  280,  263), 
who  showed  that  the  amount  of  the  nitroparaffin  obtained  on  acidify- 
ing a  solution  of  sodium  nitroethane  or  sodium  nitropropane  never 
exceeds  25  per  cent,  of  the  theoretical  quantity,  whilst  under  ordinary 
conditions  a  complete  decomposition  occurs  into  nitrous  oxide  and 
aldehyde  or  acetone.  If  the  formula  proposed  by  Hantzsch  for  the 
isodynamic  form  of  the  nitroparaffins  be  adopted,  their  decomposition 
may  be  represented  thus, 

2CH3-CH<^*^^'^-^    2CH3-CH<^"'^^ -^  2CH3-CHO  +  (NOH)2 

->     2CH3-CHO  +  Np  +  H20. 

The  formation  of  ketonic  products  has  also  been  observed  by 
Konowaloff  in  the  case  of  diphenylnitromethane,  (CgH-).,CH'N02,  and 
exonitromesitylene,  (CH3),C6H.,-CR,-NO^,  {jBer.,  1896,  29,  2193). 

An  action  of  still  greater  interest  is  that  1  y  which  the  nitro- 
paraffins are  converted  into  derivatives  of  the  isomeric  hydroxamic 
acid.  Tlius,  by  the  action  of  benzoic  chloride  on  sodium  nitroethane, 
Nef  and  Jones  have  obtained  a  large  number  of  derivatives  of  acet- 
hydroxamic  acid  {£er.,  1896,  29,  1218;  Amer.  Chem.  Journ.,  1898, 
20,  1)  : 

^  ^Q  3      ^^JSOBz, 

Sodium  i|'-nitroetliane.  Beiizoyl-acL-tliydioxamic  acid. 

The  production  of  hydroxamic  acid  derivatives  has  also  been  ob- 
served in  the  benzenoid  series  by  Holleman  [Rec.  Trav.  Chim.,  1896, 
15,  356),  who  obtained  the  benzoate  of  benzhydroxamic  acid  by  the 
action  of  benzoic  chloride  on  sodium  phenjlnitromethane  : 

Sodium  i^-ldienylnitrometliane.  Benzoyl-beiizhydroxamic  acid. 

The  fundamental  change  involved  in  all  these  cases  is  that  repre- 
sented by  the  formulae 

(JII,-(Jll<V^jj  -  CH3-C<^^Qj,  or  CH,-CO-NH-OH  ; 

this  change  is  pi-ccisely  analogous  to  that  which  has  been  shown  by 
Beckmann  to  occur  in  the  case  of  the  oximes,  as  will  be  obvious  on 
comparing  the  formulae  given  above  with  those  for  a  typical  oxime, 
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CHg-CPhlN-OH  -^    CH,-C<^pj^  or  CHg-CO-NHPh. 

Acetophenone-oxime.  Acetanilide. 

The  term  iutramolecular  oxidation  has  been  introduced  by  Nef  to 
explain  the  transference  of  an  oxygen  atom  which  attends  these  iso- 
meric changes  in  the  case  of  the  nitroparaffins,  but  there  does  not 
appear  to  be  any  advantage  to  be  derived  from  the  use  of  a  special 
nomenclature,  and,  moreover,  the  use  of  this  term  entirely  masks  the 
analogy  to  which  attention  is  here  directed. 

The  investigation  of  nitrocamphor  has  proved  to  be  of  peculiar 
interest  from  the  point  of  view  discussed  in  these  introductory 
remai^ks,  as  I  have  been  able  to  prepare  from  it  derivatives  of  all  the 
above  types,  in  addition  to  an  anhydride  which  constitutes  an  entirely 
new  type  of  derivative  ,*  moreover,  the  optical  activity  of  the  sub- 
stances has  rendered  it  possible  to  study  the  change  from  the  normal 
to  the  pseudo-type  and  vice  versd,  not  only  in  the  derivatives,  but  also 
in  the  case  of  the  nitro-compound  itself.  The  results  obtained  may  be 
briefly  summarised  as  follows. 

1.  When  heated  on  a  water  bath  during  several  hours,  nitrocamphor 
yields  an  anhydride,  as  may  be  represented  hy  the  following  formulae. 

(.  .NO,  C<r'?'^^ 

Nitrocamphor.  Pseudonitrocamphor. 

C8Hu<io  O       0-^^>C,H,,  +  H^O. 

Anhydride. 

This  anhydride  differs  in  a  striking  manner  from  nitrocamphor,  in 
that  the  former  is  very  highly  dextrorotatory,  and  a  similar  difference 
exists  in  the  case  of  the  salts,  which  are  likewise  dextrorotatory 
(Cazeneuve,  Bull.  Soc.  Chim.,  1888,  49,  92);  the  formation  of  the 
latter  may  be  represented  by  the  formulae, 

CH  NO  (.^N-OH  N-ONa 

Nitrocamphor.  Pseudonitrocamphor.  Sodium-if'-nitrocamphor. 

*  By  the  action  of  phenyl  isocyanate  on  ^'-phenylnitromethane,  Hantzsch  and 
Schultze  {Bcr.,  1896,  29,  2251)  obtained  diphenj'lcarbamide,  indicating  that  water 
had  been  withdrawn  from  the  nitro-compound  ;  the  other  product  of  the  action,  which 
was  not  purified,  is  perhaps  an  anhydride  of  the  type  described  in  this  paper,  but 

.N 

the  tormula  suggested  for  it  by  Hantzsch  and  Schultze  was  C'gHj'C-^i  • 
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2.  The  reverse  change  from  the  pseudo-  to  the  normal  type  occurs 
on  acidifying  solutions  of  the  salts,  when  normal  nitrocamphor  is 
readily  reproduced.  In  a  similar  manner,  the  action  of  chlorine  and 
of  bromine  on  a  solution  of  the  potassium  salt  gives  rise  to  the  normal 
nitro-compounds  previously  described  in  Section  I. 

^C<-^*^^  /CBr-NO,. 

Potassium-i|/-nitrocamplior.  Bromonitrocamplior. 

3.  Camphorquinone,  the  ketone  corresponding  to  nitrocamphor,  is 
readily  obtained  by  the  action  of  alcoholic  potash  on  the  anhydride,  or 
by  merely  heating  the  latter  to  190°.  The  decomposition  may  be 
represented  by  the  equation 

^sHh<CO  ^0C>^s^i4    -    2C3H,,<(!,Q  +  N,0. 

4.  As  nitrocamphor  is  a  secondary  niti'o-compound,  it  cannot  be 
converted  into  an  isomeric  hydroxamic  acid  such  as  is  produced  in  the 
case  of  the  primary  nitroparaffins  ;  a  somewhat  similar  isomeric  change, 
however,  takes  place  in  the  preparation  of  an  acetate  or  a  benzoate 
from  pseudonitrocamphor,  as  the  substances  produced  are  derived  from 
camphoryloxime,  a  hydroximic  acid  isomeric  with  nitrocamphor,  as  may 
be  represented  by  the  formulae 

<^sHh<V^O  -*    C,H,,<^>0  and    C3H,,<^>0 

®    "^CO  CO  CO 

rotassiura-;//-nitrocamplior.  Benzoyl-  and  acetj'l-camphoryloxinie. 

Camphoryloxime  can  also  be  prepared  directly  from  nitrocamphor 
by  means  of  hydrogen  chloride,  and  has  been  described  by  Cazeneuve 
under  the  name  of  '  camphonitrophenol '  [Bull.  Soc.  Chim.,  1889,  [iii],  1, 
243),  although  the  structure  which  he  ascribed  to  the  substance  is 
incorrect ;  this  action  affords  an  example  of  direct  isomeric  change, 
such  as  has  not  been  observed  in  the  case  of  the  nitroparaflSns. 

Three  formuUc  have  been  suggested  as  representing  the  constitution 
of  the  pseudonitroparaffins,  namely, 

I.     R-CH:N-0-0H     (Armstrong). 
II.     K-CH:N-0H         (Nef). 

o 

111.     K-CH— N-OH     (Hantzsch  and  Schultze). 
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Of  these  three,  that  proposed  by  Haatzsch  is  to  be  preferred,  in  that 
it  represents  one  oxygen  atom  as  being  already  linked  to  carbon,  and 
so  affords  the  readiest  explanation  of  the  formation  of  compounds  such 
as  the  ketones  and  hydroxamic  acids  in  which  a  -CO-  group  is 
present.  Two  additional  arguments  can  be  deduced  in  favour  of  this 
type  of  formula  for  pseudonitrocamphor :  first,  the  extremely  high 
rotatory   power    of    the    substance    is   most   readily   explained  by   a 

.N-OH 
formula  such  as  CgH^^*:^  i  ^O  ,  in   which  the  a-carbon  atom  is 

CO 
asymmetric,  rather  than  by  a  formula  in  which  this  asymmetry  does 

,c:nO'OH 

not  occur,  as  in  CsHj4<\pQ  •      Secondly,  the  decomposition  ot 

the  anhydride  of  pseudonitrocamphor  by  heat  into  camphorquinone 
and  nitrous  oxide  cannot  be  explained  in  any  simple  way  except  by 
the  use  of  a  formula  such  as  that  already  given  for  the  substance,  in 
which  one  oxygen  atom  is  shown  to  be  attached  to  the  a-carbon  atom. 


Preparation   and  Properties  of  Nitrocamplior. 

Nitrocamphor  can  be  readily  prepared  in  quantity  in  the  following 
manner  :  1000  grams  of  bromine  are  gradually  mixed  with  960  grams  of 
camphor  contained  in  a  flask  which  is  heated  on  a  water  bath,  the  hydro- 
gen bromide  being  led  off  through  a  tube  of  large  diameter  to  a  tower 
packed  with  moistened  coke;  when  all  the  bromine  has  been  introduced, 
a  solution  of  cavistic  soda  is  added  to  remove  hydrogen  bromide,  and  the 
product  is  then  poured  into  a  lai'ge  quantity  of  water.  The  crude  bromo- 
camphor  is  boiled  in  large  flasks  with  nitric  acid  (sp.  gr.  =  1"4)  during 
about  50  hours,  and  the  acid  liquor  is  then  poured  off  and  evaporated, 
in  order  to  recover  the  large  amount  of  camphoric  acid  which  is 
dissolved  in  it.  The  oily  product  from  which  the  acid  was  separated 
consists  mainly  of  a  mixture  of  dibromocamphor  and  nitrobromocam- 
phor,  and,  if  care  be  taken  to  free  it  from  all  traces  of  acid  substances, 
it  can  be  reduced  withovit  further  purification.  To  effect  the  reduction, 
50  grams  of  the  substance  are  warmed  in  a  flask  with  100  c.c.  of 
spirit  until  nearly  dissolved,  and  50  c.c.  of  a  strong  solution  of 
potash  (KOH  :  H2O  =  1  :  1|)  are  gradually  added,  care  being  taken  that 
the  contents  of  the  flask  do  not  boil  over ;  after  a  few  minutes,  the 
reduction  is  complete,  and  the  reddish-brown  liquid  is  then  poured 
into  water  and  left  overnight  to  allow  of  the  separation  of  mono- 
bromocamphor.  The  alkaline  solution,  after  being  filtered,  is  acidified 
with  hydrochloric  acid  in  order  to  precipitate  the  nitrocamphor  which 
separates   as  an   oil,  but  after  a  day  or  two  deposits  crystals ;  these 
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are  collected  on  a  filter,  washed  thoroughly  with  water  and  spirit, 
and  finally  crystallised  horn  spirit.  A  further  crop  of  crystals 
can  be  obtained  by  redissolviug  the  oily  residue  in  potash  solution, 
and  again  acidifying  after  the  solution  has  been  freed  from 
neutral  impurities  by  extracting  with  ether.  In  this  way,  about 
13  parts  of  nitrocamphor  can  be  obtained  from  100  parts  of  camphor, 
half  the  bromocamphor  being  oxidised  during  the  operation,  and  one- 
sixth  recovered,  whilst,  the  remainder  is  for  the  most  part  converted 
into  nitrocamphor.  The  fact  that  only  about  one-third  of  the  nitro- 
camphor produced  can  be  obtained  in  the  crystalline  state  can  be 
explained  by  the  presence  of  both  the  normal  and  the  pseudo-form  in 
the  oil,  in  addition  to  small  quantities  of  impurities. 

Nitrocamphor,  when  purified  by  repeated  crystallii-ation,  melts  at 
102°,  but  softens  before  melting,  and  when  cooled  again  solidifies  in  an 
amorphous,  and  not  in  a  crystalline,  form.  Its  specific  rotatory  power 
is  very  sensitive  to  small  changes  of  conditions,  and  only  attains  a 
constant  value  some  hours  after  preparing  the  solution ;  in  character- 
ising the  substance,  the  constant  specific  rotatory  power  of  a  5  per 
cent,  solution  in  benzene  may  be  ui^ed  ;  in  such  a  solution  [a]o=  —  104° 
at  15°.  The  best  way  to  characterise  nitrocamphor  is,  however,  by 
converting  it  into  the  anhydride,  which  is  very  readily  prepai'ed  and 
pui'ified ;  this  decomposes  and  melts  at  190°,  and  its  specific  rotatory 
power  is  [ajo^  +  187°  in  a  5  per  cent,  solution  in  benzene. 


Anhydride  of  Pseudonitrocamphor. 

When  a  solution  of  nitrocamphor  is  evaporated  to  dryness  on  a 
water  bath,  the  fused  substance  gradually  becomes  solid  and  opaque, 
owing  to  the  formation  of  an  anhydride  of  pseudonitrocamphor.  The 
product  is  purified  by  digesting  it  with  a  small  amount  of  spirit,  and 
then  crystallising  from  boiling  spirit,  in  which  it  dissolves  to  a  small 
extent  only  ;  on  cooling,  it  separates  at  once  in  minute  crystals. 

The  pure  anhydride  decomposes  and  melts  at  190°,  giving  off  a 
considerable  amount  of  gas  ;  in  a  5  per  cent,  solution  of  the  substance 
in  benzene  at  21°  [a]D=+187°,  whilst  in  a  chloroform  solution 
[a]i,=  -fl67°.  This  high  dextrorotatory  power  is  in  marked  contrast 
with  the  Isevorotatory  power  of  the  nitrocamphor  from  which  the 
substance  is  prepared,  and  in  this  respect  it  resembles  the  salts,  which 
are  also  dextroratatory  :  for  example,  the  specific  rotatory  power  of 
the  anhydrous  potassium  salt  is  [a]o=  +  205°  in  a  10  per  cent,  aqueous 
solution.  The  anhydride  is  only  slightly  soluble  in  boiling  spirit,  but 
dissolves  readily  in  benzene,  chloroform,  and  acetone  ;  it  is  moderately 
soluble  in  ethylic  acetate  and  acetic  acid,  but  does  not  dissolve  in 
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light  petroleum  to  any  extent.     The  following  results  were  obtained 
on  analysis. 

I.  0-3391  gave  21 -Sec.  of  moi.st  nitrogen  at  19°  and  767mm.  N  =  7-78. 
II.  0-4332    „     28-2C.C.      „  „  21°   „    760mm.  N  =  7-50. 

III.0-1650    „    0-3858  CO.^  and  0-1138  H^O.     C  =  6377  ;  H  =  7-68. 
C20H23N2O5  requires  0  =  63-83  ;  H  =  7-47  ;  N  =  7-47  per  cent. 

In  order  to  confirm  the  formula  found  by  analysis,  the  molecular 
weight  was  determined  in  a  solution  in  benzene  by  the  boiling-point 
method.     When  dissolved  in  11  "10  grams  of  benzene, 

2-8487  grams  raised  the  b.  p.  2-011°.     M  =  377. 
1-8842  „  „  1-214°.     M  =  372. 

1-9012  „  „  1-191°.     M  =  382. 


Mean     M  =  377. 


Calculated  for  C20H28N2O5         ...         M  =  376. 
The  substance  is  therefore  an  anhydride  of  nitrocamphor, 

2C,oH,,N03  =  C^oH^sN  A  +  H^O  ; 

but  it  must  necessarily  be  derived  from  a  hydroxylic  modification,  and 
may  therefore  be  represented  by  the  formula 

N-O-N 
^    ^^    CO  qC 

Its  high  dextrorotatory  power  indicates  that  it  has  a  constitution 
similar  to  that  of  the  salts  of  nitrocamphor,  and  these  may  therefore 
be  represented  by  the  formula 

N-OEl 
OH   <^^0 

Pseudonitrocamphor  anhydride  appears  to  have  been  already 
prepared  and  examined  by  Cazeneuve,  who  devotes  a  whole  paper  to  its 
description  under  the  incorrect  name  of  ^'  nitrosocamphor ,"  Q-^^^^^^0.^, 
{Bull.  Soc.  Chim  ,1889,  [iiij,  1,558);  he  obtained  it  by  the  action  of  the 
zinc-copper  couple  on  nitrochlorocamphor,  following  the  method  used 
in  preparing  nitrocamphor,  but  evaporating  to  dryness  at  one  stage 
of  the  operation.  Cazeneuve  gives  the  melting  point  of  his  product 
as  180°,  and  its  specific  rotatory  power  as  [a]D=  +  195°  in  a  solution 
in  benzene  ;  these  values  agree  fairly  well  with  those  given  above  for  the 
anhydride,  and  the  identity  of  the  two  products  is  shown  by  other 
details  of  the  description,  as,  for  instance,  in  the  statement  that  the 
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substance  acquires    a   greenish-yellow   tint    on    exposure    to    bright 
sunlight. 

The  anhydride  is  readily  oxidised  by  nitric  acid  (sp.  gr.  =  1'42),  and 
is  thus  converted  into  camphoric  acid,  melting  at  182°. 


Production  of  Camphorquinone. 

In  order,  if  possible,  to  effect  the  reconversion  of  the  anhydride  into 
nitrocamphor,  an  attempt  was  made  to  hydrolyse  it  by  means  of  alco- 
holic potash.  On  warming  the  anhydride  with  absolute  alcohol  and 
then  adding  a  strong  solution  of  potash,  a  vigorous  action  took  place 
and  the  anhydride  dissolved ;  the  liquid,  on  being  diluted  with  water 
and  allowed  to  cool,  deposited  yellow  needles,  which,  after  being  crys- 
tallised thrice  from  spirit  and  then  sublimed,  were  obtained  in  slender 
needles;  the  substance  melted  at  198°,  and  had  the  characteristic 
sweet  smell  and  splendid  yellow  colour  of  camjjhorquinone.  Xo  nitro- 
camphor is  produced,  and  the  anhydride  appears  to  be  entirely  con- 
verted into  camphorquinone  accordiug  to  the  equation  C20H28N2O5  = 
2C10H1A  +  N2O. 

It  has  already  been  mentioned  that  pseudonitrocamphor  decomposes 
suddenly  when  heated  to  190°,  and  an  attempt  was  therefore  made 
to  isolate  the  products  of  decomposition.  On  gently  heating  the 
substance,  it  melted  and  gave  off  a  large  quantity  of  colourless  gas, 
probably  nitrous  oxide,  together  with  ti'aces  of  brown,  nitrous  fumes, 
and  a  yellow,  semi-solid  distillate  was  obtained ;  this,  on  being  drained 
on  porous  earthenware,  crystallised  from  spirit,  and  sublimed,  gave  a 
sublimate  consisting  largely  of  camphorquinone,  but  this  was  mixed 
with  a  colourless  substance  ;  the  quantity  of  material,  however,  was 
not  sufficient  to  allow  of  a  complete  separation  of  the  two.  A  similar 
result  was  obtained  when  the  anhydride  was  merely  heated  to  the  point 
of  decomposition  and  then  distilled  in  a  current  of  steam. 

Camphorquinone,  it  may  here  be  pointed  out,  is  very  readily  pi*o- 
duced  from  nitrocamphor  and  its  derivatives  ;  it  has  been  shown  by 
Lapworth  (Trans.,  1896,  69,  3)  to  be  a  product  of  the  destructive 
distillation  of  nitrobromo-  and  nitrochloro-camphor,  as  can  readily  be 
shown  by  heating  a  little  of  the  nitro-compound  with  a  particle  of 
sodium  in  a  test  tube  ;  the  yellow  coloration  which  is  acquired  by  an 
alcoholic  solution  of  bromonitrocamphor,  when  exposed  to  air  and  light, 
is  also  due  to  camphorquinone,  which  I  have  been  able  to  isolate  from 
the  altered  substance  in  fine,  yellow  needles.  The  greenish-yellow 
tint  and  sweet  smell  which  are  developed  on  exposing  pseudonitro- 
camphor anhydride  to  bright  sunlight  are  also  probably  due  to  the 
formation  of  traces  of  camphorquinone. 
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Benzoyl-  and  Acetyl-ca7)iph(yi"yloximes. 

Freparatlon  of  a  Benzoate  from  Nitrocamjihor. — In  order  to  obtain 
additional  evidence  of  the  presence  of  a  hydroxyl  group  in  pseudo- 
nitrocamphor,  an  attempt  was  made  to  prepare  its  benzoate.  Nitro- 
camphor  (20  grams)  was  dissolved  in  potash,  and  an  excess  of  benzoic 
chloride  added  to  the  solution  ;  the  limpid  oil  thus  obtained,  after 
standing  overnight,  became  thick  and  doughy,  and  on  macerating  the 
dough  with  spirit,  crystals  were  obtained  which,  when  purified  by 
crystallising  four  times  from  spirit,  melted  sharply  and  constantly  at 
138°.  The  specific  rotatory  power  of  the  benzoate  was  found  to  be 
[a]D=+9'3°  in  a  5  per  cent,  solution  in  chloroform  at  15°;  on 
analysis, 

0-1979  gave  0-4874  CO,  and  0-1178  Hp.     C  =  67-2;  H  =  6-63. 
CiyH^^NOs  requires  C  =  67-7  f  H  =  6-31  per  cent. 

In  its  properties,  this  benzoate  agrees  with  that  prepared  in  a 
similar  way  from  camphoryloxime,  the  hydroximic  acid  isomeric  with 
nitrocamphor  (see  Section  III),  and  its  formation  from  nitrocamphor 
involves,  therefore,  an  isomeric  change  similar  to  those  described  byNef 
and  Jones,  and  by  Holleman  in  the  case  of  the  primary  nitro-paraffins. 

Preparation  of  an  Acetate  from  Nitrocamphor. — When  5  gi'ams  of 
nitrocamphor  were  warmed  with  acetic  anhydride  and  fused  sodium 
acetate,  a  considerable  rise  of  temperature  occurred,  and,  on  adding 
water,  the  acetate  was  obtained  as  a  dirty,  yellow  precipitate.  When 
crystallised  four  times  from  spirit,  it  melted  at  115°,  and  its  specific 
rotatory  power  was  found  to  be  [a]D=  +  6-7°  in  a  5  per  cent,  solution 
in  chloroform  at  21°;  it  is,  therefore,  identical  with  the  acetate  of 
camphoryloxime  (p.  1002).  The  formation  of  the  acetate  of  the  iso- 
meric hydroximic  acid  by  this  method  is  of  interest  as  showing  that  it 
is  not  necessary  to  use  an  acid  chloride  in  order  to  bring  about  this 
type  of  isomeric  change. 

Besides  studying  nitrocamphor  in  the  manner  described  in  this 
paper,  the  changes  of  rotatory  power  exhibited  by  nitrocamphor 
in  various  solutions  have  been  fully  investigated,  and  I  shall  be  able 
to  show  that  the  noi'mal  and  pseudo-forms  of  the  substance  are  iso- 
dynamic,  and  that  they  exist  together  in  equilibrium  in  solution,  and 
in  the  fused  state ;  full  particulars  will  be  published  in  a  subsequent 
paper. 

III.  Camphoryloxime  (Camphonitrophenol). 

"  Camphonitrophenol  "  was  prepared  by  Cazeneuve  by  boiling  nitro- 
camphor with  concentrated  hydrochloric  acid  [Bull.  Soc.  Chim.,  1889, 
[iii],  1,417);  a  hydrochloride  is  first  formed   {ibid.,  p.  243),   which 
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subsequently  loses  a  molecule  of  hydrogen  chloride,  yielding  an  iso- 
meride  of  nitrocamphor.  This  action  was  explained  by  Cazeneuve  by 
means  of  the  following  formulae  ; 


CgH,^^ 


CH-NO., 


CgHu 


^CH-NOg 


C< 


OH 


CO  --^ci 

Nitrocamphor.  Hydrochloride. 

As  previously  pointed  out  (cmte,   p.  999), 


C8Hu< 


^C-OH 

'  Camphonitrophenol.' 

I  have  found  that  the 
benzoate  and  acetate  of  'camphonitrophenol,'  are  produced  in  a 
similar  manner  from  nitrocamphor,  when  the  latter  is  acted  on  by 
benzoic  chloride  and  potash,  or  by  acetic  anhydride  and  fused  sodium 
acetate.  Both  of  these  changes  can  readily  be  explained  by  foi-mulai 
similar  to  those  used  by  Cazeneuve  to  represent  the  prepai-ation  of 
*  camphonitrophenol '  itself,  thus, 

'CH-NOo 


C3H,<VH-^^^^ 

8        li^QQ 

Nitrocamphor. 


CoHi 


4^1    .OBz 
^<C1 


CgHi^ 


^C-NO., 

<  1 1        ^ 

C-OBz 


8        U^QQ 


CH-NO, 


^^S^u^^, 


CH-NOa 
^^OAc 
^^OAc 


Nitrocamphor. 


Benzoate  of  '  campho- 
nitrophenol.' 

CoH,  ,<  1 1        2 
^    ^'     C-OAc 

Acetate  of  '  camplio- 
nitrophenol.' 

But,  although  Cazeneuve's  formula  is  admirably  adapted  to  explain 
the  preparation  of  the  substance  from  nitrocamphor,  it  does  not  give 
an  adequate  representation  of  its  properties  ;  the  formula  assigned  to 
it  is  that  of  an  unsaturated  tertiary  alcohol,  but  actually  it  behaves 
as  a  saturated  compound,  and  decolorises  neither  bromine  water  nor 
potassium  permanganate  solution  ;  moreover,  it  possesses  marked  acid 
properties,  and  there  is  no  reason  to  suppose  that  an  alcohol  of  the 
above  formula  would  behave  in  any  such  way.  A  further  objection  to 
Cazeneuve's  formula  is  found  in  the  fact  that  it  represents  merely  the 
*  enolic  '  form  of  nitrocamphor,  which  the  substance  might,  therefore,  be 
expected  to  resemble  in  many  of  its  interactions  ;  '  camphonitrophenol,' 
however,  is  perfectly  stable,  and  cannot  be  reconverted  into  either 
nitrocamphor  or  any  of  its  immediate  derivatives.  The  formula  pro- 
po.sed  by  Lapworth  and  Kipping  (Trans.,  1897,  69,  309),  which  repre- 
sents the  substance  as  the  stereoisomeride  of  nitrocamphor,  is  open  to 
similar  objections. 

In  order  to  arrive  at  a  satisfactory  formula  for  '  camphonitrophenol,' 
it  is  necessary  to  start  from  the  pseudo-iorm  of  nitrocamphor,  from 
which  the  salts  and  anhydride  are  derived  (ante,  p.  993),  and  not 
from  the  normal  formula.     Nitrocamphor   is   a  secondary  nitro-com- 
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pound,  and  it  cannot,  therefore,  change  into  an  isomeric  hydroxamic 
acid  in  the  manner  observed  by  Nef  and  Jones  in  the  case  of  the 
primary  nitroparaffins  (Ber.,  1896,  29,  1218);  an  analogous  change 
may,  however,  be  supposed  to  occur,  sucli  as  is  represented  by  the 
following  formulae, 

^CO  ^^    CO  ^   ^^\  / 

CO 

Nitrocamplior.  if-Nitiocamplior.  Camphoryl-oxime. 

The  product  is  thus  represented  as  a  hydroximic  acid  derived  from 
camphoric  anhydride  by  displacing  an  oxygen  atom  by  the  group  =N'OH. 
This  view  of  the  nature  of  the  isomeric  change  receives  confirmation 
from  the  fact  that  isonitrosocamphor,  which  differs  only  in  the  absence 
of  one  oxygen  atom,  is  known  to  pass  into  the  isomeric  camphorylimide 
when  acted  on  by  sulphuric  acid  or  concentrated  hydrochloric  acid 
(Claisen  and  Manasse,  Annalen,  1893,  274,  73) : 

/C=NH 
CH  ^C:N-0H  _  CH  <    \o 


CO 


/ 

CO 


I  have  been  able  to  verify  the  formula  here  suggested  for  campho- 
nitrophenol  by  hydrolysing  it  into  camphoric  acid  and  hydroxylamine, 
and  have  also  been  able  to  prove  its  identity  with  the  oxime  px^epared 
synthetically  from  camphoric  anhydride. 

A  second  possible  structure  for  the  oxime  is  that  represented  by  the 

formula   CgHj^^p^/N'OH  ;  the  two  formulae  differ  in  the  same  way 

as  those  which  have  been  suggested  for  phthalyl  chloride  and  for 
phthalyi  imide,  in  which  cases,  however,  it  is  a  matter  of  great  diffi- 
culty to  distinguish  between  the  alternative  formulae.  If,  however,  we 
adopt  Bredt's  formula  for  camphoric  anhydride,  it  appeals  probable 
that  the  point  of  attack,  as  in  the  case  of  other  ketones,  would  be  the 
^■CH-CO*  group,  of  which  an  '  enolic '  form  is  possible;  the  first 
product  of   the  action  of  hydroxylamine  would  then  be  the  additive 

compound,  i  ,   which,  by  loss  of  a  molecule  of   water, 

>CH-C(OH)-  ^ 

would  yield  the  oxime  represented  by  the  formula, 

CMe2  0 


HoCx   I         /C<o 
2     \nMn/ 


^CMe- 
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As  a  further  consequence,  it  may  be  pointed  out  that  nitrocamphor 
would  then  be  represented  by  the  formula, 


CMe2 
^CMe^ 


HaCx    I         /CO 


and  the  tertiary  "  /5  "-position  occupied  by  hydrogen  in  camphor  and 
by  bromine  in  a^-dibromocamphor  would  then  be  adjacent  to  the 
-CHg-  of  the  -CH,/  CO-  group,  as  represented  by  the  first  of  the  two 
formulae  given  for  the  substance  in  a  recent  paper  (Trans.,  1898, 
73,  577). 

Preparation  and  Properties  of  "  Cam2}honitrophenoV' 

When  nitrocamphor  is  boiled  with  concentrated  hydrochloric  acid, 
a  vigorous  action  takes  place,  the  greater  part  of  the  substance  passing 
into  solution  ;  the  '  camphonitrophenol '  is  isolated  by  evaporating  the 
acid  liquors  to  dryness,  and  crystallising  from  water  (Oazeneuve).  In 
order  to  obtain  the  anhydrous  substance,  these  crystals,  after  being 
dried  at  100°,  are  crystallised  from  dry  ether,  when  the  '  campho- 
nitrophenol '  separates  in  large,  transparent  crystals.  In  order  to 
establish  the  identity  of  various  preparations,  I  have  made  a  careful 
determination  of  the  constants  of  the  anhydrous  substance  ;  it  melts 
at  223°,  but  chars  slowly  at  this  temperature,  and  in  determining  the 
melting  point,  it  is  advisable  not  to  immerse  the  substance  in  the  acid 
bath  until  the  latter  is  within  a  few  degrees  of  this  temperature ;  the 
specific  rotatory  power  is  [aj^^  +70°  in  a  5  per  cent,  solution  in 
benzene  at  14°. 

The  henzoate  is  readily  prepared  by  the  action  of  benzoic  chloride  in 
presence  of  potash  (Oazeneuve)  ;  when  purified  by  crystallising  four 
times  from  spirit,  it  melts  at  138°,  and  its  specific  rotatory  power  is 
[a]D=  +9*3°  in  a  5  per  cent,  solution  in  chloroform  at  16°. 

The  acetate  was  obtained  by  Oazeneuve  by  means  of  acetic  chloride, 
but  can  also  be  conveniently  prepared  by  warming  with  acetic  anhy- 
dride and  fused  sodium  acetate;  when  purified,  it  melts  at  115°,  and 
its  specific  rotatory  power  is  [a]u=  +6"7°  in  a  5"5  per  cent,  solution 
in  chloroform  at  21°. 

"  Tricampho7iitrophenol." — Oazeneuve  found  that  when  nitrocamphor 
was  acted  on  by  hydrochloric  acid  in  alcoholic  solution,  a  substance 
very  similar  to  'camphonitrophenol'  was  formed,  and  to  this  he  gave  the 
formula  (OifjH]-NO.^)3  +  3HoO  ;  the  evidence  for  this  formula  is,  how- 
ever, based  entirely  on  the  analysis  of  a  barium  salt,  which  gave  the 
empirical  formula  O.^oH^gNyOgBa  +  SHgO,  and   no  attempt  was  made 
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to  prove  the  polymeric  nature  ot"  the  sabstaace  by  physical  methods. 
It  appears  to  be  more  probable  that  the  substance,  if  it  exists,  repre- 
sents the  stereoisomeric  oxime,  as  it  yields  an  acetate  and  a  benzoate 
identical  with  those  prepared  from  camphoryloxime.  Up  to  the 
present,  however,  I  have  not  been  able  to  prepare  this  compound,  and 
the  action  of  hydrochloric  acid  on  nitrocamphor  in  alcoholic  solution 
has  invariably  led  to  the  production  of  "  camphonitrophenol." 

Action  of  Hydrogen  Chloride  on  Nitrocamphor  dissolved  in  Ether. — 
By  passing  hydrogen  chloride  into  a  solution  of  nitrocamphor  in  ether, 
a  viscous  oil  was  obtained  which  deposited  crystals  after  standing 
several  days  in  a  desiccator ;  after  purification  by  crystallising  from 
ether,  it  was  obtained  in  needles  melting  at  223° ;  its  specific  rotatory 
power  was  found  to  be  [a]y=  +  7"0^  in  a  5  per  cent,  solution  in  chloro- 
form at  19°.  The  product  of  this  action  is,  therefore,  anhydrous 
'  camphonitrophenol,'  but  the  isomeric  change  by  which  it  is  produced 
takes  place  here  at  ordinary  temperatures,  and  without  the  presence 
of  water. 

Oxidation  of  "  Camphonitrophenol." — '  Camphonitrophenol '  is  very 
easily  oxidised  by  boiling  with  50  per  cent,  nitric  acid  ;  the  product 
consists  of  camphoric  acid,  which  melts  at  182°,  and  is  readily  con- 
verted into  the  anhydride  melting  at  218°. 

Hydrolysis  of  "  Camphonitrophenol." — As  it  was  considered  possible, 
on  theoretical  grounds,  that  '  camphonitrophenol '  might  have  the 
constitution  of  an  oxime  of  camphoric  anhydride,  an  attempt  was  made 
to  hydrolyse  it  to  hydroxylamine  and  camphoric  acid.  For  this  pur- 
pose, 10  grams  of  the  substance  were  heated  in  a  sealed  tube  dux'ing 
4  hours  at  140°,  together  with  20  grams  of  concentrated  hydro- 
chloric acid ;  the  solid  product  had  all  the  properties  of  camphoric 
acid,  and  was  further  chai'acterised  by  converting  it  into  the  anhydride 
melting  at  218°.  The  solution  separated  from  the  camphoric  acid 
gave  the  characteristic  action  of  hydroxylamine  with  Fehling's  solu- 
tion, and  showed  a  strong  reducing  action  on  cold  ammoniacal  silver 
nitrate. 

Action  of  Hydroxylamine  on  Camphoric  Anhydride. 

Three  oximes  derived  from  camphoi'ic  anhydride  are  possible,  cor- 
responding with  the  formulae 

C8Hx4<p30  C,H,,<J:;5nOH      and     0^^^,<^<0       , 

K 

o-Cainplioryl-oxime.         Sym-camplioryl-oxime.  K-Camphoryl-oxiine. 

3x2 
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where  the  carbon  atoms  marked  a  and  k  are  those  which  in  camphor 
appear  in  the  form  of  a  methylene  and  a  carbonyl  group  respectively, 

CH,  « 
us  shown  by  the  formula  CsHj^*^  "  ^  "^      .     The  formation  of  '  campho- 

nitrophenol '  by  isomeric  change  from  nitrocamphor  renders  it  pro- 
bable that  the  isonitroso-group  is  still  combined  with  the  a-carbon  atom, 
and  the  third  formula  is,  therefore,  not  at  all  probable. 

An  oxime,  corresponding  to  one  of  the  above  formulae,  is  already 
known,  namely,  that  prepared  by  Errara  from  hydroxylamine  and 
camphoric  a,nhjdride  {Gazzetta,  1894,  24,  ii,  336),  and  it  was,  therefore, 
important  to  make  a  detailed  comparison  of  this  substance  with 
'  camphonitrophenol,'  in  order  to  ascertain  whether  the  synthetical 
oxime  is  isomeric  or  identical  with  that  produced  by  isomeric  change 
from  nitrocamphor  ;  this  comparison  was  all  the  more  necessary  in 
view  of  the  fact  that  the  a-  and  K-camphoryloximes  would  probably 
resemble  each  other  closely  in  many  of  their  properties,  and  might 
even  occur  together  in  the  form  of  an  isomorphous  mixture. 

According  to  Errara,  the  first  product  of  the  action  of  sodium 
ethoxide  (5  mols.)  on  a  solution  of  camphoric  anhydride  (3  mols.) 
and  hydroxylamine  hydrochloride  (3  mols.)  in  boiling  spirit  is, 
a  sodium  salt  of  the  formula  CgQH^^N^O^oKag  ',  this  substance  is 
however,  merely  a  mixture  of  the  sodium  salts  of  camphoryloxime  and 
camphoric  acid,  as  is  shown  by  the  following  facts. 

1. — The  free  acid  does  not  exist,  for  when  the  sodium  salt  is  decom- 
posed by  hydrochloric  acid,  or  the  lead  salt  by  hydrogen  sulphide,  the 
product  is  merely  a  mixture  of  camphoric  acid  and  camphoryloxime 
(Errara). 

2. — On  acting  on  the  sodium  salt  with  benzoic  chloride  in  presence 
of  an  excess  of  potash,  a  benzoate  is  obtained  which  melts  at  138°,  and 
the  specific  rotatory  power  of  which  is  [  a  ]d=  -1-9'1°  in  a  5  per  cent, 
solution  in  chloroform  ;  it  is  therefore  identical  with  the  benzoate 
prepared  from  pure  camphoryloxime  (see  below). 

3. — By  acting  on  the  sodium  salt  with  acetic  anhydride  and  fused 
sodium  acetate,  a  mixture  of  the  acetate  of  camphoryloxime  with 
camphoric  anhydride  is  obtained,  from  which  the  latter  can  be  isolated 
in  a  pure  state  by  crystallising  two  or  three  times  from  spirit. 

4. — By  using  only  one  molecular  proportion  of  sodium  ethoxide  to 
one  of  camphoric  anhydride  and  one  of  hydroxylamine  hydrochloride, 
instead  of  the  excess  recommended  by  Errara,  it  is,  however,  possible 
to  avoid  the  formation  of  camphoric  acid  altogether,  and  thus  to 
obtain  a  much  larger  yield  of  camphoryloxime. 

The  camphoric  anhydride  used  in  the  experiments  described  in  the 
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next  paragraph  was  prepared  from  camphoric  acid  by  Maissen's  method 
{Jahresberic/U,  1880,  881)  by  warming  with  acetic  anhydride  and  fused 
sodium  acetate  ;  this  method  gives  a  very  clean  product,  and  is  specially 
well  adapted  for  characterising  small  quantities  of  camphoric  acid. 
Camphoric  anhydride  is  usually  stated  to  be  optically  inactive,  but  it 
yields  active  derivatives,  and  must,  therefore,  itself  be  active  to  a  greater 
or  less  degree.  I  have  determined  the  specific  rotatory  power  of  the 
recrystallised  substance  in  chloroform  solution,  and  have  obtained  an 
observed  rotation  od  =  -  10'  for  a  10  per  cent,  solution  in  a  20  cm. 
tube,  whilst  for  a  20  per  cent,  solution  an  =-20';  camphoric 
anhydride  is,  therefore,  a  Itevorotatory  substance,  its  specific  rotatory 
power  being  [a]D=  -08°  in  chloroform  solution. 

The  method  which  has  been  adopted  in  preparing  camphoryloxime  is 
as  follows  :  35  grams  of  crystallised  camphoric  anhydride  and  7  grams 
of  hydroxylamine  hydrochloride  are  dissolved  in  a  minimum  quantity 
of  boiling  spirit,  and  a  solution  of  5  grams  of  sodium  in  absolute 
alcohol  is  added  gradually.  When  all  the  sodium  ethoxide  has  been 
added,  the  solution  is  made  distinctly  acid  with  hydrochloric  acid,  and 
the  greater  part  of  the  spirit  is  distilled  off ;  after  filtering  off  the 
precipitated  sodium  chloride,  the  solution  is  evapoi'ated  down  on  a 
water  bath  and  the  product  dried  at  100°.  On  treating  the  residue 
with  benzene,  the  camphoryloxime  dissolves  ;  the  solution,  when  evapo- 
rated, leaves  the  oxime  in  a  crystalline  form,  the  yield  amounting  to 
about  80  per  cent,  of  the  camphoric  anhydride  used.  In  order  to  com- 
plete the  purification,  the  substance  is  first  crystallised  from  water 
and  then  dried  and  crystallised  from  dry  ether,  to  obtain  it  in  the 
anhydrous  form. 

The  melting  point  and  specific  rotatory  power  of  the  purified 
oxime  were  accurately  determined,  as  well  as  those  of  the  benzoate  and 
acetate ;  as  a  result,  the  identity  of  Errara's  camphoryloxime  with 
camphonitrophenol  was  completely  established,  as  is  shown  by  the 
following  table. 


Substance. 

,       Melting  point. 

[aJD  (chloroform). 

Oxime  from  nitroeamphor 

, ,        , ,     camphoric  anhydride 

223°  C 
223   C 

+  7-0° 
+  7-0 

Benzoate  from  nitroc Amphor 

,,            ,,     camphoric  anhydride 

138°  C 
138   0 

+  9-3° 
+  9-3 

Acetate  from  nitroeamphor 

,,         ,,      camphoric  anhydride 

115°  C 
115   C 

+  6-8° 
+  6-7 
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It  may  also  be  pointed  out  that  when  the  crystalline  measurements 
of  the  two  preparations  marie  by  Errara  and  by  Morell  ax-e  expressed 
in  a  similar  manner,  they  are  substantially  identical. 

The  hydrochloride  of  nitrocamphor,  which  appears  to  be  the  first 
I>roduct  of  the  action  of  hydrochloric  acid  on  nitrocamphor,  was 
represented  by  Cazeneuve  by  the  formula 

.CH-NOg 
C8Hh<-C/0H    ; 
^Cl 

this  formula  does  not  give  any  adequate  representation  of  the  proper- 
ties of  the  substance,  and  it  is  hoped  that  further  study  will  afford 
the  data  necessary  for  establishing  its  constitution.  It  may,  how- 
ever, be  mentioned  that  a  hydrobromide  has  been  prepared  from 
nitrocamphor  which  behaves  in  an  entirely  different  manner  from  the 
hydrochloride,  and  appears  to  possess  the  properties  of  an  acid 
bromide. 

Erratum. — The  specific  rotatory  power  of  /3a-dibromocamphor  [ajo  = 
+  78°  represents  the  value  obtained  in  a  solution  in  benzene,  and  not 
in  chloi'oform,  as  previously  stated  (this  vol.,  p.  588). 

Chkmical  Department,  City  and  Guilds  of  London  Institute, 
Centual  Technical  College,  South  Kensington. 
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Acids. 

By  Siegfried  Ruhemann,  Ph.D.,  M.A.,  and  A.  V.  Cunnington,  B.A., 
Scholar  of  Christ's  College,  Cambridge. 

After  it  bad  been  found  by  one  of  us  that  ethylic  aconitate  is  readily 
transformed  into  citrazinamide,  and  that,  in  like  manner,  ethylic 
glutaconate  and  its  homologues  condense  with  ammonia  to  form 
pyridine  derivatives,  the  idea  occurred  to  us  to  apply  this  reaction  to 
ethereal  salts  of  unsaturated  acids,  which  stand  in  a  close  relation  to 
glutaconic  and  aconitic  acids,  with  the  view  of  arriving  at  compounds 
belonging  to  the  pyridine  series.  For  the  synthesis  of  such  ethereal 
salts,  a  method  was  proposed  by  A.  Michael  (./.  ;w.  Chem.,  1887,  [ii], 
36,  349),  which  has  since  been  modified  by  Auwers  and  his  pupils 
{Ber.,  1891,  24,  307,  2887). 

Of  these  two  methods,  preference  is  to  be  given  to  that  of  Michael, 
a  modification  of   which  has  been  employed  in   this  researcli,  namely, 
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using  sodium  ethoxide  dried  in  a  vacuum  at  180^,  instead  of  granulated 
sodium  ;  the  details  are  given  in  the  experimental  section. 

In  the  course  of  our  expei-iments,  we  made  the  interesting  observa- 
tion that  a  very  small  quantity  of  sodium  ethoxide  is  sufficient  to  effect 
the  union  of  the  ethereal  salt  of  the  above  acids  with  that  of  the 
unsaturated  acid,  heat  being  developed  in  most  cases. 

The  readiness  with  which  the  combination  takes  place  depends,  not 
only  on  the  nature  of  the  ethereal  salt  of  the  unsaturated  acid,  but 
also  ou  that  of  the  malonic  acid  (or  its  homologue),  and  seems  in  some 
measure  to  be  determined  by  the  negative  character  of  both  reacting 
ethereal  salts ;  for  as  the  negative  character  is  diminished  by 
the  introduction  of  an  alkyl  into  ethylic  malonate,  or  into  the  ethylic 
salt  of  the  unsaturated  acid,  so  does  the  development  of  heat 
decrease. 

Although  this  difference  is  very  evident,  we  intend  to  determine 
the  thermal  variation  in  the  heat  evolution  with  the  view  of 
establishing  fixed  values  for  the  influence  which  groups,  entering 
into  these  ethereal  salts,  exert  on  the  course  of  this  reaction. 

Some  of  the  compounds  described  in  this  paper  have  been  previously 
obtained  by  Michael  and  Auwers,  but  we  thought  it  advisable  to 
analyse  them  for  the  purpose  of  identification,  as  the  boiling  points,  in 
most  cases,  had  been  determined  at  a  pi'essure  different  from  that 
which  we  used. 

Experimental. 
Ethylic  propanetetracarboxylate,  COOCgH^*  CJH<C]prT  pqqP^tt^^. 

The  formation  of  this  ethereal  salt  takes  place  with  the  greatest 
ease. 

A  mixture  of  8  grams  of  ethylic  malonate  (1  mol.)  and  8 '6  grams 
of  ethylic  fumarate  (1  mol.),  on  the  addition  of  0*5  gram  of  sodium 
ethoxide,  turns  yellow  and  becomes  exceedingly  hot ;  the  product  when 
cold  is  acidified  with  dilute  sulphuric  acid,  the  oil  extracted  with  ether, 
and  after  removal  of  the  latter  distilled  under  diminished  pressure  ; 
more  than  15  grams  of  ethylic  propanetetracarboxylate  are  thus 
obtained,  boiling  at  200°  under  a  pressure  of  14  mm. 

The  identity  of  this  product  with  the  compound  obtained  by  Michael 
and  Schulthess  {J.  fr.  Chem.,  1891,  [ii],  45,  56)  is  sufficiently 
established  by  the  boiling  point,  which  they  gave  as  202 — 203° 
(pressure  16  mm.). 

Action  o/  Ammonia  on  Ethylic  Propanetetracarboxylate. — Concen- 
trated aqueous  ammonia  acts  but  slowly  on  the  ethylic  salt,  the  oil 
not  disappearing  for  a  week,  part  of  the  product  appe.iring  as  a  crys 
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talline  deposit  on  the  sides  of  the  vessel ;  this  is  somewhat  soluble  in 
cold  water,  readily  so  on  boiling,  and  crystallises  from  the  aqueous 
solution  in  colourless  prisms  which  melt  with  decomposition  at 
237—238°. 

The  ammoniacal  mother  liquor,  on  concentration,  gives  a  second 
crop  of  the  same  substance,  but  the  whole  amount  which  is  formed 
corresponds  with  about  half  only  of  that  required  by  theory,  the 
remainder  being  converted  into  a  very  soluble  ammonium  salt. 

The  composition  of  the  compound,  as  ascertained  by  analysis,  cor- 
responds with  the  formula  for  the   diamido-imide  of  propanetetra- 

CO-CH-CH2-CONH2 
carboxylic  acid,  NH<^q.(!,jj.(.q^.jj^ 

0-2136  gave  0-3268  CO2  and  0-0904  U.fi.     C  =  41  -73  ;  H  =  4-70. 
0-2192     „     O-337OCO2    „    0-0890  HgO.     0  =  41-92 ;  H  =  4-61. 
0-1800     „     32  c.c.  of  nitrogen  at  16°  and  759  mm.     N  =  21-07. 
C-H9N3O4  requires  C  =  42-21;  H  =  4-52;  N  =  21-ll  percent. 

Action  0/  Bromine  onthe  Ethylic  Salt. — Bromine  acts  on  the  ethereal 
salt  with  formation  of  a  substitution  product.  Although  a  consider- 
able amount  of  heat  is  developed  on  adding  the  halogen  to  the  oil,  yet 
the  reaction  is  not  complete,  a  small  quantity  of  the  reagents  remain- 
ing unaltered.  As  the  bromo-derivative  suffers  decomposition  on 
distillation,  we  analysed  it  after  it  had  been  freed  from  the  brom- 
ine and  its  hydride  by  heating  at  100°  under  diminished  pressure, 
and  allowed  to  stand  in  a  vacuum  over  potash  and  sulphuric  acid  until 
the  weight  was  constant. 

The  following  results  were  obtained  with  samples  from  different 
preparations. 

0-3208  gave  0-1335  AgBr.     Br  =  17-70. 
0-5138     ,,     0-2263  AgBr.     Br=  18-74. 

CjgHogBrOg  requires  Br=  19*46  per  cent. 

The  ethereal  salt  of  the  bromo-acid,  on  heating  at  210 — 215°,  loses 
hydrogen  bromide,  and  the  product,  when  distilled  after  an  hour's 
exposure  to  that  temperature,  yields  an  oil  which  boils  at  195 — 204° 
(pressure  16  mm.),  but  still  contains  a  small  quantity  of  bromine. 

We  have  made  several  experiments  with  the  object  of  obtaining  the 
ethylic  salt  of  propylenetetracarboxylic  acid,  which  appears  to  be  the 
product  formed  when  the  bromo-acid  is  heated.  On  redistilling  the  oil, 
the  amount  of  bromine  is  diminished,  but  its  entire  removal  cannot  be 
accomplished  by  repeating  the  operation  ;  it  is,  however,  effected  by 
digesting  a  solution  of  the  oil  in  absolute  alcohol  with  small  quanti- 
ties of  sodium  ethylate  until  the  presence  of  the  halogen  can  no  longer 
be  detected  by  Beilstein's  test. 
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The  compound  obtained  after  this  treatment  boils  at  198 — 199° 
(pressure  12  mm.). 

The  following  analytical  data  indicate  that  it  is  almost  pure  ethylic 
propylenetetracarboxylate, 

0-2348  gave  04675  CO,  and  0-1515  H2O.     C  =  54-30;  H=:7-16. 
C^-H.^oOg  requires  0  =  54-54  ;  H  =  6-67  per  cent. 

Further  experiments  with  the  view  of  supporting  the  formula  of 
this  product  and  of  transforming  it  into  a  pyridine  derivative  are  in 
progress. 

Ethylic  a-Methylpropanetetracarboxylate. 

This  ethereal  salt  has  been  obtained  before  by  Auwers,  Kobner,  and 
V.  Meyenburg  [Ber.,  1891,  24,  2890)  by  digesting  for  some  hours  on 
the  water  bath  equivalent  quantities  of  ethylic  methylmalonate, 
sodium,  and  ethylic  fumarate  in  alcoholic  solution.  They  find  that 
the  reaction  is  accompanied  by  a  dark  green  coloration,  and  that  the 
oil,  which  separates  on  adding  water  and  dilute  sulphuric  acid,  boils 
at  190 — 210^  under  a  pressure  of  20  mm.  ;  the  chief  portion  at 
196—198°. 

Using  our  modified  method,  the  result  obtained  is  as  follows. 
The  mixture  of  ethylic  fumarate  and  ethylic  methylmalonate,  on 
the  addition  of  0-5  gram  of  sodium  ethoxide,  becomes  yellow  and 
evolves  heat,  which,  however,  is  much  less  than  in  the  case  of  ethylic 
malonate.  The  reaction  is  completed  by  2 — 3  hours  digestion  on  the 
water  bath.  The  oil,  after  washing  with  dilute  sulphuric  acid,  boils  at 
201°  (pressure  12  mm.),  only  a  very  small  quantity  distilling  below 
that  temperature  ;  cZ  26726°=  1-1153. 

The  analytical  numbers  correspond  with  the  formula  for  ethylic 
methylpropanetetracarboxylate, 

COOC  H  .CH<^^^"^3)(COOC.^H5)2 
^^^^■2^0  '"^^CH,-C00C2H. 

0-2445  gave  0-4958  00^  and  0-1642  K.p.     C  =  55-30;  H  =  7-46. 
CjgHjgOg  requires  0  =  55*49;  H  =  7-51  per  cent. 

Ethylic  Ethylp'opanetetracarhoxylate . 

The  heat  which  is  evolved  on  the  addition  of  0-5  gram  of  sodium 
ethoxide  to  the  mixtui-e  of  equivalent  quantities  of  the  ethereal  salts 
of  ethylmalonic  and  f  umaric  acids  is  very  small,  and  the  time  of  diges- 
tion required  for  the  completion  of  the  reaction  much  longer  than  in 
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tlie  former  cases.  After  4  hours  heating  on  the  water  bath,  only  partial 
combination  has  taken  place,  but  the  fraction  of  low-boiling  point, 
containing  the  unaltered  ethereal  salts,  on  prolonged  warming  with  a 
little  sodium  alcoholate,  is  also  transformed  into  ethylic  ethylpropane- 
tetracarboxylate,  which  distils  at  203 — 204°  (pressure  11  mm.)  ; 
ri  23723°=  1-1042. 

The  result  of  the  analysis  agrees  with  the  formula 

coon  H  .nH<^^^^2H5)(COOC2H5)2 

0-2437  gave  0-5015  CO2  and  0-1705  H^O.     C  =  56-12;  H  =  7-77. 
Cj-HggOg  requires  C  =  56-66;  H  =  7-77  per  cent. 


Ethylic  Isop'opylpropanetetracarhoxylate. 

Auwers  and  his  pupils  {loc.  cit.),  who  prepared  this  ethereal  salt  by 
the  combination  of  the  sodium  derivative  of  ethylic  isopropylmalonate 
and  ethylic  fumarate,  give  the  boiling  point  as  205 — 206°  (pressure 
19  mm.).     They  did  not,  however,  analyse  the  compound. 

The  union  of  the  two  salts  takes  place  readily  on  treatment  by  our 
method,  and  is  almost  complete  after  3 — 4  hours  warming  on  the 
water  bath. 

The  compound  boils  at  204 — 205°  (pressure  12  mm.),  and  has  the 
sp.  gr.  cZ  27727°=  1-0964. 

The  formula  of  the  compound 

COOO  H  -CH^^^^sHr)  (^0002115)2 
^^^^2*15  '"^^CH2-COOC2H5 

is  verified  by  the  following  analytical  result. 

0-2162  gave  0-4545  COg  and  0-1550  H2O.     C  =  57-33  ;  H  =  7-96. 
CigHgoOg  requires  0  =  5775;  H  =  8-02  per  cent. 


Ethylic   ^-Methyljyropanetetracarhoxylate. 

The  experiments  described  above  show  the  influence  which  the 
introduction  of  hydrocarbon  groups  into  tlie  molecule  of  ethylic 
malonate  has  on  the  interaction  of  the  resulting  ethereal  salts  and 
ethylic  fumarate,  and  an  analogous  difference  is  found  when  using  the 
ethylic  salt  of  a  homologue  instead  of  ethylic  fumarate.  As  ethylic 
mesaconate  was  not  at  our  disposal,  we  took  ethylic  citraccnate. 
The  mixture  of  the  ethylic  salts  of  citraconic  and  malonic  acids,  on 
adding  sodium  ethoxide,  becomes  only  slightly  warm,  and  several 
hours  digestion  on  the  ■vsater  bath  is  necessary  to  effect  their  union. 
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The  chief  portion   of   the  oily   product    boils  at  200 — 201"  (pressure 
12  mm.)  and  has  the  density  cZ  25725°  =  1 -1055. 

The  result  of  the  analysis  is  in  accordance  with  tlie  formula  for 
ethylic  ^-methylpropanetetracarboxylate. 

C00C,H..C(CHXgg<S)O°4'^^ 

0-2368  gave  0-4805  COg  and  0-1580  HgO.    C  =  55-34  ;  H  =  7-41. 
CigHgfiOg  requires  C  =  55-49  ;  H  =  7-51  per  cent. 

This  ethereal  salt  also  had  been  prepared  before  by  Michael  and 
Sohulthess  {loc.  cit.)  and  by  Anwei-s  {Ber.,  1891,  24,  2894)  by  heating 
on  the  water  bath  a  mixture  of  ethylic  malonate  and  ethylic  citraconate 
with  an  alcoholic  solution  of  sodium  ethoxide. 


Ethylic  Cyanotricarhallylate. 

Ethylic  cyanacetate  (4-3  grams)  reacts  with  ethylic  fumarate 
(4  8  grams)  in  the  presence  of  sodium  ethoxide  (0-5  gram)  with  great 
evolution  of  heat ;  after  one  hour's  subsequent  digestion  on  the 
water  bath,  the  union  is  complete.  The  product,  on  treatment  with 
dilute  sulphuric  acid,  extraction  with  ether,  &c.,  and  two  rectifica- 
tions, yields  a  pale  yellow  oil  (about  6  grams)  which  boils  at  197 — 199° 
^pressure  11  mm.) ;  d  26726°-  1-1257. 

On  analysis,  the  following  numbers  were  obtained,  which  correspond 
with  the  formula 

COOC,H,CH<gH(CN,COOC,H, 

0-2588  gave  0-5205  CO^  and  0-1605  H^O.     C  =  54-85;  H  =  6-88. 
Ci^HjgNOg  requires  C  =  54-73  ;  H  =  6-67  per  cent. 

Miiller  (ComjJt.  rend.,  1892,  114,  1204),  who  obtained  this  ethereal 
salt  by  heating  a  mixtui^e  of  ethylic  cyanacetate  and  ethylic  fumarate 
with  an  alcoholic  solution  of  sodium  ethoxide,  found  that  it  boiled  at 
180 — 190°  under  a  pressure  of  15 — 20  mm. 

Ethylic  iso-A  mylidenedimcdonate . 

The  action  of  ethylic  malonate  on  ethylic  iso-amylidenemalonate  in 
the  presence  of  sodium  ethoxide  is  quite  in  accordance  with  the  view 
expressed  before  as  to  the  influence  which  the  negative  character  of 
the  ethereal  salts  has  on  their  power  of  combining. 

Ethylic  isoamylidenemalonate  was  prepared  by  the  method 
Komnenos  {Anncdtn,  218,  107)  used  for  obtaining  ethylic  etLjl- 
idenemalonate,    namely,  b}   heating    a    mixtuie    of    ethjlic  nalciate 
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(32  grams),  acetic  anhydride  (32  grams),  and  valeraldebyde  (25  grams) 
at  100^  in  a  soda-water  bottle  for  3 — 4  days.  The  liquid  is  then 
distilled,  at  the  ordinai'y  pressure,  to  remove  unaltered  aldehyde  and 
acetic  anhydride,  and  the  oily  residue  fractionated  under  diminished 
pressure.  After  repeated  rectifications,  the  ethereal  salt  is  obtained 
as  a  colourless  oil  which  has  an  odour  of  valeraldebyde,  and  boils  at 
133— 135°  (11  mm.). 

The  following  analytical  results  correspond  with  the  formula 

(ch3)2CH-ch2-ch:c(cooc2H5)2. 

0-2168  gave  0-5034  CO2  and  0-1718  HgO.  C  =  63-32;  H  =  8-80. 
C12H20O4  requires  C  =  63-15  ;  H  =  8-77  per  cent. 

The  yield  is  unsatisfactory,  as  from  the  above  quantities  only 
13-5  grams  of  the  ethereal  salt  were  obtained,  a  large  portion  of  the 
reagents  remaining  unaltered,  even  on  heating  the  mixture  at  150° 
for  8 — 10  hours. 

On  the  addition  of  0*5  gram  of  sodium  ethoxide  to  the  mixture  of 
8  grams  of  ethylic  iso-amylidenemalonate  and  5-7  grams  of  ethylic 
malonate,  a  strong  development  of  heat  takes  place ;  after  being  al- 
lowed to  stand  for  an  hour,  the  compound  is  isolated  as  in  the  former 
cases.  The  pale  yellow  oil  obtained  after  two  rectifications  amounts 
to  about  9  grams,  and  boils  at  ;208— 209°  (at  12  mm.);  d  27°/27°  = 
1-0645. 

The  result  of  the  analysis  agrees  with  the  formula  for  ethylic 
iso-amylidenedimalonate, 

(CH3)2CH-CH2-CH-CH(COOC2ll5)2 
CH(COOC2H5)2 

0-2482  gave  0-5375  CO,  and  0-1840  H2O.    C  =  59-0;    H  =  8-23. 
C19H32O3  requires  C  =  58-76  ;  H  =  8-22  per  cent. 

Ethylic  Propanepentacarhoxylate. 

Bishop  and  Perkin  (Proc.  Chem.  Soc,  1891,  41)  some  years  ago, 
by  the  interaction  of  ethylic  dichloracetate  and  ethylic  monosodio- 
malonate,  obtained  the  ethereal  salts  of  ethylenetricarboxylic  acid, 
(COOC.,Hg),CICH'COOC2H5,  and  of  propanepentacarboxylic  acid, 
(COOC2Hj.)2CH-CH(COOC2H5)-CH(COOC2H,)2. 

We  have  repeated  their  experiment  with  the  object  of  ascertaining 
whether  the  ethylic  salt  of  the  unsaturated  acid,  in  the  presence  of 
sodium  ethoxide,  condenses  with  ethylic  malonate  to  form  ethylic  pro- 
panepentacarboxylate. 

The  action  of  ethylic  dichloracetate  on  ethylic  malonate  and  sodium 
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ethoxide  in  alcoholic  solution  takes  place  very  slowly,  and  is  not  com- 
plete, even  on  heating  the  mixture  at  100°.  The  product,  after  re- 
moval of  the  alcohol,  is  mixed  with  water,  extracted  with  ether,  &c., 
and  fractionally  distilled  several  times  before  fractions  can  be  obtained 
of  constant  boiling  point.  One  of  these,  ethylic  ethylenetricarboxylate, 
is  a  colourless  oil  which  distils  at  158°  (pressui'e  12  mm.),  and  has  the 
density  ci  27°/27°=  1-0888.  Bishop  and  Perkin  found  that  it  boiled 
at  203—205°  (pressure  100  mm.). 

The  analytical  results  correspond  with  the  formula  given  above. 

0-2187  gave  0-4315  CO.,  and  0-1360  H,0.     C  =  53-81  ;  H  =  6-90. 
^11^16^6  requires  C  =  5409  ;  H  =  6-56  per  cent. 

The  fraction  of  higher  boiling  point  obtained  in  the  above  reaction, 
after  repeated  fractionations,  yields  a  viscid  oil  which  distils  at 
223—225°  under  a  pressure  of  10  mm. ;  d  27°/27°=  1-1418.  (Bishop 
and  Perkin  observed  the  boiling  point  to  be  265°  at  a  pi'essure  of 
80  mm.) 

The  following  analytical  data  coi-respond  with  the  formula  for 
ethylic  propanepentacarboxylate. 

0-2258  gave  0-4445  CO,  and  0-1450  H,0.     C  =  53-68  ;  H  =  7-13. 
^18^28^10  requires  C  =  53-46  ;  H  =  6-93  per  cent. 

This  ethereal  salt  can  also  be  obtained  from  ethylic  ethylenetri- 
carboxylate by  mixing  the  latter  with  the  equivalent  quantity  of 
ethylic  malonate  and  a  little  sodium  ethoxide,  the  reaction  being 
accompanied  by  a  marked  evolution  of  heat.  The  identity  of  the  com- 
pound thus  formed  and  ethylic  propanepentacarboxylate  was  proved 
by  its  boiling  point. 

Ethylic  Propanehexacarhoxylate. 

A  further  support  for  the  view  as  to  the  influence  of  the  negative 
chai'acter  of  the  ethereal  salts  on  the  course  of  the  reaction  is  afforded 
by  the  behaviour  of  ethylic  malonate  towards  ethylic  ethylenetetra- 
car  boxy  late  (ethylic  dicarbintetracarboxylate)  in  the  presence  of 
sodium  ethoxide.  The  mixture  becomes  very  hot,  and  the  action  is 
complete  after  1  hour's  digestion  on  the  water  bath,  ethylic  pi'opane- 
hexacarboxylate  being  formed. 

CH,(C00C.,H.),  +  (C00C,H3)2C:C(C00C2H5),  = 
(Cb0C;H5)2C[CH(C00C2H5),],. 

The  compound  distils  at  246°  under  a  pressure  of  15  mm.,  and  is  a 
very  viscous,  yellow  oil. 

On  analysis,  the  following  numbers  were  obtained. 
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0-2410  gave  0-4675  CO2  and  0-1480  H^O.     C  =  52-90  ;  H  =  6-82. 
^21^32^12  I'equires  C  =  r>2-94;  H  =  6-72  per  cent. 

Ethylic  Bulanepentacarhoxylate. 

Auwers  [Ber.,  1893,  26,  364),  on  examining  the  product  formed  by 
digesting  a  mixture  of  ethylic  malonate  and  the  ethereal  salt  of  an  un- 
saturated acid  with  sodium  ethoxide  dissolved  in  alcohol,  was  led  to 
the  conclusion  that,  on  using  the  ethylic  salts  of  unsaturated  dicarb- 
oxylic  acids,  the  reaction  proceeded  in  one  direction  only,  but  that  it 
was  complicated  when  salts  of  unsaturated  tricarboxylic  acids  were 
used.  He  studied  especially  the  interaction  of  ethylic  sodiomalonate 
and  ethylic  aconitate,  and  from  the  product  of  their  condensation  suc- 
ceeded in  isolating  three  acids,  one  of  which  was  butanetetracarboxylic 
acid,  CH2(COOH)-CH(COOH)-CH(COOH)-CH2-COOH.  That  other 
acids  are  produced  besides  this  is  undoubtedly  due  to  the  fact  that 
ethylic  aconitate  itself  is  readily  acted  on  by  sodium  alcoholate ; 
indeed,  on  adding  a  trace  of  sodium  alcoholate  in  the  dry  state  or  in 
alcoholic  solution  to  the  ethereal  salt,  a  deep  i-ed  coloration  is  pro- 
duced, and  on  treating  this  red  liquid  with  an  acid,  the  colour  dis- 
appears and  an  oil  is  obtained  which  decomposes  on  distillation  under 
diminished  pressure  ;  the  results  of  the  investigation  of  this  reaction 
will  be  published  at  some  future  date.  This  serves  to  explain  Auwers' 
observation. 

On  applying  our  method,  however,  we  find  that  the  interaction  of 
ethylic  aconitate  and  ethylic  malonate  takes  place  with  the  forma- 
tion of  one  product  only,  namely,  ethylic  butanepentacarboxylate  ;  the 
mixture  becomes  warm  and  acquires  a  yellow  colour ;  after  standing 
at  the  temperature  of  the  room  for  1|-  hours,  about  half  the  quantity 
of  the  ethereal  salts  has  entered  into  combination.  The  yield  of 
ethylic  butanepentacarboxylate  is  very  satisfactory  (moi*e  than  80  per 
cent,  of  the  theoretical)  if  the  mixture  is  heated  on  the  water  bath 
for  a  few  hours.  The  product  is  a  slightly  yellowish  oil  which  boils 
without  decomposition  at  232—233°  (pressure  12  mm.)  ;  d  21721°  = 
1-0660. 

The  analytical  values  correspond  with  the  formula  given  above. 

0-2685  gave  0-5362  COg  and  0-1730  H.p.     0  =  5446;  H  -  7-16. 
CjgHgQOjQ  requires  0  =  54-54  ;  H  =  7-17  per  cent. 

Ethylic  PlienyljyrojMnetricarhoxylate. 

The  sodium  derivative  of  this  ethereal  salt  is  the  product  which  is 
formed  by  the  union  of  ethylic  sodiomalonate  and  ethylic  cinnamate. 
According  to  Michael's  "positive-negative"  theory  of  addition,  this 
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combination    takes  [place   in  the   manner   indicated  by  the  following 
equation, 

OgH--  CHICH-  COOC2H5  +  CHNa(COOC2H.)2  =  CgHg-  CHNa-COOO^H, 

CH(COOC2H5)2  "• 

The  combination,  as  Michael  (/.  pr.  Chem.,  1887,  [ii],  35,  351) 
found,  is  effected  on  keeping  the  mixture  of  the  two  compounds,  in 
absolute  alcohol,  for  several  days. 

The  action  of  sodium  ethoxide  (0'5  gram)  on  a  mixture  of  the 
ethylic  salts  of  malonic  and  cinnamic  acids,  we  find,  differs  most 
markedly  from  the  action  which  takes  place  in  the  cases  recorded 
above,  as  no  evolution  of  heat  is  noticeable. 

Combination  takes  place  very  slowly,  even  at  100°,  with  formation 
of  ethylic  phenylpropanetricarboxylate,  which  is  characterised  as  such 
by  the  boiling  point,  which  was  observed  to  be  216°  (pressure  14  mm.), 
whilst  Michael  gives  it  as  213 — 215°  (pressure  15  mm.). 

Ethylic  Phenylprojiylenetricarboxylale. 

Ethylic  sodiomalonate,  as  shown  by  Michael  {J.  pr.  Chem.,  1894, 
[ii],  49,  20)  combines  with  the  ethereal  salts  of  acids  belonging  to  the 
acetylene  series,  and  this  reaction  gives  rise  to  ethereal  salts  of  un- 
saturated polycarboxylic  acids. 

On  using,  for  instance,  ethylic  phenylpropiolate,  ethylic  phenyl- 
propylenetricarboxylate  is  formed,  according  to  the  equation, 

CgHj-CiC-COOOgHs  +  0B..^{GOO0,^YL.X  =  C(CgH5):CH-  COOC^Hg 

CH(C0002H,), 

The  combination  of  these  ethereal  salts,  in  woi'king  according  to 
Michael's  directions,  takes  place  rather  slowly,  whilst  we  find  that  it 
is  readily  effected  by  the  addition  of  a  small  quantity  of  sodium 
ethoxide.  The  reaction,  which  is  accompanied  by  evolution  of  heat, 
is  aided  by  subsequent  warming  on  the  water  bath  for  3 — 4  hours. 
The  dark  red  oil,  thus  obtained,  is  mixed  with  dilute  sulphuric  acid,  ex- 
tracted with  ether,  &c.,  and  distilled  under  diminished  pressure.  The 
distillation  is  accompanied  by  partial  decomposition,  as  was  observed  by 
Michael,  but  the  yellow  oil  which  passes  over  between  215"  and  220°, 
at  a  pressure  of  about  11  mm.,  d  27°/27°=  1-1232,  is  sufficiently  pure, 
as  indicated  by  the  following  analysis. 

0-2145  gave  0-5100  COg  and  0-1295  H^.     C  =  64-89  ;  H  =  6-70. 
C^gH^gOg  requires  C  =  64-67  ;  H  =  6-58  per  cent. 

The  ethereal  salts  of  unsaturated  acids,  which  are  thus  formed,  will 
be   isomeric  with  those  which  result  from   the  removal  of  hydrogen 
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bromide  from  the  bromo-substitution  products  of  the   corresponding 
salts  of  the  saturated  series  of  acids. 

Their  fui'ther  study,  with  the  object  of   transforming  them   into 
pyridine  derivatives,  will  form  the  subject  of  a  future  communication. 

GONVILLK   AND   CaIUS   COLLEGE, 

Cambridge. 


C. —  Yellow  Colouring  Principles  contained  in  Various 
Tannin  Matters.  Part  VI.  Rhus  Cotinus  a7id  Rhus 
Rhodanthema. 

By  Arthur  George  Perkin,  F.R.S.E. 

As  in  a  previous  investigation  (Trans.,  1896,  69,  1299)  the  coloux-ing 
of  Sicilian  sumach,  R.  Coriaria,  was  found  to  be  myvicetin,  and  not 
quercetin  as  stated  by  Lowe  {Zeit.  anal.  Cliem.,  1874,  12,  127),  it  seemed 
desirable  to  re-examine  the  Venetian  variety,  B.  Cotinus,  in  which  he 
had  also  detected  the  presence  of  quercetin.  As  is  well  known,  the  wood 
of  this  tree,  young  fustic,  contains  fisetiu,  and  consequently  it  would 
be  particularly  interesting  to  ascertain  whether  quercetin,  a  more 
highly  oxidised  colouring  matter  of  the  same  group,  existed  in  the 
leaves.  Considerable  difficulty  was  experienced  in  obtaining  a  Venetian 
sumach  of  trustworthy  origin,  as  this,  like  the  Sicilian  variety,  is  often 
adulterated  ;  a  commercial  sample  in  the  form  of  powder,  for  which 
I  am  indebted  to  the  kindness  of  Mr.  A.  Gilardini,  of  Turin,  was 
examined  (Trans.,  1897,  71,  1136),  but  the  results  were  considered 
untrustworthy,  the  material  being  evidently  impure.  Eventually,  I 
was  successful  in  obtaining  an  introduction  to  Messrs.  Dammann 
and  Co.,  San  Giovanni,  near  Naples,  who  were  good  enough  to  send 
me  leaves  specially  plucked  from  trees  growing  on  their  own  farm. 

The  ground  leaves  were  extracted  with  10  times  their  weight  of  boil- 
ing water,  filtered  through  calico,  and  the  filtrate,  while  hot,  ti'eated 
with  lead  acetate  solution  as  long  as  a  precipitate  was  formed  ;  this  was 
collected,  decomposed  with  boiling  dilute  sulphuric  acid,  the  lead 
sulphate  removed,  the  clear  liquid  extracted  with  ether,  and  the 
ether  evaporated,  when  a  crystalline  residue  was  left ;  this,  on  being 
treated  with  water,  deposited  a  yellow,  flocculent  precipitate  of  the 
colouring  matter,  which,  after  being  washed  with  water  and  with 
chloroform,  was  purified  by  crystallisation  from  dilute  alcohol. 

0-1086  gave  0-2237  CO2  and  0-0347  H2O.     C  =  56-18  ;  H  =  3-54. 
CjjHjQOg  requires  C  =  56-60;  H  =  3-14  per  cent. 
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It  forms  a  glistening  mass  of  pale  yellow  needles,  which  in  alco- 
holic solution  gave,  with  lead  acetate,  an  orange-red  precipitate,  and 
with  ferric  chloride  a  brownish-black  coloration.  Dilute  alkalis  dis- 
solved it  with  a  deep  green  tint. 

The  acetyl  derivative  crystallised  from  alcohol  in  colourless  needles 
melting  at  204—206°. 

0-1080  gave  0-2240  COg  and  0-0390  H2O.     C  =  56-57  ;  H  =  4-01. 
CisHAlCaHgO)^  requires  0  =  56-84  ;  H  =  3-86  per  cent. 

Fusion  with  alkali  gave  phloroglucinol,  and  gallic  acid  crystallising 
in  colourless  needles  which  melted  at  236 — 237°.  The  colouring 
matter  of  Venetian  sumach  (R.  Cotinus)  is  therefore  myricetin,  and 
Lowe's  statement  that  it  contains  quercetin  is  incorrect.  The  yield 
of  myricetin  from  the  leaves  is  approximately  0-1  per  cent. 

Tanning  Properties. — As  no  record  of  the  tanning-properties  of  these 
leaves  could  be  found,  it  appeared  desirable,  while  in  possession  of  a 
pure  sample,  to  submit  them  to  examination.  Professor  Procter  was 
good  enough  to  vindertake  tjiis,  and  I  am  indebted  to  him  for  the  fol- 
lowing account  of  his  results 

Tanning  matter 16-7  per  cent. 

Soluble  non-tannins    14-4         ,, 

Insoluble  at  60°  F.  percent....  57*5         ,, 

Water 11-4 


100-0 


It  gives  a  light-coloured  leather,  although  slightly  darker  than  that 
produced  by  R.  Coriaria,  the  tannin  content  of  the  latter  (about  21 
per  cent.)  is,  however,  greater.  According  to  Watt  {Diet,  of  Econ. 
Products  of  India,  vol.  vi.,  p.  495),  an  unlimited  supply  of  this 
material  exists  in  India,  on  the  lower  Himalaya,  it  is,  however,  but 
little  used  except  by  native  tanners.  It  is  difficult  to  understand 
why  no  greater  outlet  is  found  for  so  valuable  a  material,  unless  the 
Indian  pi'oduct,  through  circumstances  of  climate  and  cultivation,  is  of 
much  poorer  quality  than  the  above. 

Rhus  Rhodanthema. 

The  results  of  the  examination  of  the  wood  of  this  tree  (Trans., 
1897,  71,  1194)  showed  that,  like  R.  Cotinus,  it  contained  fisetin, 
although,  on  the  other  hand,  the  glucoside  present  was  not  identical 
with  Schmid's  fustin  {Ber.,  1886,  19,  1735).  Of  the  numerous  species 
of  Rims  examined  up  to  the  present,  only  R.  Cotinus  and  R.  rhodanthema 
are  known  to  contain  colouring  matter  in  the  stem,  although  from  the 

VOL.  LXXIII.  3  y 
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description  given  it  seems  probable  that  the  Indian  varieties,  H. 
insignis,  onysorensis,  i-)arv\flora,  and  wallachi  {WittCs  Diet.  Eco- 
nomic Products  of  India,  vol.  vi.,  p.  496)  resemble  them  in  this 
respect.  A  comparison  of  the  New  South  Wales  and  Venetian 
sumachs  was  therefore  interesting,  to  determine  if  in  the  former  case 
the  leaves  also  contain  a  colouring  matter  distinct  from  that  occurring 
in  the  stem.  For  the  material  employed,  I  am  indebted  to  the  kind- 
ness of  Mr.  H.  G.  Smith,  of  the  Botanical  Museum,  Sydney.  It  has 
not  been  previously  examined.  When  digested  with  boiling  water,  the 
ground  leaves  emitted  a  pungent  odour  resembling  that  of  eucalyptus 
oil,  and  the  hot  mixture  filtered  so  imperfectly  that  it  was  necessary  to 
squeeze  it  through  calico  and  remove  the  final  traces  of  extract  by 
strong  pressure.  From  the  hot,  opaque  filtrate,  the  colouring  matter 
was  isolated  by  the  method  employed  with  R.  Cotinus,  and  the  yellow, 
flocGulent  product  purified  by  crystallisation  from  dilute  alcohol, 

0-1050  gave  0-2306  CO.^  and  0-0368  H.p.     C- 59-89  ;  11  =  3-89. 
C^jHjqO-  requires  C  =  59-60  ;  H  =  3-31  per  cent. 

It  consisted  of  glistening,  yellow  needles,  soluble  in  dilute  alkalis 
with  a  yellow  coloration,  and  giving,  with  alcoholic  lead  acetate,  an 
orange-red  precipitate.  The  yield  obtained  was  0-05  per  cent.  The 
acetyl  derivative  formed  colourless  needles  melting  at  189 — 191°. 

0-1127  gave  0-2416  COo  and  0-0420  H2O.     C  =  58-46  ;  H  =  4-14. 
Q\r^.^O^{C.^llf>)\  requires  C  -  58-59  ;  H  =  3-90  per  cent. 

As  by  fusion  with  alkali  phloroglucinol  and  protocatechuic  acid 
were  obtained,  no  doubt  could  exist  that  this  colouring  matter  was 
quercetin. 

The  aqueous  filtrate  from  the  crude  colouring  matter  contained  a 
considerable  quantity  of  gallic  acid,  and  this,  together  with  the  fact 
that  the  leaves  dye  iron  mordanted  fabrics  a  blue-black,  indicates  the 
presence  of  gallotannic  acid.* 

'fanning  jn'operties. — These  were  examined  by  Prof.  Procter  at  the 
request  of  Mr.  H.  G.  Smith,  with  the  object  of  ascertaining  their 
commercial  value. 

Tanning  matter 9  5  per  cent. 

Solul)le  non-tannins    9-1        ,, 

Insoluble  at  60'^  F 71-0 

Water 10-4       „ 


100-0 


'  Ai>paieutly  gallotannic  aciil  exists  in  the  leaves  of  all  species  of  Rhus,  for  the 
late  Prof,  llcni-y  Trimble  has  isolatoil  this  substance  from  a  groat  nuinlior  of 
varieties  (private  coniiuunicatiou). 
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Leather  tanned  by  these  leaves  has  a  considerably  darker  and 
redder  colour  than  that  produced  by  the  E.  Coriaria  or  R.  Cotinus,  and 
obviously  a  much  larger  quantity  is  necessary  to  obtain  the  same 
tanning  effect.  From  this,  it  will  be  seen  that  they  cannot  be  utilised 
other  than  locally. 

The  above  results  show  that  the  leaves  of  R.  Cotinus  and  R.  rhodan- 
thema  contain  respectively  myricetin  and  quercetin,  although  in  each 
case  the  yellow  colouring  matter  of  the  stem  is  fisetin.  That  the 
leaves  of  these  plants  should  contain  colouring  matters  which  belong 
probably  to  the  same  group  as  fisetin,  and  differing  from  it  only  in  the 
possession  of  more  hydroxyls,  is  not  only  botanically  interesting,  but 
suggests  a  source  of  colouring  matters  which  may  possess  much 
scientific  interest.  The  results  in  this  direction,  however,  have 
hitherto  been  disappointing,  for  the  leaves  of  Artocarjms  integrifolia, 
the  wood  of  which  contains  morin  and  cyanomaclurin  (Trans.,  1895, 
97,  937);  A.  incisa,*  the  bread  fruit  tree  ;  and  A.  lakoocha,  procured 
through  the  kindness  of  Mr.  J.  Ingelby,  of  Leeds,  were  either  devoid 
of  or  contained  such  minute  traces  of  colouring  principles  that  it  was 
hopeless  to  attempt  their  further  examination.  On  the  other  hand, 
the  leaves  of  the  logwood  tree  [Hcematoxylon  campechiamtm)  of  old 
fustic  {MoTus  tinctoria),  the  madder  plant,  and  Polygonum  cuspidatum 
contain  sufficient  colouring  matter  for  investigation,  and  efforts  are 
being  made  to  procure  these  and  the  leaves  of  other  well-known  dye- 
stutt's,  with  the  hope  that  they  may  give  interesting  results. 

Clothworkers'  Research  Laboratory, 
Dyeing  Department, 

Yorkshire  College. 


CI. — Colouring  Matters  of  the  Neiv  Zealand  Dyewood 
Puriri,    Vitex  littoralis.     Part  I. 

By  Arthur  George  Perkin,  F.E.S.E. 

My  attention  was  first  directed  to  this  yellow  dye-stuff  by  Sir  Thomas 
Wardle,  who,  on  behalf  of  Mr.  A,  G.  Purchas,  of  Epsom,  Auckland, 
forwarded  me  about  two  years  ago  a  small  sample  for  an  opinion  as  to 
its  commercial  value.  The  experiments  then  made  indicated  that  it 
possessed  but  half  the  strength  of  quercitron  bai^k  or  old  fustic, 
moreover,  its  dyeing  properties  were  somewhat  peculiar  and  suggested 

*  The  wood  of  tliis  tree  is  also  devoid  of  colouriug  matter. 

3  Y  2 
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the  presence  of  a  new  colouring  matter.  With  the  object  of  ascertain- 
ing if  this  was  the  case,  and  a  desire  to  be  quite  certain  of  the  com- 
mercial utility  or  otherwise  of  this  matei-ial,  application  was  made  to 
]\Ir.  Purchas  for  a  larger  supply,  and  my  thanks  are  due  to  him  for 
the  very  cordial  and  liberal  manner  in  which  he  acceded  to  my 
i-equest.  To  him,  and  also  the  authorities  of  the  Royal  Gardens,  Kew, 
I  am  indebted  for  the  following  account  of  this  plant. 

The  Vitex  Uttoralis  or  "  Puriri "  is  a  large  tree,  forty  to  sixty  feet 
high  and  three  to  five  feet  in  diameter,  which  grows  only  in  the 
northern  portion  of  the  North  Island  of  New  Zealand,  where  it  has 
been  somewhat  ruthlessly  destroyed  by  the  settlers.  The  wood  affords 
a  very  durable  timber,  which  takes  a  fine  polish,  but  is  chiefly  used 
for  house  blocks,  fencing  posts,  piles  for  bridges,  railway  sleepers,  &c. 
When  growing,  it  is  the  natural  food  of  the  larvee  of  a  beautiful  green 
moth  (the  Puriri  moth)  which  excavates  large  and  long  channels 
though  the  solid  timber,  but  which  does  not  in  any  way  cause  it  to 
rot,  and  does  not  attack  it  in  the  worked  up  condition.  It  varies 
in  colour,  the  heart  wood  being  brown,  and  the  sap  wood  yellow. 
Although  Mr.  Purchas  states  that  all  portions  of  the  tree  contain  more 
or  less  colouring  matter,  its  properties  as  a  dye-stuff  appear  to  be  little 
known. 

I  am  indebted  to  Messrs.  James  Richardson  and  Co.,  of  Leeds,  for 
their  kindness  in  grinding  the  wood,  for  its  hard,  solid  nature  did  not 
permit  of  its  reduction  in  the  laboratory  to  a  condition  suitable  for 
extraction. 

Experimental. 

The  finely  ground  wood,  in  portions  of  1  kilo,  at  a  time,  was  boiled 
with  10  times  its  weight  of  water  for  8  hours,  the  insoluble  residue 
being  collected,  washed  with  water,  and  well  pressed,  and  one  extrac- 
tion was  usually  sufficient  owing  to  the  readily  soluble  natui^e  of  the 
colouring  matter.  The  light  brown  extract,  on  evaporation,  became 
much  darker,  and  an  almost  black,  treacly  residue  was  left ;  this  was 
digested  with  alcohol,  filtered  from  a  brown,  tarry  product  devoid  of 
tinctorial  property,  and  the  orange-brown  filtrate  evaporated  to  dry- 
ness, when  a  dull,  orange-coloured,  transparent,  vitreous  residue  was 
left.  As  experiment  showed  that  the  colouring  matter  was  here 
pre.sent  as  a  glucoside,  it  was  decomposed  in  the  following  manner. 

To  750  c.c.  of  an  aqueous  solution  of  the  substance,  30  c.c.  of 
hydrochloric  acid  was  added,  and  the  mixture  boiled  in  a  porcelain 
dish  with  continued  stirring ;  the  liquid  rapidly  became  red,  and  a 
black,  tarry  mass  gradually  separated  accompanied  by  the  evolution  of  a 
somewhat  acrid  vapour  ;  finally,  a  viscous,yellow  product  was  deposited. 
After  standing  12  houx's,  the  acid  liquid  was  removed  by  decantation, 
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the  semi-solid  mass  repeatedly  washed  by  agitation  with  water,  well 
drained,  and  digested  with  boiling  alcohol,  when  a  pale  yellow,  crys- 
talline powder  was  left  ;  this  was  collected,  washed  with  boiling 
alcohol  until  the  filtrate  was  colourless,  the  filtrate  and  washings,  A, 
being  reserved  for  examination.  In  the  earlier  experiments,  this  sub- 
stance was  purified  by  crystallisation  from  a  very  large  bulk  of  alcohol, 
but  it  soon  became  evident  from  its  very  sparing  solubility  in  this, 
and  in  fact  all  solvents,  that  such  a  method  was  only  practicable  for 
very  small  quantities  of  material ;  a  better  way  consisted  in  acidifying 
a  boiling  alkaline  solution  diluted  with  its  own  bulk  of  alcohol,  col- 
lecting the  ci-ystalline  deposit  while  hot,  and  washing  it  with  boiling 
alcohol  and  acetic  acid.  The  method  eventually  adopted  was,  however, 
to  prepare  the  pure  acetyl  derivative  and  reconvert  this  into  the 
colouring  matter  in  the  usual  manner.  Unfortunately,  as  is  often  the 
case,  some  loss  was  here  experienced  by  the  formation  of  secondary 
products  during  the  acetylation.  The  yield  was  approximately  2  per 
cent.  Of  the  subjoined  analyses,  1  and  2  represent  the  colouring 
matter  crystallised  from  alcohol,  and  3  that  regenerated  from  the 
acetyl  derivative. 


0-1076 

gave  0-2307  00^  and  0-0455  Tip. 

0  =  58-47;  H-4-69. 

0-1154 

„     0-2481  col    „     0-0490  HoO. 

0  =  58-63;  H  =  4-71. 

0-1237 

„     0-2662  00^    „     0-0510  H2O. 

0  =  58-69;  H  =  4-58. 

C15H14O7  requires  0  =  58-82  ;  H  = 

:  4-57  per  cent. 

C^.H^A        „        C  =  58-62  ;H  = 

=  4-59 

Vitexin,  the  name  proposed  for  this  colouring  matter,  is  a  bright, 
canary-yellow,  crystalline  powder  consisting  of  minute  prismatic  or 
fine  hair-like  needles,  according  to  the  process  adopted  for  its  purifica- 
tion. It  is  very  sparingly  soluble  in  alcohol,  acetone,  acetic  acid, 
water,  and  nitrobenzene,  insoluble  in  ether  and  benzene,  differing  con- 
siderably in  this  respect  from  the  known  natural  yellow  mordant 
dye-stuifs.  So  marked  is  this,  that  it  at  first  seemed  probable  that 
this  was  not  the  original  colouring  matter  of  the  wood,  but  an  anhy- 
dride or  analogous  compound  formed  during  the  decomposition  of  the 
glucoside  with  hot  acid.  Experiments,  however,  on  the  action  of  acid 
on  a  solution  of  the  glucoside  in  the  cold,  complete  after  about  three 
weeks,  gave  the  same  product,  although  freer  from  the  tarry  impurities 
formed  to  such  a  large  extent  by  the  action  of  the  hot  acid  ;  in  fact , 
if  time  were  not  an  object,  the  cold  process  is  to  be  recommended,  as 
the  subsequent  purification  is  considerably  facilitated. 

Dilute  solutions  of  the  alkalis,  alkali  carbonates,  and  ammonia 
dissolve  vitexin  with  a  very  pale  yellow  coloration,  and  it  is  deposited 
in  a  crystalline  condition  from  the  boiling  solutions  on  acidification. 
When  added  to  boiling  alcoholic  potash  or  soda,  it  is  not  dissolved,  but 
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acquires  a  more  orange  tint,  due  to  the  formation  of  an  insoluble  com- 
pound with  the  alkali  ;  these  products  when  collected,  washed  with 
alcohol,  and  dried,  form  canary-coloured,  hygroscopic  powders  readily 
soluble  in  water.  With  the  hope  of  determining  the  true  molecular 
weight  of  vitexin,  numerous  analyses  of  these  compounds  were  made  ; 
unfortunately,  however,  no  concordant  results  could  be  obtained,  due, 
on  the  one  hand,  to  incomplete  washing,  as  the  precipitate  clotted  and 
became  sticky  on  the  filter,  and,  on  the  other,  to  the  frec^uent  presence 
of  traces  of  unattacked  substance.  Vitexin  is  readily  decomposed  by 
sodium  amalgam  in  the  presence  of  water,  yielding  a  brown  solution, 
which,  on  neutralisation,  develops  a  beautiful  scarlet  tint,  but  no 
precipitate  is  formed.  With  sulphuric  acid,  it  gives  a  pale  yellow 
solution  in  the»cold,  which,  on  gentle  heating,  becomes  browner,  and  at 
about  170°  acquires  an  olive-green  tint  ;  on  pouring  into  water,  no 
precipitate  is  formed,  and  the  solution  appears  to  contain  the  sulphonic 
acid  of  some  decomposition  product.  It  does  not  react  with  mineral 
acids  in  the  presence  of  acetic  acid,  or  decompose  the  alkali  acetates 
in  alcoholic  solution.  In  aqueous  or  alcoholic  solution,  a  trace  of 
ferric  chloride  yields  a  reddish-brown  coloration,  which  is  changed  by 
excess  of  the  reagent  to  a  brownish-green  tint. 

Acetylvitexin. — Finely  powdered  vitexin,  in  small  portions  at  a 
time,  is  added  to  10  times  its  weight  of  boiling  acetic  anhydride, 
without  the  addition  of  sodium  acetate,  the  presence  of  which  is  not 
beneficial ;  a  clear  solution  is  but  slowly  formed,  and  this  is  boiled 
for  6  hours.  On  cooling,  the  addition  of  alcohol  causes  the  separa- 
tion of  crystals,  which  are  collected  and  crystallised  from  a  mixture  of 
acetic  acid  and  alcohol. 

0-1222  gave  0-2577  COg  and  0-0530  HgO.     C  =  5751  ;  H  =  4-80. 
C^^B.ff-{Q.-^^.f)).^  requires  C  =  58-13  ;  H  =  4-65  per  cent. 
Ci7Hj,08(cX0)6      „       C  =  58-00  3  H  =  4-66       „ 

It  crystallises  in  hard,  colourless,  prismatic  needles  melting  at 
251 — 256°,  readily  soluble  in  acetic  acid,  almost  insoluble  in  alcohol. 
To  determine  the  acetyl  groups  present,  a  solution  of  the  substance  in 
acetic  acid  was  treated  with  sulphuric  acid,  and  the  crystals  of  the 
colouring  matter  which  separated  on  dilution  with  water  collected  and 
weighed. 

1-3695  gave  0-7860  colouring  matter.     Found  57-39. 
4-5238     „     2-5878  „  „  „     57-20. 

Ci5HyO;(C2H30)5  requires  Q^r^^f>^=^b^-?>Q  per  cent. 

<^i7H,oOs(C2H30),       „        C,7H,,03  =  58-00        „ 

An  analysis  of  the  regenerated  vitexin  has  been  previously  given. 
These  determinations  indicate  that  of  the  two  formulae  for  vitexin, 
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Cj-HjgOg  is  Ihe  one  which  should  be  adopted,  especially  as  in  the  above 
experiments  a  considerable  quantity  of  material  was  employed.  Un- 
fortunately, owing  to  the  very  insoluble  natui"e  of  this  colouring 
matter,  it  is  impossible  to  determine  its  molecular  weight  by  the 
ordinary  methods,  and  attempts  in  other  directions,  such  as  the  pre- 
paration of  its  bromine  and  azobenzene  derivatives  in  a  pure  condition, 
have  hitherto  been  unsuccessful.  With  bromine  in  acetic  acid,  it 
yields  an  extremely  soluble,  colourless  compound,  and  with  diazobeuzene 
a  reddish-brown  precipitate  of  a  resinous  nature. 

It  appeared  probable,  from  the  very  high  percentage  of  hydrogen 
and  oxygen  this  substance  contains,  that  it  might  be  the  very  stable 
glucoside  of  a  colouring  matter,  somewhat  analogous  to  fustin,  the 
glucoside  of  fisetin  which  occurs  in  Rhus  Gotinus.  Experiments,  how- 
ever, did  not  corroborate  this  view,  for  vitexin  is  not  changed  by  long 
digestion  with  dilute  acids. 


Decomjiosition  Products  of  Vitexin. 

Action  of  Fused  Alkali. — The  colouring  matter  was  digested  with  10 
times  its  weight  of  caustic  potash  and  a  little  water  at  190 — 210°  for 
half  an  hour,  and  the  brown  melt  dissolved  in  water  and  neutralised 
with  acid.  The  liquid,  which  had  the  pungent  odour  of  acetic  acid,  was 
extracted  with  ether  and  the  extract  evaporated.  The  crystalline 
residue  was  dissolved  in  dilute  sodium  hydrogen  carbonate  solution, 
extracted  with  ether  {B),  and  the  aqueous  liquid  neutralised  with  acid 
and  extracted  with  ether  (C). 

From  extract  B,  pMoroglucinol  was  isolated  in  colourless  needles 
melting  at  208—210°. 

Extract  C  yielded  a  crystalline  acid,  identified  ^.f^jxirahydroxyhenzoic 
acid  ;  this  melted  at  210°  and  gave  a  brown  coloration  with  aqueous 
ferric  chloride. 

0-0912  gave  0-2046  CO^  and  0-0374  H^O.     C  =  6M8  ;  H  =  4-55. 
C7H6O3  requires  0  =  60-87  ;  H  =  4-35  per  cent. 

Action  of  Potassium  Hydroxide  Solution  (sp.gr.  154). — With  the  hope 
of  effecting  a  more  limited  decomposition  of  the  colouring  matter,  it 
was  boiled  in  alkali  of  the  above  strength  ;  the  yellow  liquid  gradually 
assumed  a  brown  tint,  and  in  about  half  an  hour  the  action  was 
complete.  It  was  then  acidified,  extracted  with  ether,  and  the  extract 
evaporated,  leaving  a  brownish,  oily  i-esidue  which  became  crystalline 
after  a  few  hours.  This  consisted  of  two  substances  readily  separated 
by  treatment  with  boiling  benzene,  in  which  one  of  them  was  nearly 
insoluble  ;  this  was  found  to  he  pMoroglucinol,  which  after  purification 
was   obtained    as    colourless    needles  melting  at  210°.     The  benzene 
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extracts,  when  concentrated,  gradually  deposited  dark  coloured  leaflets, 
which  were  collected  and  again  crystallised  from  this  solvent.  The 
product  was  dissolved  in  boiling  water,  filtered  from  a  trace  of  oily 
matter,  and  the  crystals  which  separated  on  cooling  finally  purified 
by  crystallisation  from  benzene. 

0-1166  gave  0-3033  CO2  and  0-0635  HgO.     C  =  7093;  H  =  6-05, 
CsHgOg  requires  C  =  70-59  ;  H  =  5-88  per  cent. 

It  was  obtained  as  colourless  needles  insoluble  in  sodium  hydrogen 
carbonate  solution,  which  melted  at  107 — 108°,  and  gave  a  faint  violet 
coloration  with  aqueous  ferric  chloride.  When  fused  with  alkali,  it 
gives  parahydroxybenzoic  acid  and  a  trace  of  phenol ;  it  also  forms  a 
semicarbazide  which  crystallises  in  needles  melting  at  196 — 198°.  It 
is,  therefore,  evidently  'paraliydroxyacetoi->he,none,  and  this  was  further 
corroborated  by  comparing  it  with  a  sample  of  the  substance  prepared 
from  apigenin  in  a  similar  way  (Trans.,  1897,  71,  805), 

When  air  was  aspirated  through  an  alkaline  solution  of  vitexin,  it 
remained  unchanged  even  after  24  hours  treatment,  and  could  be 
recovered  almost  intact  by  acidifying  the  liquid. 

Action  of  Alcoholic  Potash. — The  behaviour  of  the  colouring  matter 
towards  this  reagent  was  studied  by  boiling  the  mixture  for  8  hours, 
and  by  heating  it  in  sealed  tubes  at  160 — 170°  for  4  hours.  In  each 
case,  it  was  completely  decomposed  with  formation  of  phloroglucinol, 
parahydroxyacetophenone,  and  parahydroxybenzoic  acid  ;  these  were 
isolated  and  identified  by  the  methods  previously  described. 

Action  of  Nitric  Acid. — Vitexin  is  readily  dissolved  by  cold  nitric 
acid  (sp.  gr.  1-54),  or  a  mixture  of  this  with  an  equal  volume  of 
sulphuric  acid,  without  any  violent  action ;  the  solution,  on  standing, 
if  fairly  concentrated,  becomes  semi-solid  after  a  time,  from  separa- 
tion of  a  light  coloured,  somewhat  gelatinous  precipitate.  Attempts 
to  collect  this,  apparently  a  nitro-derivative  of  the  colouring  matter, 
failed,  owing  to  its  solubility  in  water,  especially  in  the  absence  of 
acid  ;  thus,  if  the  acid  pi-oduct  was  poured  into  water,  a  pale  yellow 
precipitate  was  deposited,  which,  when  collected  and  washed  with 
water,  almost  entirely  dissolved  before  the  final  traces  of  acid  Could 
be  removed. 

The  action  of  dilute  nitric  acid,  100  c.c.  (15  per  cent.),  on  the 
colouring  matter  (4  grams)  was  now  studied  ;  on  boiling  for  half  an 
hour,  it  dissolved,  forming  a  clear  yellow  solution,  which  became 
turbid  on  cooling,  but  if  the  action  was  allowed  to  proceed,  a  pale 
yellow,  crystalline  powder  separated  in  small  quantity.  This  was 
collected  (Z>)  and  the  filtrate  evaporated  to  a  small  bulk  and  cooled, 
when  a  considerable  quantity  of  coloui-less  crystals  separated  ;  these, 
after  draining  with  the  aid  of  the  pump  and  washing  with  a  little 
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water,  were  dried,  and  the  product  extracted  with  boiling  benzene, 
finally  crystallising  from  dilute  alcohol. 

0-1063  gave  12  c.c.  of  nitrogen  at  25°  and  755  mm.     N  =  12-49. 

0-1065     „     12-3  „  25°    „     755  mm.     N  =  12-79. 

OH-C(.H2(N02)2-COOH  requires  N'  =  12-28  per  cent. 

It  crystallised  in  colourless  leaflets  melting  at  235 — 237°,  sparingly 
soluble  in  boiling  water,  and  yielding  with  alcoholic  potash  a  scarlet 
potassium  salt. 

To  prepare  its  ethylic  salt,  it  was  treated  with  an  alcoholic  solu- 
tion of  hydrogen  chloride  in  the  usual  manner.  The  product  crystallises 
in  colourless,  hair-like  needles  readily  soluble  in  alcohol  and  melting 
at  88—89°. 

0-1131  gave  11  c.c.  of  nitrogen  at  22°  and  760  mm.     N=  11-01. 
OH-CeH2(N02)2-COOC2H5  requires  N=  10-93  per  cent. 

It  is,  thei'efore,  dinitroparahydroxy  ben  zoic  acid,  which  has  been 
previously  prepared  by  Salkowski  (Annalen,  1872,  163,  36)  by  passing 
nitrous  acid  into  a  solution  of  dinitroparamidobenzoic  acid.  Curiously 
enough,  it  is  described  by  him  as  bright  yellow,  or  bright  bronze- 
coloured  tables,  but  this  is  incorrect,  for  I  have  prepared  it  by 
the  nitration  of  parahydroxybenzoic  acid  itself,  and  the  product 
was  colourless  and  identical  in  appearance  with  that  obtained 
above. 

The  benzene  extracts  resulting  from  the  purification  of  the  above 
acid  deposited  a  very  small  quantity  of  colourless  crystals,  consisting 
mainly  of  picric  acid. 

The  yellow,  crystalline  powder  D  (see  above),  of  which  but  0-2 
gram  was  formed  in  each  operation,  was  dissolved  in  boiling  nitro- 
benzene, and  the  solution  cautiously  treated  with  a  little  boiling 
benzene ;  a  trace  of  gelatinous  matter  at  first  separated,  which  was 
rapidly  removed,  and,  on  cooling,  the  filtrate  deposited  crystals, 
which  were  collected  and  washed  with  benzene. 

0-1023  gave  10-7  c.c.  of  nitrogen  at  21°  and  754  mm.     N  =  11-81. 
Ci5H605(NOo)4,C6H5-N02  requires  N  =  12-21  per  cent. 

The  glistening,  orange-coloured  needles  thus  obtained  did  not  melt 
sharply,  for  they  showed  signs  of  f vision  at  150°,  and  finally  melted 
at  238 — 240°,  Suspecting  that  this  was  a  nitrobenzene  additive 
compound  of  the  original  substance,  it  was  digested  with  boiling 
alcohol  to  remove  the  nitrobenzene ;  it  dissolved  readily,  but,  on  con- 
tinued heating,  crystals  separated,  which  were  collected  and  washed 
with  alcohol. 
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U-1097  gave  U-1602  CO,  and  0-0220  H^O  C  =  39-82  ;  H  =  2-22. 
0-1227  „  0-1815  col  „  0  0225  H.3O.  C  =  40-34 ;  H  =  2-03. 
0-1075  „  11-7  c.c.  of  nitrogen  at  24°'and  755  mm.  N=  12-12. 
01087     „     11-6  c.c.  „  22°    „    760  mm.     N  =  12-09. 

Ci5H^O,,(N02)4  requires  C  =  40  00  ;  H  -  1-35  ;  N  =  12-44  per  cent. 

It  was  obtained  as  a  mass  of  fine,  lemon-yellow  needles  melting  at 
239 — 241°,  almost  insoluble  in  boiling  alcohol  and  the  usual  solvents. 
Aqueous  or  alcoholic  solutions  of  the  alkalis  do  not  appreciably 
dissolve  it,  for  it  is  at  once  converted  into  a  scarlet  salt  insoluble  in 
water  or  alcohol.  When  digested  with  boiling  acetic  anhydride,  it 
yields  a  colourless,  crystalline  product,  apparently  an  acetyl  deriva- 
tive, but  this  could  not  be  examined  owing  to  lack  of  material.  The 
nitro-compound  dyes  calico  mordanted  with  alumina,  an  orange,  and, 
with  iron,  a  brownish-buff  shade. 

To  obtain  some  insight,  if  possible,  into  the  nature  of  this  sub- 
stance, the  small  quantity  remaining  was  boiled  with  nitric  acid  of 
sp.  gr.  1-54;  it  dissolved  but  slowly,  forming  a  clear  solution,  which, 
when  evaporated  to  a  small  bulk  and  diluted  with  water,  deposited 
picric  acid  in  colourless  needles  melting  at  119 — 121°. 

Attempts  to  increase  the  yield  of  the  insoluble  nitro-compound  by 
various  methods  have  hitherto  been  unsuccessful ;  among  these  may 
be  cited  the  employment  of  nitric  acid  diluted  with  acetic  acid. 
Owing  to  its  sparing  solubility  and  its  property  of  dyeing  mordanted 
calico,  it  seemed  possible  at  first  that  this  was  a  tetranitrovitexin, 
but  its  lack  of  oxygen  cannot  be  made  to  agree  with  this  supposition. 
If  its  molecular  weight  be  high,  the  analytical  figures,  as  shown  above, 
approximate  to  Cj5Hg05(N02)4,  which  would  represent  a  tetranitro- 
derivative  of  some  oxidation  product  of  the  colouring  matter.  Cer- 
tainly no  such  substance  is  produced  during  the  nitration  of 
parahydroxybenzoic  acid,  which  has  been  studied  for  this  purpose. 

I  hope  shortly  to  be  in  possession  of  sufficient  raw  material  to 
undertake  a  further  study  of  this  substance,  feeling  that  this  may 
have  an  important  bearing  on  the  constitution  of  the  colouring 
matter.  With  hot  nitric  acid  of  sp.  gr.  1*54,  vitexin  gives  only  picric 
and  dinitrohydroxybenzoic  acids. 

Action  0/  Alcoholic  Potash  on  the  Ethjlaiion  Product  of  Vitexin. 

Attempts  to  prepare  an  etliylic  ether  of  vitexin  in  a  pure  condition 
gave  unsatisfactory  results,  the  light  yellow  substance  formed  being 
always  contaminated  with  considerable  quantities  of  a  resinous 
decomposition  product.  Owing  to  the  very  ready  solubility  of  both 
in  the  ordinary  solvents,  no  method   has   as  yet  suggested   itself  for 
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their  separation.  By  Iractioiial  pi'ecipitation  of  an  alcoholic  solution 
with  hot  water,  however,  a  trace  of  pale  yellow  needles  was  obtained, 
still  slightly  impure.  The  characteristics  of  this  .substance  reminded 
one  of  the  ethei'S  of  the  quercetin  and  xanthone  series,  for  alcoholic 
potash  yielded  a  potassium  compound,  and  acetic  anhydride  a  colourless 
acetyl  derivative,  the  latter  extremely  soluble.  It  appears  probable 
that,  in  vitexin,  an  hydroxyl  gi-oup  exists  which  resists  ethylation, 
and  is  consequently  in  the  ortho-position  relatively  to  a  carbonyl 
group.  The  methylation  of  vitexin  has  also  been  studied  with  a  like 
result,  but  it  is  hoped  that,  by  varying  the  conditions  of  experiment, 
these  difficulties  may  ultimately  be  surmounted. 

With  the  hope  of  obtaining  a  further  clue  to  the  constitution  of 
vitexin,  the  action  of  alcoholic  potash  on  the  crude  pi'oduct  of 
ethylation  was  studied.  This  was  effected  in  the  usual  manner, 
boiling  for  12  hours,  the  brown  solution  being  evapoi-ated  to  drynes.s, 
and  dissolved  in  water.  After  extraction  with  ether  {E),  the  aqueous 
liquid  was  saturated  with  carbonic  anhydride,  again  extracted  with 
ether  {F),  and  finally  neutralised  with  acid  ;  the  almost  colourless 
precipitate  thus  obtained  was  dissolved  in  ether,  the  solution  evapo- 
rated, and  the  residue  crystallised,  first  from  water  and  then  from 
benzene. 

0-1109  gave  0-2647  CO,  and  00632  Hp.     C  =  6509;  H  =  6-33. 
C6H^(OC2H5)-COOH  requires  C  =  65-06  ;  H  =  602  per  cent. 

This  substance  crystallised  in  colourless  needles,  melted  at  193 — 195°, 
although  sintering  slightly  below  this  point,  and  on  fusion  with  alkali 
gave  parahydroxy benzoic  acid.  It  was  evidently  parethoxybenzoic 
acid. 

Extract  E,  on  evaporation,  yielded  a  small  quantity  of  an  oil 
having  the  persistent  odour  of  aniseed,  and  was  most  probably  par- 
ethoxybenzaldehyde. 

A  decoction  of  the  brownish,  viscous  residue  obtained  from  extract 
E  gave  the  phloroglucinol  i-eaction,  although  somewhat  slowly,  and 
resembled  the  coi'responding  products  formed  by  the  decomposition 
of  the  ethers  of  morin  and  luteolin. 

Dyeing  Properties  of  Vitexin. 

To  obtain  this  sparingly  soluble  colouring  matter  in  a  finely  divided 
condition  for  these  experiments,  a  known  weight  was  dissolved  in 
alkali,  precipitated  with  acid  in  the  cold,  and  the  pa.ste,  after  washing, 
made  up  to  a  given  bulk  with  water.  Employing  woollen  cloth  mor- 
danted with  aluminium,  chromium,  tin,  and  iron,  the  shades  given 
below  were  obtained  ;  these  were  of  a  poor  character,  due  to  some  extent 
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to  the  insoluble  nature  of  the  dye.  On  the  other  hand,  one  cannot  but 
be  struck  with  the  resemblance  in  the  shades  given  by  vitexin  and 
gentisin,  chrysiu,  and  apigenin,  colouring  matters  which  do  not  contain 
two  hydroxy!  groups  ia  the  ortho-position  relatively  to  one  another. 
This  is,  therefore,  a  further  corroboration  of  the  results  above 
described. 


Vitexiu 
Gentisiu 
Apigenin 


Aluminium 


Bright 

pale. 
Bright        yellow, 

and  pale,  scarcely 

dyed. 

Pure  yellow. 


'■} 


Chromium. 


•'  '  y     Greenish- 


yellow  < 


Green  yellow,  dull 
and  pale. 

Yellow        leaving 
faint  orange  tint. 


Iron. 


Pale  brown,  some- 
what dull. 


■Chocolate  brown. 


Tin. 


/Very  pale  yellc 
\  scarcely  dyed." 

/  Cream      colour, 
\  scarcely  dyed. 

Undyed. 


More  Soluble  Constituent  of  the  Wood. 

The  dark  coloured  alcoholic  extract  A  obtained  in  the  purification 
of  the  crude  vitexin  (p.  1021),  was  evaporated  to  dryness,  and  the 
resinous  residue  powdered  and  dissolved  in  boiling  absolute  alcohol  ; 
the  greyish,  amorphous  precipitate  which  separated  on  cooling 
gradually  became  a  tarry  mass,  and  was  removed  by  filtration.  The 
orange-coloured  filtrate,  when  allowed  to  evaporate  spontaneously  and 
absorb  moisture  from  the  air,  slowly  deposited  an  amorphous,  yellow 
product,  which,  after  being  washed  with  a  little  absolute  alcohol  and 
then  with  dilute  alcohol,  was  purified  by  crystallisation  from  absolute 
alcohol. 


0-1092  gave  0-2400  COg  and  0-0518  H^O. 


0-1087 


0-2395  CO., 


0-0550  H.,0. 


C  =  59-93;  H  =  5-27. 
C  =  60-08;  H  =  5-61. 


C'lgHjgOy  requires  C  =  60-00  ;  H  =  5-00  per  cent. 
CisHisOg       „         C  =  59-66;  H-4-97 

It  is  a  pale  primrose-yellow  powder,  consisting  of  microscopic 
needles  melting  at  245 — 246°  and  is  distinguished  from  vitexin  by 
its  ready  solubility  in  boiling  alcohol.  The  alcoholic  solution  is 
coloured  by  ferric  chloride  in  exactly  the  same  way  as  vitexin,  but 
gives  no  precipitate  with  lead  acetate,  although  the  basic  salt  yields  a 
bright  canary-yellow  deposit.  It  dissolves  in  alkali  solutions  with  a 
very  pale  yellow  colour,  and  is  almost  devoid  of  dyeing  property, 
mordanted  calico  being  but  feebly  stained  by  it.  With  cold  sulphuric 
acid,  it  gives  a  pale,  yellowish-brown  liquid,  which,  when  heated,  be- 
comes deep  brown  at  120°,  and  at  160 — 170°  acquires  an  olive-green 
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tint.  This  reaction,  almost  identical  with  that  of  vitexin,  points  to 
a  close  relationship  between  them.  The  amount  of  this  pi-oduct 
existing  in  the  wood  as  glucoside  must  be  exceedingly  small,  for  in  no 
case  was  more  than  0*5  gram  in  a  crude  condition  isolated  from  a 
kilogram  of  the  material,  and  this  was  considerably  reduced  on  pux'ifi- 
cation.  On  this  account,  sufficient  was  not  available  for  a  study  of 
its  derivatives,  although  it  was  noted  that  it  formed  a  colourless  acetyl 
compound,  which  was  readily  soluble  in  alcohol  and  crystallised  with 
some  difficulty. 

When  fused  with  alkali,  it  yielded  phloroglucinol  and  parahydroxy- 
benzoic  acid,  the  latter  being  identified  by  its  melting  point,  209 — 210°, 
and  its  reaction  with  ferric  chloride.  Examined  by  Zeisel's  method,  the 
substance  was  found  not  to  contain  methoxy-groups,  and  from  the 
hydriodic  acid  residue  some  unchanged  colouring  matter  was  re- 
covered. This  substance,  to  which  the  name  homovitexin  is  given 
will  be  further  examined. 

Summary  of  Results. 

This  investigation  shows  that  the  wood  of  Vitex  littoralis  con- 
tains two  colouring  matters  in  the  form  of  glucosides.  Vitexin,  which 
is  the  most  insoluble  and  also  the  chief  constituent,  gives  numbers 
agreeing  with  the  formula  Cj^Hj^Ok,,  or  Cj.;.Hj^Pg,  and  contains, 
according  to  the  formula  adopted,  either  five  or  six  hydroxyl 
groups.  With  the  exception  of  the  acetyl  derivative,  no  other 
substitution  products  have  as  yet  been  isolated  in  a  pure  con- 
dition, owing,  curiously  enough,  to  their  ready  solubility  and  their 
contamination  with  decomposition  products,  which  always  appear  to 
accompany  their  formation.  On  fusion  with  alkali,  vitexin  gives 
phloroglucinol,  parahydroxybenzoic  and  acetic  acids,  and  with  potassium 
hydroxide  solution  at  a  lower  temperature,  phloroglucinol  and  para- 
hydroxyacetophenone  ;  alcoholic  potash  behaves  similarly.  Further, 
on  decomposing,  with  alcoholic  potash,  the  crude  product  of  its  ethyla- 
tion,  parethoxybenzoic  acid,  parethoxybenzaldehyde  and  a  phloro- 
glucinol derivative  are  obtained.  With  dilute  nitric  acid,  picric  and 
metadinitropai^ahydroxybenzoic  acids  are  formed,  together  with  an  in- 
soluble nitro-compound,  to  which  the  formula  Cj5Hg05(N02)4  has  been 
provisionally  assigned.  The  dyeing  and  other  properties  of  this  sub- 
stance suggest  its  high  molecular  weight,  and  it  would  appear  to  be  the 
tetranitro-derivative  of  an  oxidation  product  of  the  colouring  matter. 
According  to  its  dyeing  properties  and  the  above  reactions,  it  is 
apparent  that  vitexin  does  not  contain  two  hydroxyls  in  the  ortho- 
position  relatively  to  one  another,  and  in  this  respect  resembles 
apigenin,  chrysin,  and  gentisin.     There  is  evidence  that  vitexin  con- 
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tains  one  hydroxyl  in  the  ortho-position  relatively  to  a  carboxyl  group, 
and  the  formation  from  it  of  hydroxyacetophenone  suggests  the  pre- 
sence of  a  y-pyrone  ring.  Curiously  enough,  its  principal  decompo- 
sition products  are  identical  with  those  of  apigenin,  Cj^H^^jOg,  to  which 
I  assigned  (Trans.,  1897,  71,  895)  the  constitution 

our    V         \-(        >0H 


OH    ^^ 

It  would  thus  appear  to  be  closely  related  to  the  latter  substance. 
Although  no  evidence  as  yet  exists,  it  is  possible  that  its  constitution 
may  be  I'epresented  by  the  same  formula  as  apigenin,  with  a  side  chain 
attached.  Experiments  on  the  behaviour  of  apigenin  towards  nitric 
acid,  a  short  notice  of  which  has  already  appeared  (loo.  cit.),  will  be 
continued,  to  throw  some  light  upon  this  point.* 

The  more  soluble  colouring  matter,  homovitexin,  C^gHjgO-,  or 
Cj^HjgOg,  which  is  contained  in  the  wood  in  very  small  quantity  only, 
is  very  closely  related  to  vitexin,  which  it  resembles  in  numerous 
reactions  and  in  the  similarity  of  its  decomposition  products,  but 
differs  from  it  in  possessing  only  feeble  dyeing  properties.  It  con- 
tains no  methoxy-group. 

The  Drjeiny  Properties  of  the  Wood. 

In  studying  the  dyeing  properties  of  this  material,  woollen  cloth 
mordanted  with  aluminium,  iron,  chromium,  and  tin  was  employed. 
The  results  are  embodied  in  the  table  on  p.  1031,  in  which  have  also 
been  placed  for  comparison  the  shades  given  by  old  fustic  [Morus 
tinctoria)  and  Weld  {Reseda  luteola),  for  these  among  the  commercial 
natural  dye-stuffs  most  nearly  approximate  in  shade  to  tlie  Vitex 
littoralis. 

The  most  striking  property  of  this  dye-stuff  is  the  very  yellow  tones 
it  produces  with  chromium  and  aluminium  mordants,  these  being  free 
from  any  admixture  of  red,  and  possess,  if  anything,  a  faint  greenish 
tint.  Exposed  to  light  for  three  months,  the  chromium  and  iron 
mordanted  patterns  showed  no  great  alteration,  whereas  the  aluminium 

*  During  some  experiments  by  Prof.  Hummel  and  myself  on  the  dj'eing  properties 
of  the  natural  yellow  colouring  matters,  an  examination  has  been  made  of  scoparin 
which  is  present  in  the  Spartiu-m  scoparium.  The  shades  obtained  are  almost  identical 
willi  those  given  by  vitexin,  and  it  is  interesting  to  note  that  tlie  percentage  com- 
position of  s(:oi>arin,  C2iH.«,0|„  (Stonhouse,  Annalm,  78,  l.'i),  C  =  .')8-0G,  II  =  .^-OS, 
differs  but  little  from  that  of  vitexin.  Although  not  identical,  it  is  prol)able  that  the 
iuvestigation  of  scoparin  now  [irocecding  will  reveal  a  close  relationship  between 
these  colouring  matters. 
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Vitexlittoralis 

Weld 

Old  Fustic 


Chromium. 


Aluminium. 


Tin. 


\  yellow. 


jDull      yellow,  Hp^^jj      yellow,      Pale       lemon- 
A    slight     green    >-  -•'      -    ' 

[  tint. 
fFull      brown- 


slightly  pale,  j       yellow, 
j- Bright  yellow.      Pale  yellow. 
Yellow  olive.         Pale  yellow. 


Iron. 


Dull      grey- 
brown. 

fDeep     brown- 
\  olive. 

(Deep      brown- 
\^  olive. 


aud  tin  shades  had  very  perceptibly  faded.  The  results  with  mor- 
danted calico  were  similar,  although  the  colours  thus  obtained  had  a 
slightly  brighter  character. 

Three  samples  of  the  wood  were  examined,  with  the  result  that 
there  was  some  variation  in  colour  strength  ;  the  sample  last  received 
was  the  strongest,  and  this  was  employed  for  the  above  dyeing  experi- 
ments. 

On  account  of  the  pure  yellow  tones  it  produces,  some  hope  exists 
that,  where  these  are  necessary,  this  dye-stuff  may  be  of  some  com- 
mercial utility  for  this  purpose.  A  well-known  Leeds  firm  who  have 
examined  a  sample,  consider  that  it  should  have  a  limited  sale  at 
£4  a  ton,  a  value  somewhat  below  that  of  old  fustic,  which  is  at 
present  £4  10s. 

During  the  examination  of  apigenin  and  vitexin,  it  has  been 
shown  that  these  colouring  matters  are  not  perceptibly  oxidised 
on  passing  air  through  their  alkaline  solutions,  and  it  seemed  of 
interest  to  ascertain  if  this  property  was  in  any  way  connected  with 
their  behaviour  on  exposure  to  light.  Experiments,  however,  seem  to 
negative  this  view,  for  the  shades  given  by  aluminium  and  tin 
mordants  are  not  fast,  and  those  with  chromium  and  iron  possess  no 
great  superiority  over  those  obtained  from  colouring  matters  which 
suffer  decomposition  when  oxidised  in  a  similar  manner. 

Clothworkers'  Research  Laboratory, 
Dyeing  Department, 

Yorkshire  College. 


CII. — Derivatives  of  Hesperitin. 

By  Arthur  George  Perkin,  F.R.S.E. 

Hesperitin  occurs  in  the  form  of  its  glucoside  hesperidin,  in  many 
varieties  of  the  Auriantiacea',  being  contained  in  the  citron  and  unripe 
orange,  the  bitter  variety  being  vei-y  suitable  for  its  preparation. 
It  has  been  examined  by  E.  Hoffmann  {Ber.,  1876,  9,  685),  who  dis- 
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covered  the  glucoside  nature  of  hesperidin,  and  showed  that  hesperitin 
itself  is  decomposed  by  potassium  hydroxide  solution  at  100°  into 
phloroglucinol  and  hesperiticic  acid,  CjqH^qO^  ;  these  results  pointed 
to  the  constitution  CgH502*0'CjQH903. 

Tiemann  and  Will  {Ber.,  1881,  14,  948)  confirmed  the  work  of 
Hoffmann,  and  also  proved  that  hesperitinic  acid  is  identical  with 
isoferulic  acid,  the  monomethyl  ether  of  dihydroxycinnamic  acid.  Hes- 
peritin was,  therefore,  the  monomethyl  ether  of  dihydroxycinnamyl- 
phloroglucinol. 

OH-  C6H3(0CH3)-CH:CH-  C0-0-C6H3(0H)2. 

Hesperitin  ci'ystallises  in  almost  colourless  needles  melting  at 
226°  and  having  an  intensely  sweet  taste  ;  its  alkaline  solutions,  also, 
are  nearly  colourless,  having  at  most  a  very  faint  yellow  tint,  and  it 
does  not  dye  mordanted  calico. 

At  first,  experiments  were  undertaken  to  determine  the  behaviour 
of  hesperitin  with  alcoholic  solutions  of  the  alkali  acetates,  for  in  this 
way  it  has  been  shown  (Proc,  1898)  that  quercetin  and  analogous 
substances  yield  peculiar  salts.  Its  apparently  somewhat  close  relation- 
ship to  phloretin,  however,  suggested  further  work,  with  the  hope  of 
explaining  the  somewhat  peculiar  properties  of  disazobenzenephloretin 
(Trans.,  1897,71,  1151). 


Disazohenzenehesperitin. 

To  a  solution  of  hesperitin  in  dilute  sodium  carbonate,  a  slight 
excess  of  diazobenzene  sulphate  solution  was  added,  and  the  deep  I'ed 
precipitate  collected,  washed,  and  dried.  Owing  to  the  exceedingly 
resinous  nature  of  this  product,  all  attempts  to  obtain  it  in  a  pure 
state  by  the  usual  methods  failed,  and  it  seemed  as  if  experi- 
ments in  this  direction  must  be  abandoned ;  finally,  however,  the 
acetylisation  of  the  crude  product  suggested  itself,  the  acetyl  deriva- 
tives of  such  compounds  being,  as  a  rule,  more  easy  to  purify.  It  was 
therefore  dissolved  in  a  very  small  quantity  of  hot  acetic  anhydride, 
and  boiled  with  it  for  6  hours ;  when  cold,  it  was  diluted  with  alcohol, 
and  the  crystalline  powder  deposited  on  standing  overnight  was 
collected,  washed  with  alcohol,  and  crystallised  from  acetic  acid.  As 
the  glistening  needles  thus  obtained  showed  signs  of  melting  at  200°, 
but  did  not  completely  melt  until  236 — 238°,  it  seemed  probable  that 
the  substance  had  been  incompletely  acetylated.  It  was,  therefore, 
again  digested  with  a  little  boiling  acetic  anhydride,  when  the  solution 
became  semi-solid  on  continued  heating,  owing  to  the  separation  of 
fine,  hair-like  needles.  On  adding  alcohol,  and,  after  some  hours, 
collecting  the  [crystals,  and  washing  them  with  alcohol,  they  melted 
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sharply  at  240 — 242°,  and  showed  no  sign  of  decomposition  at  a  lower 
temperature.  Unfortunately,  the  yield  was  poor,  being  equal  to  but 
10  per  cent,  of  the  hesperitin  employed. 

0-1142  gave  10-6  c.c.  nitrogen  at  22°  and  760  mm.     N  =  10-51. 
02H30-CigH„Oe(CgH5N2)2  requires  N  =  10-15  per  cent. 

Acetyldisazohenzenehesperitin  forms  an  ochre-coloured  mass  of  glis- 
tening needles  sparingly  soluble  in  boiling  acetic  acid,  almost  insoluble 
in  alcohol.  Dilute  alkali  solutions  do  not  dissolve  it  in  the  cold,  but 
on  heating  it  is  decomposed  with  formation  of  an  orange-red  liquid. 

To  determine  with  certainty  the  number  of  acetyl  groups  present  in 
this  substance,  it  was  boiled  for  a  short  time  with  dilute  alcoholic 
potash  and  the  solution  neutralised  with  acid.  After  dilution  with 
hot  water  and  cooling,  the  precipitate  of  the  free  disazo-compound  was 
collected  and  weighed. 

0-5032  gave  0-4670.     Found  92-80. 
C,H3O-Ci5HiiO,(0«H5N,)2  requires  Ci6H,206(CeH,N2)2  =  92-39  per  cent. 

It  is,  therefore,  a  vionacetyl  derivative. 

The  disazobenzenehesperitin  formed  was  analysed. 

0-1115  gave  10-9  c.c.  nitrogen  at  21°>nd  762  mm.     N  =  11-15. 
C\gH^206(^6^5-'^2)2  requires  N  =  10-98  per  cent. 

Disazobenzenehesperitin  is  fairly  soluble  in  boiling  nitrobenzene, 
separating  from  the  concentrated  solution  in  beautiful,  glistening,  red 
needles ;  these  are  deposited  in  larger  quantity  if  the  nitrobenzene 
solution  is  diluted  with  alcohol,  as  it  is  almost  insoluble  in  the  latter. 
When  heated,  it  sinters  at  240°,  and  melts  with  decomposition  at 
246 — 247°.  Alkali  solutions  dissolve  it  with  an  orange-red,  and 
sulphuric  acid  with  a  scarlet,  coloration.  As  the  acetyl  derivative  of 
this  substance  was  previously  obtained  from  the  crude  product  of  the 
reaction  of  hesperitin  with  diazobenzene,  a  small  quantity  was  now 
prepared  by  the  action  of  boiling  acetic  anhydride  on  the  pure  sub- 
stance with  the  object  of  being  certain  that  a  fully  acetylised  deriva- 
tive had  been  prepared  in  the  previous  experiment.  It  was  somewhat 
slowly  attacked,  and  at  the  conclusion  of  the  action  crystals  separated 
at  the  boiling  temperature.  These  were  collected  and  washed  with 
alcohol. 

0-1355  gave  12-3  c.c.  nitrogen  at  24°  and  759  mm.     1^=  10-17. 
The  monacetyl  compound  requires  N  =  10-15  per  cent. 

It  melted  at  240 — 242°,  was  identical  with]  the  acetyl  derivative 
above  described,  and  is  consequently  the  final  product  of  the  action  of 
acetic  anhydride  on  disazobenzenehesperitin. 

VOL.  LXXTII,  3  Z 
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The  resulls  indicate  that  liesporitin  contains  three  hydroxyl  groups, 
two  of  them  in  the  disazobenzene  derivative  being  neutralised  in 
consequence  of  their  ortho-position  relatively  to  the  diazobenzene 
groups, 

A  cetylhesperitin. 

Ciamician  and  Silber  (Ber.,  1898,  28,  1393)  have  shown  that 
phloretin  yields  a  tetracetyl  derivative,  whereas  the  diazobenzene 
derivative,  like  that  of  he.speritin,  indicates  but  three  such,  and  it 
was  thus  interesting  to  prepare,  if  possible,  an  acetyl  compound  of  the 
latter. 

Hesperitin  was  gradually  added  to  boiling  acetic  anhydride  (the  use 
of  sodium  acetate  is  not  beneficial),  and  when  it  had  dissolved,  the  clear 
solution  was  boiled  for  6  hours  longer;  a  portion  of  the  acetic  anhydride 
was  now  removed  by  evaporation,  and  the  residual  liquid  cooled  some- 
what and  diluted  with  alcohol.  Crystals  were  slowly  deposited, 
the  separation  being  facilitated  by  agitation  from  time  to  time ; 
after  a  week,  the  crystals  were  collected  and  washed  with  alcohol,  and 
purified  by  crystallisation  from  a  mixture  of  acetic  acid  and  alcohol 
until  the  melting  point  was  constant, 

01148  gave  0-2593  CO^  and  0-0490  HgO.     C  =  61-59;  H  =  4-74. 
0-1116     „     0-2530  CO2    „    0-0495  H^O.     C  =  61-82 ;  H  =  4-92. 

C\cHiiOe(CoH30)3  requires  0  =  61-68;  H  =  4-67  per  cent. 

C,6H,o06(C2H30)4        „        C  =  61-28;  H  =  4-68       „. 

Acetylhesperitin  forms  colourless,  silky  needles  meltingat  127 — 129°, 
readily  soluble  in  acetic  acid,  somewhat  sparingly  in  alcohol ;  by 
slow  crystallisation,  it  can  be  obtained  as  prismatic  needles  of  lai'ge  size. 

The  above  analyses  agree  more  nearly  with  those  required  for  a 
triacetyl  than  a  tetracetyl  derivative,  but  the  difference  was  not 
decided  enough  for  this  to  be  considered  certain.  The  determination 
of  the  acetyl  groups  presented  some  difiiculty,  as  hesperitin  is  so 
readily  decomposed  by  the  ordinary  reagents  at  anything  like  the 
boiling  heat.  A  rapid  determination,  made  by  decomposing  the  acetyl 
compound  with  sulphuric  acid  in  boiling  acetic  acid,  gave  the  following 
result. 

1-0822  gave  0-7635  gram.     Found  70-55. 

The  theory  for  3  acetyls  requires  CjgHi40g  =  70-56  per  cent,, 

but  the  product  was  so  discoloured  that  the  accuracy  of  the  determina- 
tion was  doubted.  A  determination  in  the  cold,  however,  gave  results 
which  may  be  considered  as  correct.  1  -006  grams  of  acetylhesperitin, 
dissolved  in  12  c.c,  of  acetic  acid,  was  treated  in  the  cold  with  1  c,c. 
of  sulphuric  acid,  the  mixture  being  kept  in  a  stoppered  vessel  for 
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48  hours ;  the  solution,  after  exposure  to  moist  air  for  48  hours,  had 
deposited  crystals,  and  more  separated  on  adding  water  very  cautiously  ; 
these  were  collected,  and  weighed  0"7065  gram  or  70*22  per  cent. 
That  the  product,  although  of  a  slight  red  tint,  was  hesperitin  was 
evident  from  its  melting  point,  218 — 220°  (hesperitin  melts  at  226°). 
In  a  second  experiment,  1'3  grams  of  the  acetyl  compound  gave 
0"9180  gram  of  hesperitin,  or  7061  per  cent.  These  results,  there- 
fore, corroborate  those  given  by  the  diazobenzene  derivative,  and  show 
that  hesperitin,  CjgHj^Og,  contains  three  hydroxyl  groups. 

An  experiment  was  made  to  determine  if  hesperitin,  like  maclurin 
and  phloretin,  can  be  converted  into  a  coumarin  compound  by  the 
prolonged  action  of  acetic  anhydride  and  sodium  acetate  (Ciamician 
and  Silber,  Ber.,  1894,  28,  1393).  In  this  manner,  a  very  soluble, 
colourless  product  was  formed,  which  has  at  present  refused  to  crys- 
tallise, whereas  in  the  case  of  maclurin  and  phloretin  sparingly 
soluble  substances  are  formed.  A  very  small  quantity  of  hesperitin 
was  available  for  this  purpose,  and  it  is  possible  that  a  variation  in 
the  conditions  might  produce  a  compound  of  this  nature ;  on  the 
other  hand,  the  results  given  in  this  paper  indicate  such  a  change  to 
be  unlikely. 

Compounds  of  Hesperitin  with  Potassium  and  /Sodium  Acetates. 

It  has  been  pointed  out  in  a  previous  communication  (lac.  cit.)  that 
certain  colouring  matters,  when  treated  with  the  alkali  acetates  in 
presence  of  alcohol,  yield  mono-substituted  salts ;  experiment  showed 
that  hesperitin  behaved  in  a  somewhat  similar  manner.  When  a  con- 
centrated alcoholic  solution  of  hesperitin  is  treated  with  potassium 
acetate,  crystals  of  a  salt  separate  rapidly,  and,  being  insoluble,  may 
be  collected  and  washed  with  alcohol.  The  yield  was  1-78  grams  salt 
from  2  grams  of  hesperidin.  Analyses  were  made  of  separate  prepara- 
tions, which  were  dried  at  160°. 

0-8164  gave  0-1026  K2SO4.     K  =  5-63. 
0-7770    „     0-1000  K2SO4.     K  =  5-77. 

At  first  sight,  this  salt  appeared  to  have  the  formula  C32H2yOj2K,  or 
a  double  molecule  of  hesperitin  with  one  hydrogen  displaced  by  the 
metal  (K  =  6-07).  As,  however,  further  analyses  again  gave  this  some- 
what low  percentage,  the  yield  of  hesperitin  obtained  on  decomposing 
the  salt  with  acid  was  determined. 

0-9100  gave  0-7740  hesperitin.     Found  85-05. 
2-8650    „     2-4270  „  „       84-71. 

0-9966     „     0-8510  „  „      85-38. 

03211270^2^  requires  CjgHj^Og^  94-08  per  cent. 
{G-iqR-^^Oq)2,C2H.^02K.  requires  CieH^^Og  =  86-03  per  cent. 

3  z  2 
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It  appears,  therefore,  that  this  salt  is  a  compound  of  2  molecules  of 
hesperitin  with  1  of  potassium  acetate.  That  no  decomposition  had 
ensued  during  the  formation  of  this  substance  was  evident,  for  the 
mother  liquors  from  its  preparation  contained  only  a  trace  of  unaltered 
hesperitin,  and  that  regenerated  from  the  salt  by  acid  had  the  normal 
melting  point. 

The  salt  forms  colourless  needles  almost  insoluble  in  alcohol  and 
cold  water,  but  decomposed  by  boiling  water  with  formation  of 
hesperitin.  This  was  identiBed  by  its  melting  point,  223 — 225°,  and 
the  following  analysis. 

0-1161  gave  0-2707  CO.^  and  0-0490  H2O.     C  =  63-58;  H  =  4-69. 
C^ie^i A  requii'es  0  =  63-57  ;  H  =  4-63  per  cent. 

An  estimation  of  the  hesperitin  set  free  in  this  manner  showed  that 
the  reaction  was  somewhat  complex,  for  1-3382  gram  of  salt  gave  but 
0-6930  gram  of  hesperitin,  or  51 -8  per  cent.  ;  the  pale  yellow  filtrate 
was  now  treated  with  acid,  when  a  precipitate  of  0-4300  gram  of 
hesperitin,  melting  at  223 — 226°,  was  obtained,  giving  a  total  yield  of 
83-93  per  cent.  It  thus  appears  probable  that  boiling  water  decom- 
poses this  salt  with  elimination  at  first  of  potassium  acetate,  and  that 
this  then  reacts  with  a  portion  of  the  hesperitin,  forming  a  potassium 
salt  soluble  in  water,  acetic  acid  being  liberated  at  the  same  time. 
The  sodium  compound  formed  from  hesperitin  and  sodium  acetate 
crystallised  in  colourless  needles  closely  resembling  the  potassium 
salt, 

0-6435  gave  0-0730  Na2S04.     Na  =  3-67. 

{^i6^u'^6)2'^^^2^s^2  requires  ]S[a  =  3-35  per  cent.  * 
Maclurin  and  phloretin,  however,  yield  no  insoluble  compounds  in 
this  manner. 

Potassiwm  and  Sodium  Hesperitin. 

The  formula?  of  the  substances  just  described  suggested  that  the 
molecular  weight  of  hesperitin  was  twice  that  usually  assigned  to  it, 
or  C32H28O12,  and  as  it  was  found  that  potassium  and  sodium  deriva- 

*  Further  experiments  on  the  salts  of  quercetin  and  morin  obtained  by  means  of 
the  alkali  acetates  (/oc.  cit.)  show  that  they  are  true  salts  and  not  constituted  like 
the  hesperitin  compounds.  Thus  potassium  quercetin  has  the  formula  CisHgO-K,  as 
on  decomposition  with  acids  it.  gives  88-54  percent,  of  quercetin  (theory  ==88  "8). 
The  power  of  forming  salts  in  this  manner  is  not  confined  to  the  quercetin  group, 
hut  is  also  possessed  by  some  other  colouring  matters.  In  this  reaction,  for  instance, 
alizarin  gives  Ci4H,04K  (found  K  =  14-01,  theory  K  =  14-02),  a  crystalline,  violet- 
coloured  salt,  and  from  anthragallol  the  compound  Ci4H70gK  (found  K  =  13'26, 
theory  K  =  13-26)  is  obtained  in  small,  blue-black  needles.  Hfcmatein  and  brazilein 
poHsess  a  similar  property,  and  experiments  are  in  progress  with  regard  to  other 
mordant  dye-stuflTs. 
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tives  could  be  prepared,  these  were  studied  with  the  object  of  elucidat- 
ing this  point. 

When  hesperitin  was  added  to  a  solution  of  potassium  hydrogen 
carbonate  and  the  mixture  boiled,  it  gradually  dissolved,  forming  a 
pale  yellow  liquid,  which,  on  further  heating,  deposited  a  colourless, 
crystalline  powder  ;  the  addition  of  a  fresh  quantity  of  the  solid 
bicarbonate  to  the  hot  solution  was  frequently  of  advantage.  When 
cold,  the  product  was  collected,  washed  with  water,  and  dried  at  160°. 

0-5617  gave  0-0760  K2SO4.     K  =  6-06. 

Cg.2H.2yOyyK  requires  K  =  6-07  per  cent. 

Potassium  hesperitin  forms  minute,  colourless  plates  insoluble  in 
cold  water  and  readily  decomposed  by  dilute  acids,  yielding  hesperitin. 

Sodium  hesperitin,  prepared  in  a  similar  manner,  closely  resembles 
the  above  salt. 

0-8225  gave  0-0940  Na.SO^.     Na  =  3-70. 
0-6730     „     0-0820  Na^SO^.     Na  =  3-94. 

C32H270p2Na  requires  Na=3-67  per  cent. 

These  results  indicate  that  the  molecular  weight  of  hesperitin  is 
represented  by  the  formula  C30H23OJ2  j  consequently,  the  formulae  of 
its  derivatives  must  also  be  doubled.  The  acetyl,  teti-azobenzene, 
and  acetyltctrazobenzene  compounds  will  accordingly  be  respectively 
[C,eH,,Oe(C2H30)3]2,  [C,6Hi20o(C,H,N2)2]2,  and 

If  hesperitin  had  the  simple  formula  C^gH^^O^,  it  would  be  evident 
that  Tiemann  and  Will's  constitution  {loc.  cit.), 

oh-C6H3(och3)-ch:ch-co-o-C6H3(oh)2, 

was  correct,  and  this  would  be  further  supported  by  the  experiments 
of  Hoffmann,  who  obtained  from  it  an  almost  quantitative  yield  of 
phloroglucinol  and  hesperitinic  acid  {loc.  cit.).  The  expression  of 
this  by  a  double  formula  is  difficult,  for  were  hesperitin  but  a 
polymerised  substance  of  this  constitution,  it  might  be  expected  to 
yield  di-  and  not  mono-potassium  and  sodium  salts ;  whether 
these  result  merely  from  the  neutralisation  of  a  carboxyl  group  or 
are  in  any  way  related  to  the  mono-substituted  salts  of  quercetin  and 
other  colouring  matters  (loc.  cit.)  is  not  certain,  but  the  study  of  the 
latter  compounds,  now  in  hand,  will  tend  to  elucidate  this  point. 

Owing  to  the  costly  nature  of  hesperitin  and  the  difficulty  of  obtain- 
ing just  now  suitable  raw  material  for  its  preparation,  it  will  not  be 
further  studied  at  present. 

It  is  interesting  to  note  that  the  azobenzene  derivative  of  hesperitin 
on  acetylation,  gives  a  true  indication  of  the  hydroxyl  groups  which 
hesperitin  itself  contains,  and  this,  in  previous  communications,  has  also 
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been  shown  to  be  the  case  with  the  azobenzene  compounds  of  maclurin, 
cotoin,  apigenin,  chrysin,  euxanthone,  and  gentisin.  The  fact, 
already  alluded  to  in  this  paper,  that  phloretin  in  this  manner  gives 
an  abnormal  result,  points  to  the  probability  that  its  constitution 
differs  in  some  respects  from  that  assigned  to  it  at  present. 

Clothworkers'  Research  Laboratory, 
Dybing  Department, 

Yorkshire  College. 


ANNUAL  GENERAL  MEETING, 

March  31,  1898. 

Professor  Dewar,  President,  in  the  Chair. 

Mr.  W.  G.  McMillan  and  Dr.  Thorne  were  appointed  Scrutators, 
and  a  ballot  was  opened  for  the  election  of  Officers  and  Council  for 
the  ensuing  year,  the  ballot  being  closed  at  the  conclusion  of  the 
President's  address. 

The  President,  in  beginning  his  address,  remarked  that  the  papers 
submitted  to  the  Society  during  the  past  session  included  original 
works  in  all  branches  of  Chemical  Science.  They  have  been  con- 
tributed, not  only  from  the  laboratories  of  the  older  Universities  of 
Oxford  and  Cambridge,  but  also  from  the  University  Colleges  and 
other  institutions  throughout  the  country.  The  publications  of  the 
Society  are,  therefore,  a  complete  record  of  English  Chemical  Science, 
and  of  the  researches  pursued  at  different  educational  centres  through- 
out the  country. 

The  Proceedings  is  now  the  medium  of  publication,  not  only  of 
abstracts  of  papers  which  will  subsequently  appear  in  the  Transactions, 
but  also  of  the  rapid  publication  of  short  papers  and  preliminary 
notices. 

The  rule,  which  came  into  force  last  year,  requiring  that  authors 
shall  deposit  their  papers  and  abstracts  with  the  Secretaries  before 
they  are  officially  announced  for  reading  at  a  meeting,  has  worked 
well  ;  it  has  made  it  possible  to  expedite  the  publication  of  the 
Proceedings,  and  to  send  advance  proofs  to  the  authors  for  correction. 

The  meetings  have  been  well  attended,  the  meeting-room  being  often 
quite  full.  Occasionally,  interesting  discussions  have  taken  place,  but 
as  so  many  of  our  papers  deal  with  details  and  matters  of  fact, 
anything  like  a  debate  must  necessarily  be  of  rare  occurrence. 

The  following  past  Presidents,  Lord  Playfair,  Dr.  A.  W.  Williamson, 
SirE.  Frankland,  Dr.  W.  Od]ing,Sir  F.  A.  Abel,  Dr.  J.  H.  Gladstone, 
Sir  J.    H.    Gilbert,    this    year    complete    a  connection    of    50  years 
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with  the  Society.  To  mark  its  sense  of  the  great  services  they  have 
rendered  to  Chemical  Science,  the  Council  has  resolved  to  entertain 
them,  in  the  name  of  the  Society,  at  a  dinner  on  June  9th,  given  to 
commemorate  their  half-century  of  Fellowship  of  the  Society. 

During  the  past  year  the  Council  has  had  under  consideration  the 
question  of  a  revision  of  the  Bye-laws.  A  Committee  was  appointed 
early  in  the  year,  which  has  met  several  times  during  the  session,  but, 
in  view  of  the  wider  questions  which  have  occupied  the  attention  of 
the  Council,  they  have  not  been  able  to  complete  their  report. 

During  the  session  a  section  of  the  Fellows  residing  at  a  distance 
from  London  have  expressed  a  desire  to  take  part  in  the  election  of 
Officers  and  Council,  without  being  forced  to  undertake  a  journey  to 
London  to  register  their  votes  at  the  Annual  General  Meeting.  A 
Memorial  was  drawn  up,  asking  the  Council  to  prepare  and  lay  before 
the  Society  a  Bye-law  enabling  Fellows  to  record  their  votes  by  post. 
This  Memorial  was  signed  by  540  Fellows,  of  whom  400  resided  outside 
the  London  district.  In  the  meantime,  the  Bye-law  Committee  had 
taken  steps  to  ascertain  the  powers  of  the  Society  in  this  matter  under 
their  Charter.  They  were  legally  advised  that  any  Bye-law  framed 
to  admit  voting  by  post  or  proxy  would  be  repugnant  to  the  Charter, 
and  therefore  invalid. 

"When  the  Memorial  was  presented  to  the  Council,  a  covering  letter 
contained  another  suggestion,  viz.,  that  it  might  probably  be  necessary 
to  obtain  a  Supplemental  Charter,  in  order  to  ble  the  Council  to 
carry  out  the  wishes  of  the  Memorialists.  This  suggestion  was  seriously 
considered  by  the  Council,  and  further  legal  opinion  was  taken  on  the 
subject.  They  were  advised  that  no  application  for  a  Supplemental 
Charter  which  was  not  supported  by  the  practically  unanimous  wish  of 
the  Fellows  would  be  listened  to  by  the  Privy  Council.  They  have 
since  been  further  advised  that  it  would  be  ultra  vires  on  their  part  to 
expend  any  part  of  the  funds  of  the  Society  in  applying  for  a  Supple- 
mental Charter.  All  the  documents  relating  to  the  Memorial  and  the 
various  legal  opinions,  together  with  the  decisions  of  the  Council,  have 
already  appeared  in  the  Proceedings,  pp.  1,  33,  61. 

The  following  eminent  foreign  chemists,  whose  names  are  familiar 
to  us  all  as  of  those  who  have  advanced  knowledge  in  various 
departments  of  our  science,  were  elected  Foreign  Members  in  January 
of  this  year,  bringing  the  total  number  of  Foreign  Members  of  the 
Society  up  to  38  :  Professors  S.  Arrhenius  ;  Th.  Curtius  ;  A.  P.  N. 
Franchimont ;  W.  Korner  ;  "W.  Markownikolf  ;  N.  A.  Menschutkin  ;  H. 
Moissan ;  W.  Oatwald  3  F.  M.  Raoult ;  I.  Eemsen  :  W.  Spring  ;  L.  J. 
Troost ;  P.  Waage ;  J.  D.  van  der  Waals.  The  Society  has  lost  a 
Foreign  Member  by  death  :  Professor  Victor  Meyer,  one  of  the  moso 
brilliant  and  original  of  the  modern  school  of  chemists.    The  Kekul6 
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Memorial  Lecture  has  been  delivered  by  Professor  Japp.  It  has 
been  resolved  that  the  Memorial  Lectures  delivered  up  to  1896 
shall  be  bound  and  published  as  Vol.  I.  of  the  Society's  Memorial 
Lectures  as  soon  as  possible. 

The  Council  have  nominated  the  Treasurer  and  Editor  as  delegates 
for  the  Society  to  the  National  Committee  appointed  by  the  Koyal 
Society  to  prepare  a  Catalogue  of  Scientific  Literature. 

The  remainder  of  the  President's  address  was  devoted  to  an  account 
of  recent  advances  in  Low  Temperature  Research,  which  will  sub- 
sequently appear  in  the  Transactions. 

The  numerical  strength  of  the  Society  was  as  follows  : — 

Number  of  Fellows,  March  31st,  1897    2079 

„  „  since  elected    114 

„  „  reinstated  by  Council 4 

2197 
Removed  on  account  of  non-payment  of  two 

annual  subscriptions 16 

Withdrawn     22 

Deaths    19 

57 

Number  of  Fellows,  March  31st,  1898  2140 

Foreign  Members 38 

Fourteen  Foreign  Members  were  elected  dv;ring  the  year. 

The  names  of  those  removed  were  : — J.  Burgess  ;  T.  R.  Carswell ; 
L.  B.  Dutson  ;  W.  T.  Gibbs ;  R.  B.  Greaves  ;  T.  B.  Hall ;  E.  H.  Hill ; 
P.  Hudson;  C.  W.  Lee;  W.  M.  Martin;  R.  A.  Rouillard ;  J.  W. 
Slater ;  J.  W.  Smith ;  R.  M.  Sumner ;  W.  Virtue  ;W.  H.  Walden. 

The  following  have  withdrawn  : — C.  L.  Barnes  ;  J.  C.  Cain ;  W. 
Johnstoun  Coombes ;  E.  C.  Copas ;  J.  H.  Freeman ;  D.  St.  J.  Grant ; 
A.  L.  Guiterman  ;  James  Hall ;  John  Howard ;  R.  E.  Hughes  ;  J.  W. 
James ;  A.  Luty ;  A.  Kinninmont ;  D.  J.  Morgan ;   E.  W.  Napper ; 

E.  W.  Prevost ;  Frederick  Quincke  ;  D.  H.  Richards  ;  A.  E.  Richardson  ; 
R.  Routledge ;  W.  E.  Sim ;  E.  E.  H.  Thorne ;  C.  A.  Warren. 

The  following  have  died  :— J.  J.  Bowrey ;  G.  W.  Child  ;  E.  H.  Gas- 
kell ;  B.  H.  Gibbins ;  W.  A.  L.  Hammersley ;  S.  J.  Harris ;  W.  L. 
Hiepe ;  Walter  Jardine ;  G.  A.  Keyworth ;  M.  H.  Lackersteen ; 
Samuel  Lees  ;  Herman  Lescher  ;  Thomas  Mitchell ;  Howard  Newton  ; 

F.  M.  Rimmington ;  J.  W.  Rodger ;  Taraprasanna  Roy ;  W.  J.  Saint ; 
James  Napier. 

The  number  of  communications  made  to  the  Society  during  the  year 
was  127. 
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One  hundred  and  fourteen  papers  were  published  in  the  Transactions 
for  1897,  occupying  1204  pages,  whereas  in  the  preceding  year  117 
papers  were  published,  occupying  1702  pages. 

The  following  were  the  statistics  relating  to  the  Abstracts. 

Part  I. 

Pages.         No.  of  Abstracts. 
Organic  Chemistry  648  1049 

Part  II. 

General  and  Physical  Chemistry    324 

Inorganic  Chemistry   270 

Mineralogical  Chemistry     192 

Physiological  Chemistry 168 

Chemistry  of  Vegetable  Physiology  and  Agri- 
culture    158 

Analytical  Chemistry 414 

Total  in  Parts  I.  and  II 612  1526 
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Eight  hundred  and  fifty  volumes  had  been  borrowed  from  the 
Library.  The  additions  comprised  78  books,  282  volumes  of  periodicals, 
and  36  pamphlets. 

The  President  then  gave  a  short  account  of  some  low  temperature 
phenomena,  which  he  hoped  to  discuss  more  fully  in  his  valedictory 
address  to  the  Fellows  next  year. 

Sir  "VV.  Crookes,  F.R.S.,  proposed  a  vote  of  thanks  to  the  President, 
coupled  with  the  request  that  he  would  allow  his  address  to  be  printed 
in  the  Transactions. 

Dr.  W.  J.  Russell,  F.R.S.,  seconded  the  motion,  which  was  carried 
by  acclamation. 

The  President  having  I'eturned  thanks, 

Dr.  TnoRPE,  F.R.S.,  the  treasurer,  gave  an  account  of  the  balance 
sheet,  which  he  laid  before  the  Society,  duly  audited. 

The  receipts  had  been : — By  admission  fees  and  subscriptions, 
£3827  ;  by  sale  of  Journal  and  advertisements,  £686  3s.  Qd. ;  and  by 
dividends  on  invested  capital,  .£414  6s.  Od.  The  expenses  had  been: 
— On  account  of  the  Journal,  £2963  lis.  \d.  ;  on  account  of  the 
Proceedings,  £27&  7s.  10c/. ;  on  account  of  the  General  Index, 
£182  18«.  \d.;  on  account  of  the  Library,  £307  4s.  9cZ. ;  House 
expenses,  £203  6s.  Id.  ;  the  total  expenditure  being  £4807  6s.  %d. 
Grants  amounting  to  £150  had  been  made  to  Fellows  from  the  Re- 
search Fund  during  the  year.  (For  Balance  Sheet  sec  pp,  1044 — 1046. 
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Dr.  Gladstone,  F.R.S.,  proposed  that  the  thanks  of  the  Fellows  be 
tendered  to  the  Treasurer  for  his  services  during  the  past  year  ;  this 
motion  was  seconded  by  Dr.  Stevenson,  and  carried. 

The  Treasurer,  in  responding,  proposed  a  vote  of  thanks  to  the 
auditors. 

Dr.  Atkinson  seconded  the  motion,  which  was  unanimously 
adopted,  and  acknowledged  by  Mr.  R.  J.  Friswell. 

Mr.  D.  Howard  proposed  a  vote  of  thanks  to  the  Officers  and 
Council. 

Mr.  Cassal  seconded  the  motion,  which  was  unanimously  adopted. 

Prof.  Thomson,  F.R.S.,  responded  on  behalf  of  the  Council. 

Dr.  B.  Dyer  proposed  a  vote  of  thanks  to  the  Editor,  Sub-Editor, 
Abstractors,  and  Indexers,  which  was  seconded  by  Mr.  R.  J.  Friswell, 
and  carried. 

Mr.  Groves,  F.R.S.,  responded. 

The  Scrutators  having  presented  their  report  to  the  President,  he 
declared  that  the  following  had  been  duly  elected  : — 

President :  James  Dewar,  M.A.,  LL.D.,  F.R.S. 

Vice-Presidents  who  have  filled  the  office  of  President :  Sir  F.  A.  Abel, 
Bart.,  K.C.B.,  D.C.L.,  F.R.S. ;  H.  E.  Armstrong,  Ph.D.,  LL.D.,  F.R.S. ; 
A.  Crum  Brown,  D.Sc,  LL.D.,  F.R.S. ;  Sir  W.  Crookes,  F.R.S. ;  Sir 
E.  Frankland,  K.C.B.,  D.C.L.,  F.R.S. ;  Sir  J.  H.  Gilbert,  Ph.D.,  LL.D., 
F.R.S.  ;  J.  H.  Gladstone,  Ph.D.,  D.Sc,  F.R.S.  ;  A.  Vernon  Harcourt, 
M.A.,  D.C.L.,  F.R.S.  ;  H.  Muller,  Ph.D.,  LL.D.,  F.R.S. ;  W.  Odling, 
M.B.,  F.R.S.  ;  W.  H.  Parkin,  LL.D.,  Ph.D.,  F.R.S.  ;  Lord  Playfair, 
G.C.B.,  LL.D.,  F.R.S.;  Sir  H.  E.  Roscoe,  LL.D.,  F.R.S.;  W.  J. 
Russell,  Ph.D.,  F.R.S.  ;  A.  W.  Williamson,  LL.D.,  F.R.S. 

Vice-Presidents:  F.  R.  Japp,;,M.A.,  LL.D.,  F.R.S.;  G.  D.  Liveing, 
M.A.,  D.Sc,  F.R.S.  ;  William  Ramsay,  Ph.D.,  LL.D.,  F.R.S. ;  J. 
Emerson  Reynolds,  M.D.,  D.Sc,  F.R.S.  ;  John  M.  Thomson,  F.R.S.  ; 
William  A.  Tilden,  D.Sc  F.R.S. ; 

Secretaries  :  Wyndham  R.  Dunstan,  M.A.,  F.R.S. ;  W.  P.  Wynne, 
D.Sc,  F.R.S. 

Foreign  Secretary  :  Raphael  Meldola,  F.R.S. 

Treasurer :  T.  E.  Thorpe,  LL.D.,  F.R.S. 

Other  Members  of  Council :  P.  Phillips  Bedson,  D.Sc. ;  E.  J.  Bevan  ; 
H.  J.  H.  Fenton,  M.A.  ;  W.  Gowland  ;  Otto  Hehner  ;  C.  T.  Heycock, 
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OBITUARY   NOTICES. 

W.  L.  HiEPE,  who  was  born  in  March,  1855,  at  Wiesbaden,  studied 
chemistry  there  under  Fresenius,  and  subsecjuently  at  the  University 
of  Berne  ;  whilst  at  Berne,  he  became  assistant  to  Professor  Forster 
at  the  Astronomical  Observatory,  and  subsequently  took  his  degree 
of  Phil.  Doc.  at  the  University.  In  1877,  he  came  to  England 
as  assistant  to  Dr.  A.  Hill,  the  Medical  Officer  of  Health,  Birming- 
ham, which  position  he  filled  until  about  1885,  when  he  became 
assistant  to  Mr.  Frank  Faulkner ;  in  the  latter  capacity,  he  became 
a  specialist  in  the  science  and  practice  of  brewing.  In  1888,  he 
set  up  in  practice  for  himself  in  Manchester,  and  in  1895  he  and 
Dr.  A.  K.  Miller  united  their  separate  practices.  Dr.  Hiepe  read 
several  papers  before  the  North  of  England,  and  the  Midland  Insti- 
tutes of  Brewing,  and  in  1896  filled  the  position  of  President  to  the 
former  Society. 

Dr.  Hiepe  died  suddenly  at  his  residence  at  Withington,  Man- 
chester, on  February  13th  of  this  year. 


James  "Wyllie  Rodger. — By  the  death  of  James  Wyllie  Rodger,  at 
the  early  age  of  twenty-nine,  Chemical  Science,  and  especially  that 
section  of  it  which  is  more  immediately  related  to  physics,  has  lost  one 
of  the  most  promising  and  most  enthusiastic  of  its  cultivators. 

Mr.  Rodger  was  born  at  Stewarton,  in  Ayrshire,  on  December  11th, 
1867.  After  passing  through  the  public  school  of  his  native  place, 
he  was  sent  to  the  well-known  Academy  at  Kilmarnock,  where,  under 
the  stimulating  influence  of  Dr.  Dickie,  his  taste  and  aptitude  for 
experimental  science  were  quickly  made  manifest.  In  1884,  he  gained 
a  free  studentship  at  the  Royal  College  of  Science,  or,  as  it  was  then 
called,  the  Normal  School  of  Science,  South  Kensington.  As  a 
student  at  the  College  his  career  was  exceptionally  brilliant,  and 
such  class  distinctions  as  were  open  to  him  he  gained  in  rapid 
succession.  In  1885  he  was  awarded  a  Royal  Scholarship  ;  in  1886,  the 
Murchison  Prize  in  Geology  ;  in  1887,  the  Tyndall  Prize  in  Physics ; 
and  the  Frank  Hatton  and  Departmental  Prizes  in  Chemistry  in  1888, 
taking  his  Associateship  in  Chemistry,  with  special  distinction,  at  the 
close  of  his  course.  During  his  studentship  he  threw  himself  with 
characteristic  ardour  and  enthusiasm  into  the  social  life  of  the  place, 
and  took  a  leading  part  in  all  the  College  Societies,  especially  of  the 
Union,  of  which  he  was  the  first  chairman,  and  of  the  College  Parlia- 
ment, of  which  he  was  for  a  time  Speaker.     These  positions  not  only 
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ofFered  him  opportunities  for  the  exercise  of  much  influence  for  good 

among  the  students,  but  afforded  him  occasion  for  the  cultivation  of 

his  remarkable  gift  of  clear  and  forcible  exposition,  thereby,  no  doubt, 

contributing  to  his  subsequent  success  as  a  lecturer. 

At  the  close  of  his  student-career  Mr.  Rodger  was  disposed,  for  a 

time,  to  attach  himself  to  biology,  for  which  study  he  had  always  much 

sympathy.     He  soon  discovered,  however,  where  his  real  strength  lay, 

and  entering  the  chemical  laboratory  he  devoted  himself  to  research, 

working  in  conjunction  with  the  writer  of  this  notice.     His  first  essay 

in  investigation  was  a  critical  inquiry  into  the  validity  of   Potiliziu's 

'  law '  of  the  mutual  displacement   of  chlorine  by  bromine,  the  results 

of  which  were  published  in  the  Proceedings  of  the  Society  for  1888. 

The  subject  was  of  some  little  importance  in  relation  to  Berthelot's 

'  law  of  maximum  work.'    Potilizin's  law  states  that  if  A  be  the  atomic 

weight  of  a  metal,  2^  the  percentage  of  chlorine  displaced  from  its 

chloride,  when  this  is  heated  with  an  equivalent  quantity  of  bromine 

A 
in  a  vacuous  tube,  and  U  its  valency,  then  — -  =  const.    Experiments 

made  with  the  chlorides  of  sodium,  potassium,  strontium,  barium,  and 
lead  showed  that  the  *  law '  was  altogether  invalid,  and  was  only  very 
approximately  fulfilled  in  the  case  of  silver  chloride.  This  paper  was 
followed  by  a  more  ambitious,  and,  as  it  proved,  a  far  more  arduous 
piece  of  work  on  thiophosphoryl  fluoride,  a  spontaneously  inflam- 
mable gas  discovered  in  the  laboratory  of  the  Royal  College  of  Science, 
which  was  at  that  period  occupied  with  the  study  of  various  fluorine 
compounds.  The  complete  paper  appeared  in  the  Transactions  of  the 
Society  in  1889. 

During  the  next  four  years  Mr.  Rodger  was  almost  exclusively 
engaged  upon  an  inquiry  concerning  the  relation  between  the  viscosity, 
or  internal  friction,  of  liquids  and  their  chemical  nature.  This  investiga- 
tion was  part  of  the  general  question  of  the  interdependence  of  the 
chemical  and  physical  properties  of  substances  which  has  occupied  the  at- 
tion  of  many  workers  from  the  time  of  Kopp  downwards.  It  involved  the 
accurate  measurement  of  the  internal  friction  of  a  large  number  of 
liquids  of  various  types  over  comparatively  wide  ranges  of  tempera- 
ture, and  necessitated  the  preparation,  with  a  scrupulous  regard  to 
purity,  of  a  great  variety  of  substances.  For  work  of  this  kind,  de- 
manding knowledge,  judgment,  patience,  manipulative  skill,  and  a  high 
ideal  of  accuracy,  Mr.  Rodger  was  particularly  well  adapted.  The 
memoir  when  presented  to  the  Royal  Society  was  made  the  Bakerian 
Lecture  for  the  year,  and,  by  permission  of  the  Council,  it  was  arranged 
that  Mr.  Rodger,  although  not  a  Fellow,  should  deliver  the  Lecture. 
He  was  thus  the  youngest  of  all  the  Bakerian  Lecturers  from  the  time 
of  Peter  Woulff,  the  first  in  the  series,  whose  memory  mainly  lives  in 
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connection  with  the  piece  of  chemical  apparatus  which  bears  his  name. 
Mr.  Rodger's  powers  of  exposition  were  somewhat  severely  tried  by  this 
ordeal,  but  he  discharged  his  task  admirably,  giving,  in  the  necessarily 
limited  time  at  his  disposal,  a  remarkably  well-balanced  summary  of  a 
complicated  investigation,  dealing  with  many  novel  points  in  methods 
of  observation,  and  in  the  reduction,  treatment,  and  discussion  of 
results.  It  may  be  claimed  for  this  work  that  it  has  added  con- 
siderably to  our  knowledge  of  the  internal  friction  of  liquids,  more 
especially  in  relation  to  temperature,  and  that  it  has  served  to  establish 
the  fact  of  the  intimate  connection  which  exists  between  this  parti- 
cular physical  property  and  the  chemical  nature  of  molecules.  The 
results  of  the  inquiry  were  published  in  the  Philosophical  Transactions 
for  1894.  They  were  followed  by  a  second  paper,  under  the  same 
title,  which  dealt  more  particularly  with  the  ethers  and  esters,  and 
was  moi'e  immediately  concerned  with  the  profound  effect  of  oxygen 
on  viscosity,  depending  upon  its  mode  of  combination  {Phil.  Trans., 
189,  71,  1897).  A  third  paper,  on  the  "Relation  between  the 
Solubility  of  a  Gas  and  the  Viscosity  of  its  Solvent,"  appears  in  these 
Transactions  for  1894.  A  fourth  paper,  "  On  the  Viscosity  of  Mixtures 
of  Miscible  Liquids,"  was  also  communicated  to  this  Society,  and  was 
published  in  the  Transactions  for  1897. 

Mr.  Rodger's  knowledge  of  the  special  field  of  inquiry  to  which  he 
now  elected  to  devote  himself,  combined  with  the  power  and  ability 
he  displayed  as  a  teacher,  induced  "  My  Lords "  to  sanction  his 
appointment  as  Lecturer  on  Chemical  Physics  in  the  Royal  College  of 
Science,  and,  until  prostrated  by  illness,  he  annually  gave  a  course  of 
lectures  on  this  subject  during  the  summer  term  to  the  senior 
students  in  the  chemical  laboratory,  which  did  much  to  popularise  the 
study  of  this  important  and  rapidly  growing  branch  of  science  at 
South  Kensington.  He  was  also  gradually  gaining  a  position  of 
authority  as  a  writer  on  subjects  connected  with  physical  chemistry, 
as  shown  by  his  many  articles  and  critiques  contributed  to  Nature 
and  to  Science  Progress.  In  1894,  he  was  promoted  to  one  of  the 
Senior  Demonstratorships,  and  was  placed  in  charge  of  one  of  the 
main  chemical  laboratories.  This  position,  involving  the  superin- 
tendence of  a  large  number  of  students,  left  him  but  little  opportunity 
for  research  work  during  a  great  portion  of  the  session.  He  was, 
however,  too  deeply  imbued  with  the  spirit  of  the  true  investigator 
to  be  readily  daunted.  He  associated  himself  with  the  more  pro- 
mising of  the  senior  students,  to  whom  he  communicated  some  part  of 
his  own  zeal  and  enthusiasm  in  original  work,  one  outcome  of  which 
is  seen  in  the  short  paper  published  in  conjunction  with  Mr.  J.  8.  S. 
Brame,  "On  the  Optical  Rotations  of  Methvl  and  Ethyl  Tartrates," 
which   has   recently   appeared   in   the   Transactions    (1898,  p.   301). 

VOL.  LXXIII  4  A 
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Such  time  as  he  could  snatch  after  official  hours,  or  during 
the  vacations,  he  also  gave  to  experimental  inquiry,  often  working 
far  into  the  night.  It  was  under  these  conditions  that  he  produced, 
in  conjunction  with  his  friend,  Mr.  W,  "Watson,  the  remarkable 
memoir,  "  On  the  Magnetic  Rotation  of  the  Plane  of  Polarisation  of 
Light  in  Liquids,"  which  was  published  in  the  Philosophical  Transac- 
tions for  1895.  In  this  paper  the  authors  gave  the  results  of  a  series 
of  careful  determinations,  in  absolute  measure,  of  the  magnetic 
rotation  of  carbon  disulphide  and  water  at  different  temperatures. 
It  was  intended  to  be  the  first  of  a  number  of  papers  dealing 
with  the  effect  of  the  chemical  nature  of  liquids  on  this  property, 
and  its  correlation  with  other  physical  properties,  concerning 
which  Mr.  Rodger  had  collected  a  considerable  amount  of  biblio- 
graphical material.  Unfortunately,  the  hopes  which  were  centred 
round  this  paper  were  not  to  be  realised.  At  about  this  period 
he  gave  serious  indications  of  the  malady  to  which  he  eventually 
succumbed.  There  is  little  doubt  now  that  the  strenuous  labours  of 
this  time  greatly  aggravated  his  complaint.  Although  of  active 
bodily  habits  and  fond  of  out-door  sports,  he  was  never  constitu- 
tionally strong.  In  spite  of  repeated  warnings  and  the  frequent 
advice  of  friends,  he  could  not  be  induced  to  lie  fallow  for  a  while. 
The  constant  di-afts  on  his  great  store  of  nervous  enei'gy  were  plainly 
undermining  his  physical  powers.  During  the  winter  of  1895  he  was 
attacked  by  influenza,  from  which  he  only  slowly  recovered.  This, 
indeed,  was  the  beginning  of  the  end.  Shortly  after  his  return  to 
work  in  the  January  of  1896,  he  again  broke  down  ;  his  condition  was 
at  once  seen  to  be  most  critical,  and  he  was  granted  extended  leave. 
Although  at  times  he  seemed  to  rally,  and  spoke  cheerfully  of  the 
future,  the  insidious  disease  from  which  he  suffered  steadily  gained 
ground,  and  for  some  months  before  his  death  it  was  but  too  painfully 
evident  that  his  friends  must  relinquish  all  hope  of  his  recovery. 
He  died  of  phthisis  on  May  30th,  1897. 

Mr.  Rodger  was  elected  into  the  Chemical  Society  in  1892,  and  so 
long  as  his  health  permitted  he  was  a  regular  attendant  at  the 
meetings,  frequently  takii)g  part  in  the  discussions,  especially  on 
papers  relating  to  chemical  physics.  His  power  and  promise  were 
quickly  recognised  by  the  general  body  of  the  Fellows,  and  especially 
by  those  who  wei-e  entrusted  with  the  management  of  the  affairs  of 
the  Society.  He  was  at  times  of  great  assistance  to  the  Publication 
Committee  as  a  referee  on  papers  connected  with  his  special  lines  of 
inquiry.  He  was  most  painstaking  and  conscientious  in  the  discharge 
of  what  is  often  a  most  delicate  and  invidious  duty,  and  his  reports 
were  invariably  characterised  by  judgment  and  strict  impartiality. 
Although  a  comparatively  young  Fellow,  he  was  eventually  placed  on 
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the  Committee  itself,  and  was  at  the  same  time  made  a  member  of  the 
Library  Committee  and  of  the  Committee  charged  with  the  prepara- 
tion of  the  Collective  Index  of  the  Society's  Publications.  He  was 
elected  on  the  Council  in  1896,  but  died  before  his  term  of  office  had 
expii-ed. 

Mr.  Rodger  had  a  singularly  amiable  disposition  and  great  charm 
of  manner.  He  was  very  popular  as  a  teacher,  considerate  and 
helpful  to  students,  ever  ready  to  share  in  their  aspirations,  and  to 
sympathise  with  them  in  their  ambitions.  With  his  elders  he  was  no 
less  popular ;  they  respected  him  for  his  ability,  and  admired  him  for 
his  manly  independence,  and  his  frank,  ingenuous,  straightforward 
bearing.  By  the  writer  of  this  notice,  his  memory  will  be  cherished 
as  that  of  one  of  the  most  lovable  characters  that  he  has  had  the  good 
fortune  to  know  and  to  be  intimately  associated  with.  T.  E.  T. 
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(Young   and    Stookwell),   T.,  371  ; 

P.,  1898,  74. 
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(Ceomi'ton),  p.,  1897,  225. 
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hydrobromic    acids    (Judson     and 

Walkek),  T.,   410  ;  P.,  1898,  64. 
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Benzaldehyde-o-sulphonic  acid  semicar- 
bazidc  (Herz  and   Bentley),    P., 
1898,  125. 
^)-nitro-,      its       sodium       salt       and 
phenylhydrazone        (Herz         and 
Bentley),  P.,  1898,  125. 
Benzene,  presence  of,  in  American  petrol- 
eum (Young),  T.,  914  ;    P.,   1898, 
175. 
from     phenylhydrazine   and    mercury 
acetamide  (Forster),   T.,  791  ;  P. 
1898,  168. 
theory  (Kekul^  Lecture),   T.,  132; 
P.,  1897,  236. 
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Benzene,  absorption  spectrum  of  (Hart- 
LKY  and  DuBBiE),  T.,  695;  P.,  1898, 
42. 

specific  gravities  and  boiling  points  of 
mixtures  of  Ji-hexane  and  (Jack- 
son and  Young),  T.,  922;  P., 
1898,  176. 

action  of  bromine  on  (Collie  and 
FiiYE),  T.,  241  ;  P.,  1898,  5:^. 

Aci'abromide,  preparation  of,  reduction 
of,  actionof  alcoholic  soda  on  (Matt- 
hews), T.,  244  ;  P.,  1898,  52. 

Aca;«chlorides,     space     formula     for 
(MATTHEW.S),   p.,  1897,  232. 
Kokule'sb(;nzL-ne  formula  and  (Lap- 
worth),  P.,  1897,  233. 
Benzene,  bromo-,  action  of  chlorine  on 
(Matthews),  T.,     244;    P.,   1898, 
52. 

0-,  ?«-,  aud^j-fZibronio-,  })hysical  proper- 
ties of  (Dobbie  and  Marsden),  T.  , 
255. 

p-dihromo-  (Matthews)  T.,  244  ; 
P.,  1898,  52. 

1  :  2  :  4-<j'-^bromo-  (Matthews),  T., 
245  ;  P.,  1898,  52. 

1:3: 5-<rzbromo-2-iodo-,  and  its  bi- 
chloride (McCrae),  T.,  692;  P., 
1898,  166. 

1:3: 5-('/-?bromo-2-iodoso-,  and  its 
(liacetate  (McGrae),  T.,  693;  P., 
1898,  166. 

1:3:  5-i/-ibromo-2-iodoxy.  (McCrae), 
T.,  693  ;  P.,  1898,  166. 

o-bromonitro-  (Dobbie  and  Mars- 
den),  T.,254. 

0;  m-,  and  p-dich]oTo-,  physical  pro- 
perties of  (Dobbie  and  Mar.sden), 
T.,  255. 

1  :  2  :  4-<rtchloro-,  formation  of,  from 
benzene  /(,^:.i'achlorides  (Matthews), 
P.,  1897,  233. 

o-cldorobromo-  (Dobbie  and  Mars- 
den),  T.,  254;  P.,   1898,41. 

nitroso-,  from  ;3-plu;nylliydroxylamine 
and  mercuryacetamide    (Forstek), 
P.,  786  ;  P.,  1898,  168. 
Benzenediazoxide,  4-bromo-2-nitro- 

(Mkldoi.a  and  .Stkkatfeii.o),  T.  ,  688. 
Benzenoid  compounds,    substitution    in 

(I.AT'WOKTH),    T.,     454;    P.,       1897, 

247. 
Benzobornylamide    (Forster),T.,  393  ; 

P.,  1898,  97. 
Benzoic  acid,  action  of  hydrogen  brom- 

idi' on,   in  |ire.senccof  ether  (Fentox 

and  CdSTiJNG),  T. ,  555. 
Benzoic  acid,  7H-amino-,  action  of  potash 
and  chloroform  on  (Elliott), T.  ,145. 

o-nitro-,  action  of  potash  and  chloro- 
form on  (Elliott),  T.,  147;  P., 
1898,  10. 


Benzoneobornylamide     (Forster),    T., 

395  ;  P.,  1898,  97. 
Benzophenone,  sulphonation    of    (Lap- 
worth),  T.,  404  ;  P.,  1898,  112. 
hexachloride,  preparation  of,  action  of 
alcoholic   potash    on,    nitration    of, 
action  of  fuming  sulphuric  acid  on 
(Matthews),    T.,     426,    429;    P., 
1898,  97. 
^rjcliloro-?rt-nitro-    (Matthews),    T., 
430  ;  P.,  1898,  97. 
Benzoplienone-3  :  3' (or  3  :  4')-di8ulplionic 
chloride,  amide  and  piperidide  (Lap- 
worth),  T.,  405,  406  ;  P.,  1898,  112. 
Benzophenonesulphonic      acid,       hcxa- 
chloride   (Matthews),   T.,   431;    P., 
1898,  97. 
Benzophenylsemicarbazide,  isomeric 
forms  of  (Young  and  Annable),  P., 

1897,  199. 

Benzo  - //f -nitrophenylsemicarbazide 

(Young   and  Stockwell),   T.,    372  ; 

P.,  1898,  74. 
Benzoylcamphoryloxime  (Lowry),   T., 

999. 
Benzoylformaldoxime    (Dunstan     and 

Bossi),  T.,  358  :  P.,  1894,  57. 
Benzoyl- /«-nitrodiphenyloxytriazole 

(Young  and   Stogkwell),   T.,  373  ; 

P.,  1898,  74. 
Benzoylphenyl-yS-naphthyloxytriazole 

(Young   and   Stogkwell),    T.,  371  ; 

P.,  1898,  74. 
Benzoylphenyl-y^-tolyloxytriazole 

(Young  and  Stogkwell), T.,  370;  P., 

1898,  73. 

Benzoyltartaric  acid,  diethylic  salt,  ro- 
tatory power  of  (Fr.ANKLAND  and 
McCrae),  T.,  310  ;  P.,  1898,  74. 

Benzoyl-;j-tolylsemicarbazide  (Yoitng 
and  Stogkwell),  T.,  369;  P.,  1898, 
73. 

a-Benzoyltricarballylic  acid,  ethylic  .salt 
(Run  KM  ANN  and  Browning),  T.,  728; 
P.,  1898,  ]6S. 

Benzylcarbamide,  solubility  of,  in  ace- 
tone, benzene,  ether,  and  water 
(Walker  and  Wood),  T.,  626;  P., 
1898,  158. 

Benzylic  alcohol,  formation  of  (Cohen 
and  Calvert),  T.,164;  P.,  1898, 
10. 

Benzylidenediacetoacetic  acid,  ethylic 
salt,  action  of  ferric  chloride  on 
(MoiiRELL  and  Crofts),  T.,  346  ;  P., 
1898,  65. 

Bismuth  jiotassium  carbonate  (Rey- 
nolds), T.,  265  ;  P.,  1898,  54. 

Boiling  point  of  mixtures  of  benzene 
and  ?t-hexane  (Jackson  and 
Young),  T„  922;  P.,  1898, 
176. 
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Boiling  point  of  a  .solution,  method   of 
detenniiiinw  the  ("Walker  and  LuMs- 
DEN),  T.,  502;  P.,  1898,  125. 
Bornylamines,  isomeric,  and  their  salts, 
h)rmyl,  acetyl,  and  benzoyl  derivatives 
(FoKsTKu),  T.,  386  ;  P.,  1898,  97. 
Boron,   atomic  weight  of  (Armitage), 
P.,  1898,  22. 
Boric  acid,  action  of  hydrogen  hrom- 
ide    on,    in     presence   of  ether 
(FENTONand  Gostling),  T.,555. 
Bran,  action  of  hydrogen  bromide  on, 
in   presence   of    ether   (Fenton  and 
Gostling),  T.,  558. 
Broach  leaves,   presence    of    a   yellow 
colouring  matter  in  (Perkin),  P., 
1898,  104. 
the  tannin    of,    its    percentage,    and 
nature  of  the   colouring   principle 
(Perkin    and    Wood),    T.,   385  ; 
P.,  1898,  105. 
Bromic  acid,    rate  of   reduction  of,   by 
hydrobromic       or       hydriodic      acid 
(JuDSON    and    Walker),     T.,  410; 
P.,  1898,  64. 
c?/(Vo-Butane  -1:3-  dicarboxylic      acid 
{tctramcthylene-l:2>-dicarboxijlic  acid), 
cis-  and  trans-modifications  of,  and  its 
anhydride  (Perkin    and  Haworth), 
•T.,  337;  P.,  1898,  45. 
Butanepentacarboxylic     acid,     ethylic 
salt  (Ruhemann  and   Cunnington), 
T.,  1014. 
Butoxysuccinic      acid,       ethylic      salt 
(PuKDiE  and  Lander),  T.,  1898,  295. 
iso-Butylacetic  acid.  See  wo-Hexoic  acid. 
iso-Butylethanetricarboxylic  acid, 

ethvlic   salt  (Bentley  and  Perkin), 
T.,"'64. 
iso-Butyllevulinic  acid,  action  of  hydro- 
gen cyanide  on  ;  oxidation  ;  semicarb- 
azone    (Bentley    and  Perkin),  T. , 
51  ;  P.,  1897,  219. 
isf-Butylsuccinic  acid,  anilic  acid,  anil 
(Bentley  and  Perkin),  T.,  50,  63  ; 
P.,  1897,  219. 
i5o-Butyric   acid    (diinethylacetic    acid), 
from  fusion  of  camphoric  acid  with 
potash    (Crossley    and    Perkin), 
T.,  14  ;  P.,  1897,  217. 
ethylic  salt,  velocity  of  hydrolj^sis  of 
(SuDBOROUGH  and  Feilmann),  p., 
1897,  243. 
Bye-law  V. ,  memorial  asking  for  altera- 
tion of;  opinion  of  counsel  tliereon ; 
action  of  Council  thereon,    P.,  1898, 
2,  4. 
Bye-laws,    correspondence    relating    to 
suggested    alterations    in,  P.,    1898, 
1,  33,  61. 


C. 


Calcium     potassium     carbonate     (Rey- 
nolds), T.,  265;  P.,  1898,  54. 
Camphanic  acid,  constitution  of  (Per- 
kin), T.,  815. 
Camphene,  chloro-,  behaviour  of,  towards 
sulphuric   acid    (Marsh   and    Hart- 
RnujF,),  T.,  853;  P.,  1898,  170. 
Campholactone,    constitution   of  (Per- 
kin), T.,  815. 
amino-,   and    its    hydrochloride    and 
platinochloride ;     nitro-  ;     nitroso- 
(SciiRYVER),  T,,  561,     564,    565  ; 
P.,  1898,    98. 
if-Campholactone,     conversion   of,  into 
xylicacid  (Lees and  Perkin),  P.,  111. 
Camphonitrophenol.      See    Camphoryl- 

oxime. 
Camphopyric  acid,    fiom    oxidation   of 
fenchene    and  turpentine  hydrochlor- 
ide  (Gardner  and   Cockburn),   T.  , 
278  ;  P.,  1898,  9 
Camphor,  constitution  of  (Perkin),  T., 
796  ;   P.,    1898,  169;  (Marsh  and 
Hartridge),  p.,  1898,  170. 
action    of     ammonium     formate     on 
(Forster),  T.,387  ;  P.,  1898,  97. 
Camphor,     o-bromo-,      and    a-chloro-, 
behaviour  of,    towards  nitric   acid 
(Lowry),  T.,  988  ;  P.,  1898,  178. 
oa-(^ibromo-    and     a-chloro-,    specific 
rotatory    power    of  (LowRY^;,    T., 
583,  588  ;  P.,  1898,  135. 
aa-fZtbromo-,   a/3-rf;bromo-,  a-chloro-, 
aa'-chlorobromo-,  o'a-chlorobromo-, 
o/3-chlorobromo-,         a'a^-chXorodi, 
bromo-   (Lowry),     T.,     577—588  ; 
P.,  1898,   135. 
a-bromo-,  aa'-bromonitro-,  a'a-bromo^ 
nitro-,         o-chloro-,  aa'-chloror 

niti'o-,    a'a-chloronitro-     (Lowry), 
T.,  988—990  ;   P.,  1898,  178. 
nitro-,  behaviour  of,  towards  bromine 
and   chlorine    (Lowry),    T.,    989, 
990;  P.,  1898,  178. 
a'-nitro-,    identity  of,    with  ordinary 

nitrocamphor  (Lowry),  T.,  988. 
il^-nitro-,  anhydride,  identity  of,  with 
nitrosocaniphor  (Lowry),  T.,  996  ; 
P.,  1898,  152. 
Camphoric  acid,  from  oxidation  of  tur- 
pentine hydrochloride     (Gardner 
and     Cockburn),     T.,   279;     P., 
1898,  9. 
constitution  of  (Crosslky  and   Per- 
kin),    T.,     1  ;     P.,     1897,      217 ; 
(Bentley  and  Perkin),   T.,  45; 
(Schryver),      T.,       68  ;       (Sud- 
BOROUGH  and  Lloyd),  T.,  96  ;  P., 
1897,    241  ;     (Perkin),  T.,     796  : 
P.,  1898,  169. 
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Camphoric  acid,  fusion  with  potash  or 
sftila  (CiiossLEY  and  Perkin),  T., 
1  ;  P.,  1897,  217. 

if- Camphoric  acid,  silver,  copper,  cal- 
cium, and  lead  salts,  anhydride,  anilic 
acid  (Ckossley  and  Perkin),  T.,  39  ; 
P.,  1897,  218. 

Camphoric   anhydride,     behaviour    of, 

towards  aluminium  chloride  (Lees 

and  Perkin),  P.,  1898,   111. 

behaviour  of,  towards  hvdroxylamine 

(LowRY).  T.,  1003  ;  P.,  1898,  179. 

Camphoronic acid,  isomcride  of  (ScHRY- 
VEU),  T.,  70  ;  P.,  1897,  220. 

iso-Camphoronic  acid,  from  the  oxida- 
tion of  feiichone  (Gardner  and 
CocKBURN),  T.,  711  ;  P.,  1898,  151. 

Camphoroxime,  reduction  of  (Forster), 
T.,  390  ;  P.,  1898,  97. 

Camphorquinone,  from  ^Iz-nitrocamphor 
anlivdride  (Lowry),  T.,}  998  ;  P., 
1898,  152. 

Camphorsulphonic  acid,  rfibromo-, 
hydrated  (Lapworth  and  Kipping), 
P.,  1898,  159. 

Camphoryloxime,  acetyl  and  benzoyl 
deri%'atives  (Lowry),  T.,  999. 

/3-Camphylic  acid  (Perkin),  T.,  826; 
P.,   1895,  23  ;  1897,  200. 

Cannabinic  acid  (Wood,  Spivey,  and 
Easterfield),  p.,  1898,  67. 

Cannabinol :  its  reactions,  decompo- 
sition products,  acetyl  derivative 
and  complex  nature  (Dunstan  and 
Henry), P.,  1898,  45;  (Wood,  Spivey, 
and  Easterfield),  P.,  1898,  67, 
153. 

Cannabinolactone,  amino-  and  iodo- 
(Woon,  SiivEY,  and  Easterfield), 
P.,  1898,  67,  154. 

Caproic  acid.     See  Hexoic  acid. 

Carbamide  (urm).,  formation  of,  from 
solid  ammonium  cyanate  (WALKER 
and  Wood),  1*.,  1898,  109. 

Carbohydrates  of  barley-straw  (Cross, 
Bevan,  and  Smith),  T.,  459  ;  P., 
1898,  96. 
reactions  of,  with  hydrogen  peroxide 
(Cro.ss,  Hkvan,  and  Smith),  T., 
463  ;  P.,  1898,  115. 
and  certain  organic  acids,  action  of 
hydrogen  bromide  on,  in  presence  of 
ether  (Fenton  and  Gostling),  T., 
554  ;  I'.,  1898,  147. 

Carbon,  tetravalency  of  (Kekuli^,  Lec- 
tire),  T.,  122;  P.,  1897,  236. 

Carbon  7»onoxide  {carbonic  oxide),  pre- 
paration of  (Wade  and  Panting), 
T.,  257;  P.,  1898,  .'.(). 

cis-  and  iransC&Tomc  acids,  synthesis  of 
(Perkin  and  Thorpe),  P.,  1898, 
108. 


Carvanol       {hexaJiydrocarvacrol),      and 
Oarvanone,  constitution  (Marsh  and 
Hartridge),    T.,    857 ;    P.,     1898, 
170. 
Carvenol,     comparison     of,     with     its 
isomerides  (Maesh  and  Hartridge), 
T.,  861. 
from    chlorocarapheue,    behaviour   of 
towards  phosphorus  pentachloride  ; 
semicarbazone    (Marsh   and    Har- 
tridge), T.,  852  ;  P.,  1898,  170. 
Catechol  (pyrocatechol),  condensation  of, 
with     piperidiue      (Rosenheim    and 
Schidrowitz),  T.,  140  ;  P.,  1897,  234. 
Cellulose,   action   of  hydrogen   bromide 
on,!  in   presence  of  ether  (Fenton  and 
Gostling),     T.,     557;]    P.,      1898, 
147. 
Cerium,  compound  nature  of  (Brauner), 

P.,   1898.  69. 
Charcoal,   oxidation  of,   by   nitric  acid 
(Dickson     and    Ea.sterfield),     P., 
1898,  163. 
Charter,   proposed   supplementary,    cor- 
respondence    relating     to  ;    notice  of 
motion  for  ;  action  of  Council  there- 
on, P.,  1898,  34,  61,  63. 
Chlorine  :  — 

Hydrochloric  acid  {hydrogen  chloride), 

drying  of,  by  phosphoric  anhydride 

(Baker),  T.,  422  ;  P.,  1898,  99. 

absorption  of,  to  form  standard  acid 

(Moody),  T.,  658  ;  P.,  1898,  149. 

Chrysin,  the  diazobenzene  derivative  of 

(Perkin),  T.,  669  ;  P.,  1898,  161. 
Cinnamic  acid  and  its  bromo-,  rfibromo-, 
f/ichloro-,  cyano-,    cyanonitro-,    di- 
iodo-  and  nitro-derivatives,  etherifi- 
cation  of  (SuDBORoroH  and  Lloyd), 
T.,  88,  91,  92  ;  P.,  1897,  240. 
o-cyano-,         and         a-cyano-o-nitro-, 
methylic   salts     (Sudborough    and 
Lloyd),  T.,  88;  P.,  1897,  240. 
«/f/o-Cinnamic     acid,     and    its    o-    and 
)3-bromo-derivatives,etherification  of 
(SuDBOROUGH  and  Lloyd),  T.,  91  ; 
P.,  1897,  240. 
)3-bromo-,  methylic  salt(SuDBOROUGH 
and  Lloyd),  T.,  87  ;  P.,  1897,  240. 
Citraconic  acid,  cthylic  salt,    condensa- 
tion  of,  with  jiiperidinc  (Ruiiemann 
and  Browning),  T.,    725  ;    P.,  1898, 
167. 
Cobalt  potassium  carbonate  (Reynolds), 

T.,  264  ;  P.,  1898,  54. 
Colouring  matter,  C]5H]„07,  and  its 
acetyl  derivative  from  leaves  of  Arcto- 
sfaphulos  nra  vrsi,  and  broach  leaves 
(Perkin),  P.,  1898,  104. 
Colouring  matters,  metallic  salts  of 
natural  yellow,  and  their  constitution 
{Perkin  and  Wood),  P.,  1898,  57, 
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Copper  alloys,  with  almniiiiuin,  Ruiitgen 

ray     photographs    of    (Heycock    and 

Neville)/  T.,      720;       P.,      1897, 

106. 
Cupric      potassium     carbonates      (Rf.y- 
NOLDS),  T.,  263  ;  P.,  1898,  54. 

sulphato,    action    of   nuvgnosiuni     on 
(Clowks    and    Caven),    P.,    1897, 
221  ;    (DiVKUs),    P.,   1898,  57. 
Cuprous   iodide,    pure,   [)reparation    and 

action   of   air  on  (Lean  and    Wiiat- 

mough),  T.,149  ;  P.,  1898,  5. 
Cork,  action  of  hydrogen  bromide  on,  in 

jireseneo  of  ether  (Fenton  and  (.!ust- 

ling),  T.,  558. 
i>-Cre3ol,    3  :  5-  dinitTO-,    formation      of 

(Lapworth    and    Mills),   P.,    1898, 

159. 
Critical  data  of  normal  heptane  (Young), 

T.,  679  ;  P.,  1898,  165. 
Crystallography   compound    crystals  of 

sodium   chlorate  (Pope),  T.,  949  ;  P., 

1898,  178. 
Cyanogen. 

Hydrocyanic  acid  (hydrogen  cyanide, 

formonitrile,     prussic  acid)   (Wade 

and  Panting)  T.,    255;  P.,  1898, 

49. 

Cyanic  acid,    ammonium  salt  (Walker 

and  Wood),  P.,  1898,  109. 
Cymene  ('p-methyUsopropylbcnzene    p-/so- 

cymene),      chloro-,      from       carvenol 

(Marsh  and  Hartridge),    T.,    854; 

P.,  1898,   170. 
^-Cymene  {\i-methylpropylhenzene),  from 

carvenol    (Marsh   and   Hartridge), 

T.,  856  ;  P.,  1898,  170. 
Cymenesulphonic  acid,  chloro-,  barium 

salt   (Marsh   and  Haktbidge),    T., 

855. 


D. 


Decenoic     acid     (a-isopi-opyl-^-isobutyl- 
cccrylic  acid)  and  its  salts  (Bentley 
and  Perkin),  T.,  66. 
Decoic      acid     [diisobutylacctic     acid), 
chloride,  amide,  anilide,  ^-toluidide 
(Bentley  and  Perkin),  T.,  62. 
a-bromo,  ethylic  salt  (Bentley  and 
Perkin),  T.,  65. 
Delphinitim  zalil,  the  colouring  matters 
of  (Perkin  and  Pilgrim),  T.,  267  ; 
P.,  1898,  55. 
Density,  of  mixtures    of    benzene    and 
7i-hexane  (Jackson    and    Young), 
T.,  922;  P.,  1898,  176. 
of     liquid    fluorine     (MoissAN     and 

Dewar),  p.,  1897,  ISO. 
of  liquid  hydrogen  (Dewar),  T.,  534  ; 
P.,  1898,  146. 


Dextrin,  action  of  hydrogen  bromide  on, 
in    presence   of   ether   (Fenton    ami 
Gostling),  T.,  557. 
Dextrose       [li-glucosc,      grape     sugar), 
action    of    hydrogen   peroxide    on, 
in  presence     of     ferrous     sulphate 
(Cro.ss,   Bevax,    and    Smith),  T., 
465,  469  ;  P.,  1898,116. 
conversion  of,  into  maltose  by  action  of 
maltase(HiLL),T.,649;  P., 1898,157. 
inlluence  of,  on  tlie  crystallisation  of 
sodium  chlorate(Kn'i'iNG  and  Pope), 
T.,  612  ;  P.,  1898,  160. 
estimation    of,    adaptation    of    Pavy's 
method  for  the  (Mill),  T.,  638. 
Diacetyldiazobenzene-euxanthone 

(I'EUKiN),  T.,  672  ;  P.,  1898,  161. 
Diacetyldiazobenzenegentisin        (  Per- 
kin), T.,  674  ;   P.,  1898,  161. 
Diacetyl-(/-tartaric      acid,       rftcliloro-, 
methylic  and  ethylic  salts,  rotatory 
powers  of  (Frankland  and  Turn- 
bull),  T.,  203;  P.,  1898,  29. 
di;  tctra-,  and  /(caw-chloro-,  methylic 
and  ethylic  salts,  rotatory  power  oi 
(Frankland  and  Patterson),  T., 
183,  189  ;  P.,  1898,  28,  29. 
Diacetyltetrazobenzenehesperitin  (Per- 
kin), T.,  1033,  1037  ;   P.,  1898,  185. 
Diazoaminobenzaldehyde,  behaviour  of, 
towards  mercury  acetamide(FoRSTER), 
T.,  793  ;    P.,  1898,  169. 
Diazobenzeneapigenin  and  its     acetyl 
derivative   (Pekkin),    T.,    667;    P., 
1898,  161. 
Diazobenzene-chrysin,       -euxanthone, 
-gentisin,    and      -niorin    (Perkin), 
T.,  669—673  ;  A.,   1898,  161. 
Di/sobutyl.     See  under  Octane. 
Di/wbutylacetic  acid.    See  Decoic  acids, 
Di/<obutylmalonic     acid,     ethylic     salt 

(Bentley  and  Perkin),  T.,  61. 
Dihydrobenzene.     See  c?/t'?o-Hexadiene. 
Dihydrocamphoketone,      seniicarbazone, 
oxime  (Crossley  and  Perkin),  T., 
26  ;  P.,  1897,  218. 
oxidation  of  (Crossley  and  Perkin), 
T.,  29  ;  P.,  1897,  218. 
Dihydrocamphoric  acid,   its  silver  salt, 
and  anhydride  (Crossley^  and  Per- 
kin), T.,  23  ;  P.,  1897,  218. 
oxidatiqn  of  (Crossley'  and  Perkin), 
T.,  26  ;  P.,  1897,  218. 
Dihydro-jS-camphylic       acid,      bromo-, 
chloro-,  and  chloro(/ibromo-  (Perkin), 
T.,  824,  825,  827  ;  P.,  1897,  200. 
Diliydro?iolauronic   acid  (Perkin),  T., 

836,  848  ;  P.,  1897,  201. 
Dihydroi^olauronolic    acid,    silver    and 
ammonium  salts  (Perkin),  T.,  836  ; 
P.,  1897,  201. 
bromo-, methylic  salt(PERKiN),T., 838. 
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Dihydroxydinicotinic  acid.    See  2  :  6-Di- 
liyilroxyiiyriiliiie-.j  :  ci-ilicaiboxylic 
acid. 
Dihydroxyfumaric     acid,     conductivity 
and  rate  of  decomposition  of  solutions 
of  (SKi>fNER),    T.,    488;    P.,    1898, 
121. 
Dihydroxymaleic   acid,    explanation   of 
the  j)iod action  of,  from  tartaric  acid 
(Fenton),  p.,  1898,  119. 
conductivity  and  rate  of  decomposition 
of  solutions  of  (Skinner),  T.,  483  ; 
P.,  1898,  121. 
conversion  of,   into  dihydroxytartaric 
acid(FENTOx),  T.,  72;  P.,  1897,  224. 
2  :  6-Diliydroxypyridine,    formation    of, 
from  monethylic  ethoxy-a-pyridone- 
dicarboxylate      (Ruhemann),      T., 
352  ;  P.,  1898,  73. 
2  :  6-Dihydroxypyridine-3  :  4-dicarb- 
oxylic    acid     (2  :  6-dihydroxydi- 
nicotinic  acid),    ethylic   salt,  forma- 
tion  of,    from  ethylic    cyanacetate, 
and    its   salts     (Ruhemann      and 
Browning),  T.,  280;  P.,  1898,  47. 
rftchloro-,  ethylic  salt  of  (Ruhemann 
and  Browning),  T.,  286  ;  P.,  1898, 
47. 
Dihydroxystearic    acids,    oxidation    of, 
with      alkaline     potassium     jierman- 
ganate      (Edmed),      T.,     630  ;      P., 
1898,  133. 
Dihydroxytartaric     acid,       preparation 
of,     liom      dihydioxymaleic      acid 
(Fenton),  T.,  72  ;  P.,  1897,  224. 
conductivity  and  rate  of  decomposition 
of  solutions  of  (Skinner),  T.,  488; 
P.,  1898,  121. 
action  of  lieat  on  aqueous  solutions  of 

(Fenton),  T.,  73  ;  P.,  1897,  224. 
saltsof(FENTON),T. ,472;  P.,  1898,120. 
titration  of,  with  alkalis,  and  reduc- 
tion of  (Fenton),  T.,  74,  77  ;  P., 
1897,  224,  22.5. 
Diketohexamethylene  (dikeiocyclo- 
/le.mne),   ultra-violet  absorption  s])ec- 
trum  of  (Hautley  and  Dobbie),  T., 
603  ;   P.,  1898,  41. 
Dimethylacetic  acid.      See  Butyric  acid. 
Dimethylaniline,  action  of  nitrogen  tri- 
oxido    and     of    benzoic    chloride     on 
(Cohen     and    Calvert),     T.,    163, 
165;  P.,  1898,10. 
oa-Dimethylglataric  acid  {pcntancdicarh- 
oj-ji/ic   acid),    and    its  anhydride  and 
aniiic   acid  (Pkrkin,    T.,    846  ;     P., 
1897,  201. 
/3)3-Dimethylglutaric  acid  (pentanedicarb- 
oxij/ic    (icid),      o-bromo-,      methylic, 
hydrogen  ethylic,    and  ethylic    salts  ; 
ao'-f^i:bronio-,   methylic    salt  (Perkin 
and  Thorpe),  P.,  1898,  108. 


Dimethylmalonic  acid  (propanedicftrb- 
oxylic  acid),  from  oxidation  of  fen^ 
chone  (Gaiidxek  and  Cockburn), 
T.,  709  ;  P.,  1898,  151. 

Dimethylnaplithalene,  obtained  by  dis- 
tilling podojihyllotoxin  and  piero- 
l)odophyllin  with  zinc  dust  (Dunstan 
and  Hexiiy),  T.,  218. 

Dimetliylr//c?(vpentaiie  {dinicthylpenta- 
mcthylenc),  probaljle  presence  of  in 
American  petroleum  (Young),  T.  > 
917  ;  P.,  1898,  175. 

2 : 4-Dimethylpyridine-3-carboxylic  acid 
{lutidiiiecarhoxyl  ic  acid),  5-chloro- 
(Collie  and  Lean),  T.,  591;  P., 
1898,  148. 

tts-Dimethylsuccinic  acid  (isobutanedi- 
carboxylic  acid,  gcni-dimc/hylsuc- 
cinic  acid),  from  i^o  lauronic  acid,  the 
anil  and  anilic  acid  (Perkin ),T.,  842  ; 
P.,  1897,  201. 

Dimethyltricarballylic  acid  {pcnfanetri- 
carboxylic  acid),  from  oxidation  of 
fenchoue  (Gardner  and  Cock- 
burn),  T.,  710.     P.,  1898,  151. 

Diphenylenediphenylsemicarbazide 
(Snai'e),  p.,  1898,  75. 

Diphenylmethane,  sulphonation  of  (Lap- 
avorth),  T.,  408  ;  P.,  1898,  112. 

Diphenylmetliane-4  : 4'-disulphoiiic 
chloride,  anilide  and  piperidide  (Lap- 
worth),  T.,  409  ;  P.,  1898,  112. 

Diphenylmethane-o-sulphone  (Lap- 

worth),  T.,  408  ;  P.,  1898,  112. 

1:2:  4-Diplienyltolylenedicarbaiuide 
(Snape),  p.,  1898,  75. 

Dulcitol,  influence  of,  on  the  crystallisa- 
tion of  sodium  chlorate  (Kipping 
and  Pope),  T.,  616;  P.,  1898. 
160. 
action  of  hydrogen  bromide  on,  in 
presence  of  ether  (Fenton  and  Gost- 
LING),  T.,  557  ;  P.,  1898,  147. 

iso-Dulcitol  {rhamnosc),  action  of 
hydrogen  bromide  on,  in  presence  of 
ether  (Fenton  and  Gostling),  T., 
558;  P.,   1898,  147. 


Elaidic  acid,  oxidation  of,  with  alkaline 
potassium  permanganate  ;  fusion  with 
potash  (Edmed),  T.,  629,  633;  P., 
1898,  133. 

Election  of  Officers,  memorial  to  the 
Council  with  reference  to  the;  opinion 
of  counsel  thereon ;  action  of  the 
Council  thereon  ;  correspondence  re- 
lating thereto,  P.,  1898,  2,  4, 
33,  61. 
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Electrical  conductivity  of  solutions   of 

dihydroxynialeic,     diliydioxyfuuiaric, 

dihydroxytartiuic,  and  tartronic  acids 

(Skinner),     T.,      483;     P.,      1898, 

121. 
Electric    discharge,    action   of,    on   aii 

(SiiENSToNE    and   EvANs),    T.,    24t)  ; 

P.,  1898,  39. 
Ellagitannic  acid,  presence  of  in  Tamnris 

Afrlcana  leaves  (Perkin  and  Wood), 
t.,  380;  P.,  1898,  104. 
Ellagitannin,   {ircsence  of,  in  Jrctonta- 

phtllos     ui-a     losi     (Perkin),       P., 

1898,  104. 
Enantiomorphous  crystals,  influence  of 

the    solvent    on   the     deposition     of 

(Kii'Pixa   and  Pope),    T.,  608  ;    P., 

1898,  160. 
Erythritol,  action   of  hydrogen  bromide 

on,    in    presence     of  ether   (Fexton 

and  Gostling),  T.,  557. 
Ethereal  salts,  factors  determining  for- 
mation and  velocity   of  hydrolysis 
(SuDBO ROUGH  aud    Feilmann),  p., 
1897,  242. 

of  polycarboxylic  acids,  formation  of 
(RuHEMAXN     and      Cunnington), 
T.,  1006  ;  P.,  1898,  179. 
5-Ethoxy-5-phenyl-l-?n  nitrophenyl- 

triazole   (Young    and    Stockwell), 

T.,  373;  P.,  1898,  74. 
3-Ethoxy-5-pheiiyl-l-i)-tolyltriazole 

(Young  and   Stockwell),    T.,  370; 

1898,  73. 
Ethoxypropionic       acid,    ethylic    salt, 

from     silver       lactate      and    ethylic 

iodide   (Purdie    and   Lander),    T., 

298. 
rf-a-Ethoxypropionic      acid      and      its 

sodium,  barium,    calcium   and   silver 

salts    and      their     optical      activity 

(Purdie  and  Lander),  T.,  865  ;    P., 

1898,  171. 
2-a-Ethoxypropioiiic      acid      and      its 

etliylic   and   calcium   salts ;    also   its 

resolution  with  cinchonidine  and  with 

morphine  (PuRDiE  and  Lander),  T. , 

683  ;  P.,  1898,  171. 
Ethoxysuccinic      acid,      ethylic      salt 

(Purdie  and  Lander),  T.,  294. 
Ethylacetoacetic     acid,      ethyJic    salt, 

action  of  ferric  chloride  on  (Morrell 

and  Crofts),  T.,  346. 
a-Ethylpropane-aaai^-tetracarboxylic 

acid,    ethylic    salt    (Ruhemann   and 

Cunnington),  T.,  1009. 
Uncali/ptus      macrorhyncha,      colouring 

matter  of  the  leaves  of  (Smith),   T., 

697  ;  P.,   1898,  166. 
Euxanthone,  diazobenzene  derivative  of 

(Perkin),     T.,      671;      P.,     1898, 

161. 


Fenchene,  preparation  and  oxidation  of 
(Gardner    and     Cockhurn),     T., 
276,  277  ;  P.,  1898,  8. 
chloro-,  o-and  /8-hydrochlorides(GARD- 
NEi!  and  Cockburn),  T.,  704;  P., 
1898,  150. 
chlorobromo-   (Gardner   and    Cocic- 
BiTRx).  T.,  707;  P.,  1898,  150. 
Fenchenephosphonic   acid,    chloro-,  be» 
haviour  (if,  towards  bromine  (GARDNER 
and  Cockburn),  T.,  707;   P.,  1898, 
150. 
Fenchone,  preparation  and  reduction  of 
(Gardner    and     Cockburn),     T., 
275;  P.,  1898,  8. 
oxidation  and  constitution  of  (Gard- 
ner and  Cockburn),  T.,  708;  P., 
1898,  151. 
behaviour     of,     towards     phosphorus 
pentacliloride  (Gardner  and  Cock- 
burn), T.,  704;  P.,  1898,  151. 
Fenchone,  nitro-  (Gardner  and   Cock- 

bui:n),  T.,  712  ;  P.,  1898,  151. 
Fenchylic  alcohol  and  chloride,  prepara- 
tion  of   (Gardner   and  Cockburn), 
T.,  276;  P.,  1898,8. 
Ficus  carica,  the  colouring  matter  and 
tannin  value  of  (Perkin  and  Wood), 
T.,  383,  P.,  1898,  105. 
Fisetin,    salts  of  (Perkin  and  AVood), 

P.,  1898,  57. 
Fhmingia  coiigcsta,  dye-stuff   "  waras  " 
obtained      from     tlie     seed-pods     of 
(Perkin),  T.,  660;  P.,  1898,  162. 
Flemingin    (Perkin),     T.,     661  ;     P., 

1898,  162. 
Fluorine,  properties  of  liquid  (Moissan 

and  Dewar),  P.,  1897,  175. 
Formaldehyde,     condensation     of,   with 
ethylic    nialonate       (Perkin     and 
Haworth),    T.,     339  ;    P.,     1898, 
45. 
action  of,   on  ;8-naphthylaniine  (Mor- 
gan), T.,  536  ;  P.,  1898,  132. 
Formaldoxime,    hydrolysis,     reduction, 
and  behaviour  of,   towards  bromine, 
phosphoric  anhydride,  alkali  metals, 
and  metallic   salts   (Dunstan    and 
Bossi),  T.,  358  ;  P.,  1894,  56. 
hydrochloride,  hydrobromide,  hydrio- 
dide,    sodium,  acetyl,   and  benzoyl 
derivatives   (Dun-stan  and  Bossi), 
T.,  353  ;  P.,  1894,  55. 
Formic  acid,  obtained  from  the  wood  of 
Gowpia      tomentosa     (Dunstan    and 
Henry),  T.,  226  ;  P.,  1898,  44. 
Formobornylamide  (Forster),  T.,  392; 

P.,  1898,  97. 
Formoweobornylamide     (Forster),    T., 
394;  P.,  1898,  97. 
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Freezing    point,     of    tHlute     solutions, 
method  of  determiniiig  tlie(WiLDEK- 
MANN),  i'.,  1897,  245. 
of  solutions  of  ethylic   monobeuzoyl- 
and  toluoyl-tartrates  in  acetic  acid 
(Fkaxkland    and    McCrak),     T., 
322  ;  P.,  1898,  74. 
of  solutions  of  permanganates  and  per- 
chlorates  in  fused  sodium  sulphate 
(Crofts),  T.,  596  ;  P.,  1898,  124. 
Fruits,  unnpe,  actionof  hydrogen  brom- 
ide on,   in  presence  of  ether  (Fenton 
and  Gostling),  T.,  558. 
Fumaric   acid,    condensation    of,    with 
piperidine  (Ruhemann  and   Brown- 
ing),  T.,  723  ;  P.,  1898,  167. 
Furfuraldehyde  {/tcr/urol),    ultra-violet 
absorption  spectrum  of  (Hartley  and 
DoBBiE),  T.,  598  ;  P.,  1898,  41. 
Furfuraldehydetolylhydrazone  (Hewitt 

and  Pope),  T.,  178  ;  P.,  1898,  7. 
Furfuramide,      ultra-violet     absorption 
spectrum  of  (Hartley  and  Dobbie), 
T.,  598;  P.,  1898,  41. 
Furfuran,    ultra-violet  absorption   spec- 
trum of  (Hartley  and  Dobbie),  T., 
631  ;  P.,  1898,  41. 
Furfuroids  of  barley  straw,  the  matura- 
tion changes    of  the   (Cross,    Bevan 
and  Smith),  T.,   459  ;    P.,    1898,  96. 


G. 


Galactose,  action  of  hydrogen  bromide 
on,     in    presence    of    ether  (Fenton 
and  Gostlixg),  T.,  557. 
Gallic     acid    (3:4:  b-trihydroxyhenzoic 
acid),  solubility  of,  in  various  liquids 
(Rosenheim     and    Schidruwitz), 
T.,  882;  P.,  1898,  171. 
condensation     of,      with      piperidine 
(Rosenheim     and     Schidruwitz), 
T.,  144;  P.,  1897,  234. 
Oallotannic  acid,  presence  of,  in  leaves 
of     Pistacia      Icntiscus,      Ailankis 
glandulosa,   and     in  ' '  Gambuzzo  " 
(Perkin   and  Wood),  T.,  377,  382, 
383;  P.,  1898,  104,  105. 
presence     of,    in    Rhus    rhodanthcma 
leaves     (Perkin),    T.,     1018,    P., 
1898,  183. 
rotatory   power    and   constitution   of 
(Rosenheim    and     Schidrowitz), 
T.,  878;  P.,  1898,  171. 
influence    of    concentration,    solvent, 
and    admi.xed     substances    on    the 
rotatory  power  of  (Rosenheim  and 
Schidrowitz),   T.,   886;  P.,  1898, 
172. 
Gallotannic  acid,  quinine   salt,  rotatory 
power    of  (Rosenheim   and    Schid- 
rowitz), T.,  884  ;  P.,  1898,  171. 


"  Gambuzzo,"  presence  of  myricetin  and 
gallotannic  acid  in(  Perkin  and  Wood), 
T.,  383;  P.,  1898,  105. 

Gentisin,  diazobenzene  derivative  of 
(Perkin),  T.,  672  ;  P.,  1898,  161. 

Glutaconic  acid,  f^icyano-,  ethylic  salt 
and  its  salts  (Ruhemann  and 
Browning),  T.,  282  ;  P.,  1898,  47. 

Glycerol,  action  of  hydrogen  bromide  on, 
in  presence  of  ether  (Fenton  and 
Go.stling),  T.,  557  ;  P.,  1898,  147. 

Glycogen,  action  of  hydrogen  bromide 
on,  in  presence  of  ether  (Fenton 
and  Gostling),  T.,  557. 

GlycoUic  aldehyde,  action  of  hydrogen 
bromide  on,  in  ])resence  of  ether 
(Fen ION  and  Gostling),  T.,  557. 

Gold  alloys  with  aluminium  and  with 
sodium,  Rijiitgen  ay  ])hotographs  of 
(Heycock  and  Neville),  T.,  716, 
719  ;  P.,  1897,  106. 

Goupia  tomentosa,  separation  of  lauric, 
normal  caproie,  isovaleric,  formic,  and 
succinic  acids,  from  the  wood 
of  (DuNSTAN  and  Henry),  T.,  226  ; 
P.,  1898,  44. 

Guaiacol,  condensation  of,  with  piper- 
idine (Rosenheim  and  Schid- 
iiowiTz),   T.,   140;   P.,   1897,  234. 

Guaiacol,  o-amino-,  hydrochloride,  and 
acetyl  derivative  (Meldola  and 
StreatfeilD),  T.,  690;  P.,  1898, 
166. 
4-bromo-6-nitro-,  and  6-bromo-4- 
nitro-,  and  their  benzoates,  and 
sodium  salts  (Meldola  and  Streat- 
feild),  T.,  689  ;  P.,  1898,  166. 

Gum,  action  of  hydrogen  bromide  on, 
in  presence  of  ether  (Fenton  and 
Gostling),  T.,  27,  557. 


H. 


Helium    liquefaction    of    (Dewar)  T., 
533  ;  P.,  1898,  130. 
separation  from  nitrogen  bv  liquefac- 
tion (Dewar),  P.,  1897,  190. 
?i-Heptane,   presence    of,    in    American 
])etroleum  (Young),   T.,  916  ;    P., 
1898,  175. 
separation  of,  from  American  petroleum, 
and  its  jdiysical  constants  (Francis 
and  YotrNG),  T.,  920  ;  P.,  1898,  176. 
critical    data,    vapour    pressures    and 
specific  volumes    of   (Young),   T., 
675  ;  P.,  1898,  165. 
wo-Heptane,    presence   of,  in    American 
petroleum   (Young),    T.,    916  ;     P., 
1898,  175. 
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iw-Heptane,      separation       of,       from 
American      petroleum       and       its 
physical    constants   (Fkaxcis    and 
Young),  T.,  920  ;  P.,  1898,  176. 
action  of  fuming  nitric  acid  on,  and 
its      ^rniitro-derivative      (Fr.Axns 
and  Young),  T.,  931  ;  P.,  1898,  177. 
Heptoic    acid      {l^^fi-dimcthylethylpro- 
pionic  add),  from  fusion  of  camphoric 
acid  with  potash  (Crosslkt  and  Per- 
kin),  T.,  18  ;  P.,  1897,  218. 
Heptylic  bromide,  noruial  and  iso-,  and 
their  sp.  gr.  (Fr.Axcis   and  Young), 
T.,  921  ;  P.,  1898,  176. 
Hesperitin,  fornnila  of,  anditshexacetyl, 
tetrazobenzene,       diacetyltetrazobenz- 
ene,      sodiirm,      potassium,      sodium 
acetate  and  potassium  acetate  deriva- 
tives (Perkin),  T.,  1031  ;  P.,   1898, 
185. 
Hexacetylhesperitin  (Perkin),  T.,  1034  ; 

P.,  1898,  185. 
'';/i'?t)-Hexadiene    (dihydrohenzene),     and 
its    chloro-derivative     (Fortey),    T., 
936,  948  ;  P.,  1898,  103. 
Hexamethylene.     See  cye/o-Hexane. 
'/i-Hexane,  presence  of,  in  American  petr- 
oleum (Young),  T.,  910;  P.,  1898, 
175. 
specific  gravities  and  boiling  points  of 
mixtures  of  benzene  with  (Jackson 
and  Young),    T.,    922;   P.,  1898, 
176. 
?so-Hexane,    presence    of,    in  American 
petroleum    (Young),   T.,    909;   P., 
1898,  175. 
action  of  fuming  nitric  acid  on,  and 
its:  irmitro-derivative  (Francis  and 
Young),  T.,  929  ;  P.,  1898,  177. 
cyclo-'H.ex&ne   {hexametlrylcne),    presence 
of,  in  American  petroleum  (Young), 
T.,  915;  P.,  1898,  175. 
from  Galician  petroleum  (Fortey),  T., 

932,  937  ;  P.,  1898,  103. 
bromo-,    fZibromo-,     tetrahvomo-,    di- 
chloro-,  trichlovo-  and  tetrachlovo-  ; 
and  conversion  of  chlorocycZohexane 
into    tetrahydrobenzene    (Fortey), 
T.,  936,  940,  948  ;  P.,  1898,  103. 
c^/cZo-Hexanedione, ultra-violet  absorption 
spectrum  of  (Hartley  and  Dobbie), 
T.,  604  ;  P.,  1898,  41. 
cycZo-Hexene  {telrahydrohenzene) 

(Fortey),  T.,  941  ;  P.,  1898,  103. 
Hexoic  acid  {eaproic  acid),  obtained 
from  the  wood  of  Goupia  tomentosa 
(DuNSTAN  and  Henry),  T.,  226; 
P.,  1898,  44. 
iso-'Rexoie  acid  {isohiiylacetic  acid),  its 
bromo-derivative  and  the  ethylic  salt 
of  the  latter  (Bentley  and  Perkin), 
T.,  48,  49  ;  P.,  1897,  219. 

VOL.   LXXIir. 


Hexoic  acid  {mcthylKoprojyylacelic 
acid,  a^&-triinethylpropionic  acid), 
from  fusion  of  camphoiic  acid  with 
potash  (Ci;o8.sley  and  Perkin),  T., 
16;  P.,  1897,  218. 

Hexoses,  action  of  hydrogen  peroxide  on 
(Cnos.s.  Bkvan  and  Smith),  T.,  465, 
467  ;  P.,  1898,  116. 

Homoflemingin  (Perkin),  T.,  664  ;  P., 
1898,  162. 

Homoitaconic  acid,  identity  of,  with 
ci/cZobutane-1  : 3-dicarboxylic  acirl 
(Perkin  and  Ha\vorth\  T.,  337; 
P.,  1898,  45. 

Homovitexin,  and  its  acetyl  derivative  ; 
decomposition  products  and  dyeing 
properties  of  (Perkin).  T..  1029  ;  P., 
1898,  184. 
Hydrazine  and  its  hydrochloride,  be- 
haviour of,  towards  mercury 
acctamide  (Forster),  T.,  788 ;  P., 
1898,  189. 

Hydrazobenzene  {%-diphenylhydrazinc), 
behaviour  of,  towards  mercury  acet- 
amide  (Forstee),  T.,  793;  P., 
1898,  189. 

Hydrocarbon  CioHj^,  from  cannabinol 
(Wood,  Spivey,  and  Easterfield), 
P.,  1898,  66. 
CjoHoQ,  formed  by  reduction  of  canna- 
binol (Wood,  Spivey,  and  Ea.ster- 
FiELD),  p.,  1898,  66. 

Hydrogen,  boiling  point  and   density  of 
liquid  (Dewar),  T..  534  ;  P.,  1898, 
146. 
liquefaction  of  (Dewar),  T.,  528  ;  P.. 

1898,  129. 
absorption  of,  by  palladium   at  high 
temperatures  (I)ewar),P.  ,  1897, 192. 

^-Hydroxybenzoic  acid,  obtained  by 
fusion  of  podophylloresin  with  potash 
(Dunstan  and  Henry),  T.,  222. 

Hydroxybenzoic  acids,  solubility  of,  in 
water,  benzene,  acetone,  and  ether 
(Walker  and  Wood),  T.,  622;  P., 
1898,  158. 

y-Hydroxy-a-i'i'obutylvaleric  acid.  See 
under  Hydroxynonoic  acids. 

a-Hydroxydi«V^butylacetic  acid  (Bent- 
ley  and  Perkin),  T.,  66. 

5-  Hydroxy  -2-  dimethoxymethylphenyl- 
liydro-4-pyronecarboxylic  acid  (Dun- 
stan   and    Henry\    T.,     223  ;    P. 
1898,  42. 

5-Hydroxy-7-dimetliylliexolactone 
(Perkin),  T.,  846. 

4-Hydroxy-2  :  6-dimethylpyridine,  3- 
amino-,  and  3-nitro-  (Hall  and 
Collie),  T.,  238  ;  P.,  1898,  51. 

HydroxycycZohexane  (hydroxyhexa- 

methylene),  chloro-  (Fortey),  T..  948  ; 
P.,  1898,  103. 

4  C 
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Hydroxylamine,  behaviour  of,    towards 
mercury   acetamide  (Fokster),    T., 
783  ;  P.,  1898,  169. 
estimation  of  (Forster),  T.,  785. 

Hydroxylamine  hydrochloride,  behaviour 
of,  towards  mercury  acetamide 
(FoRSTEK),  T.,  784  ;  P.,  1898,  169. 

HydroxylamiQocampliolactone  (Schry- 
VER),  T.,  f<6:i;  P.,  1898,  98. 

Hydroxylutidine.  See  4-Hydroxy-2  :  6- 
dimethylpyridine. 

oj -Hydroxy- a, -methyl  o.fsobutylglutaric 
acid,  and  its  siivcr  and  ethylic  salts 
and  lactone  (P)ENTLEY  and  Perkin), 
T.,  5f>;  P.,  1897,  219. 

3-Hydroxy-l-;3-naplitliyl-5-plienyltri- 
azole  and  its  acetyl  and   benzoyl  de- 
rivatives  (Yoi'KCr  and   Stockwell), 
T.,  371  ;  P.,  1898,  74. 

Hydroxynonoic  acid  {y-hydroxy-a-iso- 
butylvaleric  acid),  7-cyano-,  lactone 
of  (Bentley  and  Pekkin),  T.,  53; 
P.,  1897,  219. 

3Hydroxy-5-plieayl-l-?/i-iiitrophenyl- 
triazole,    and   its  acetyl  and  benzoyl 
derivatives  (Young  and  Stockwell), 
T.,  372;  P.,  1898,74. 

3-Hydroxy-5-plienyl-l-^:>  tolyltriazole, 
and  its  acetyl  and  benzoyl  derivatives 
(Young    and  Stockwell),    T.,   370  ; 
P.,  1898.  73. 

4-Hydroxypyridine,  tctrach\o\o-,  and  its 
.salts  (Sell  ;iud  Dootson),  T.,  781  ; 
P.,  1898,  168. 

Hydroxy-?^-toluic  acid,  from  wolauronic 
acid  (Perkix),  T.,  851. 

I. 

Intramolecular  changes,  a  possible  basis 
of  f^eneralisntion  of  (Lapworth),  T., 
445;  P.,  1897,  246. 

Inulin,  action  of  hydrogen  bromide  on, 
in  i)resence  of  ether  (Fentox  and 
Gostling),  T.,  557  ;  P.,  1898,  147. 

Iodine,  preparation  of  pure  (Lean  and 
WnATMOUGH),  T.,  148  ;  P.,  1898,  5. 

Iron: — 
Ferrous    potassium  carbonate     (Rey- 
nolds),!., 265  ;  P.,  1898,  54. 

Isomerides,  optical,  separation  of  (Kip- 
ping and  Poi-e),  P.,  1898,  113. 

Isomerism,  problem  of  (KekuliS  Lec- 
ture), T.,  138. 


K. 

Eekul^   Memorial   Lecture  (Japp),  T. 

97  ;  P.,  1897,  235  ;  discussion,  P.,  237 
0-Ketonic    acids,   formation   of  (Ruhe 

MANN     and     Browning),     T.,    727 

P.,  1898,  168. 


Ketopentamethylene.  See  c?/cZo-Pen- 
tanone. 

Ketophenylparaconic  acid,  etliylic  salt, 
action  of  ferric  chloride  on  (Morrell 
and  Crofts),  T.,  347  ;  P.,  1898,  65. 


Lactic     acid      {i-ethylidenclactic    acid, 
a-hydroxypropimiic  arid),  silver  salt, 
action  of  alk\lic  iodides  on  (Purdie 
and  Lander),  T.,  296  ;  P.,  1898,  76. 
ethylic   salt,  action   ot  ethylic  iodide 
on    (Purdie    and    Lander),     T., 
300  ;  P.,  1898,  76. 
Lactone  obtained  by  reduction  of  iodo- 
cannabinolactone   (Wood,   Spivey, 
and  Easterfield),  P.,  1898,  154. 
CigHijOs,  obtained  from  condensation 
product    of    orcinol    with    chloral 
hydrate  ;  and  its  acetyl  and  benzoyl 
derivatives   (Hewitt   and  Dixon). 
T.,  400;  P.,  1898,  103. 
Lactose  (milk-sugar),    action  of  hydro- 
gen    bromide     on,    in      presence    of 
ether  (Fenton  and  Go.stling),  T.,  556. 
Laurie    acid    {dodccoic    acid),    obtained 
from    the  wood   of  Goupia  tonicntoso 
(Dun.stan    and    Henry),    T.,    226  : 
P.,  1898,  44. 
zso-Lauronic    acid,   silver   salt,    oxime, 
scmicarbazone  (Perkin),  T.,  839  ;  P., 
1898.  169. 
Lauronolic  acid,  constitution  of  (Per- 
kin), T.,  815. 
behaviour    towards    nitric    acid    and 
nitric    peroxide    (Schryver).     T., 
561  ;  P.,  1898,  98. 
z.so-Lauronolic    acid,    silver,    methylic, 
etli3iic      salts ;      constitution ;    re- 
duction ;    conversion    into    sulpho- 
caniphylic    and     i.solauronic     acids 
(Pkrkin),   T.,    828;  P.,   1895,  23; 

1897,  200  ;  1898,  169. 
f?(bronio-,  ethylic   salt  (Perkin),   T., 

834. 
Lecture  experiments: — 

Con.servation    of    mass    and   gaseous 

diffusion  (Cundall),  P.,  1898,  40. 
Law  of  multiple  proportions  (Jones), 
P.,  1898,  110. 
Lecture,  memorial-  Kekule  (Japp),  T., 

97;  P.,  1897,  237. 
Levulose  [d-fniclose,  fruit  suqar)  action 
of  hydrogen  bromide  on,  in  [>resence 
of  ether  Fenton  and  Gostling), 
T.,  557. 
action  of  hydrogen  peroxide  on,  in 
])rt-.scnce  of  ferrous  sulphate  (Cross, 
Bevan  and  Smith),  T.,  471  ;  P., 

1898,  116. 
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Liquefaction  of  air  or  nitrogen  contain- 
ing liV'Irogen  or  helium  (Dewak), 
P.',  1897,  186. 
of  fluorine  (MoissANand  Dewah),  P., 

1897,  178. 
of  hydrogen  .uul  helium  (Dewak),  T., 
528  ;  P.,  1898,  129. 
Lutidinecarboxylic  acid.     See  2  :  4-Di- 

methylpyvidiiM-'J-cavboxylic  acid. 
Lutidone.  See4-Hydroxy-2  ;  6-dimethyl- 

pyriilint'. 
x/z-Lutidostyril  (2  :  i-dimethylpijridone), 
nitration  ot,  and  its  amino-  and  nitro- 
derivatives  (Colli E  and  Tickle),  T., 
229,  232:  P..  1898.  .^^O. 
;|/-Lutidostyrilcarboxylic  acid,  amino- 
and  uitio-  and  their  etliylii'.  salts  (Col- 
lie and  Tickle),  T.,  233,  234  ;  P., 
1898,  50. 


M. 


Magnesium,  action  of,  on  cupric  sulphate 
(Clowk.s  and    Cavex),    P.,     1897, 
221  ;    (Divers),  P.,  1898,  57. 
pota.ssium  carbonate   (Reynolds),  T.  , 
264;  P.,  1898,  54. 
Magnetic  properties  of  liquid    fluorine 
(Moissan    and    Dewak),    P.,    1897, 
ISl. 
Malic     acid,    silver     salt,     action     of 
ethylic.    j'soijmpylic   and   '/i-hutylic 
iodides   on  (Purdie   and  Lander), 
T.,  288,  293,  295  ;  P.,  1898,  76. 
ethylic  salt,  and  i'Jopropylic  salt,  I'ota- 
tion  of  (Purdie  and  Lander),  T., 
288,  293. 
action  of  ethvlene   on   (Purdie  and 
Lander),  T.,  301. 
Malonic    acid,    ethylic    salt,    action  of 
bromaeetal  on  the  sodium  d^riva- 
tive   of  (Perkin    and    Sprank- 
LiNG),  p.,  1898,  112. 
condensation  of,    vv  ith  formaldehyde 
(PEKKiNand  Haworth),  T.,  339  ; 
P.,  1898,  45. 
Maltase,  pr  pamtion  of,  from  yeast,  its 
properties  and   tests  (Hill),  T.,  634; 
P.,  1898,  635—637. 
Maltose,  proi^alde  synthesis  of.  by  action 
of  maltase  on   dexti'ose  (Hill),  T., 
649  ;  P.,  1898,  157. 
action   of   hydrogen    bromide   on,    in 
presence    of    ether     (Fenton     and 
Gostling),  T.,  557. 
influence  of  dextrose  and  of  the  con- 
centration    of     solution     on     the 
hydrolysis  of,    by  maltase    (Hill), 
T.,  641—649  ;  P.,  1898,  157. 
Manganese   potassium  carbonate  (Rey- 
nolds), T.,  264;  P.,  1898,  54. 


Manganic  chloride,  and  its  double  salts 
with  potassium  and  ammonium 
chlorides  (Rice),  T.,  260;  P.,  1898, 
53. 

Mannitol,  influence  of,  on  the  crystallis- 
ation of  sodium  chlorate  (KipriNO 
and  Pope),  T.,  613  ;  P.,  1898,  160. 
action  of  hydrogen  bromide  on,  in 
presence  of  ether  (Fenton  and 
Gostling),  T.,  557;  P.,  1898,  147. 

Mannosaccharic  acid,  action  of  hydrogen 
Itroniide  on,  in  presence  of  ether 
(FiCNTOx  and  Gostling),  T.,  558. 

Mechanical  representation  of  intra- 
mole>,ular  change  (Lapworth),  T., 
448;  P.,  1897,  246. 

Mellitic  acid,  from  oxidation  of  char- 
coal by  nitric  acid  (Dick.son  and 
Easterfield),  p.,  1898^6g, 

Memorial  lecture,  KekuTe^(JAPp),  T. , 
97  ;  P.,  1897.  235;  discussion,  P.,  237. 

Memorial  to  Council  with  reference  to 
the  election  of  officers  ;  opinion  of 
counsel  thereon ;  action  of  Council 
thereon ;  correspondence  relating 
thereto,  P.,  1898,  2,  4,  33,  61. 

Mercuryacetamide,  behaviour  towards 
certain  nitrogen  cnrapounds  (FoRS- 
TER),  T.,  783;  P.,  1898,  169. 

Mercurydiphenyl,  from  jdieuylhydr- 
azine  and  mercury  acetaraide  (FoRS- 
TER),  T.,  791  ;  P.,  1898,  169. 

Mercury-aluminium  fouple  (Cohen  and 
t:ALVERT),   P.,  1898,  10. 

Methoxybenzene,  4-bromo-2  :  6-dinitro- 
(Mkldola  andSTREATFEiLD),  T.,  688  ; 
P.,  1898,166. 

Za-Methoxypropionic  acid  and  its 
sodium,  calcium  and  silver  salts,  and 
their  optical  activity  (PuRUlE  and 
Laxder\  T  ,  870  ;  P.,  1898,  171. 

n'a-Methoxypropionic  acid  and  its 
metiiylic  and  calcium  salts,  also  its 
resolution  with  morphine  (I'urdie  and 
Lander),  T.,  868  ;  P  ,  1898,  171. 

Methylacetoacetic  acid,  ei hylic  .salt, 
acui'U  o'  ferric  chloiide  on  (Morrell 
ai:d  Crofts),  T.,  346. 

Methylaniline,  and  its    platinochloride 
((  OHEx  and  Calvert),  T.,  165, 
nitroso-,    foimati  n    of   (Cohen    and 
Calvekt),  T.,  164  ;  P  ,  1898,  10. 

Methylenemalonic  acid,  ethyli'  salt,  and 
its  /«/■«- and  vn'-Za-polvmerides  (Per- 
kin and  Haworth),  T.,  341;  P., 
1898,  45. 

Methylenic  iodide,  properties  of 
(Madan),  P.,  1898,  101 

Methylc.vc/ohexane  {melhylhexamethyl- 
e-iic),  23respnee  ot,  in  American  petrol- 
eum (Young),  T.,  917  ;  P.,  1898, 
175. 

4  c  2 
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Methylci/c^pentane  {mefhylpentame- 
thijkne),  presence  of,  in  American 
petroleum  (You.ng),  T.,  910;  P., 
1898,  175. 
a-  .ind  )3-Methylpropanetetracarboxylic 
acids,  etliylic  salts  (Ruhemann  and 
ClTVNIN'GTON),  T.,  1009,  1010. 
Methylwopropylacetic  acid.     See  under 

Hexoic  acids. 
Morin,  sodium,   potassium,    ammonium, 
and  magnesium  salts  of(PERKiN  and 
Wood),  P.,  1898,  56. 
diazobenzene  derivative  of  (Perkin), 
T.,  670;  P.,  1898,  161. 
Mucic  acid,  action  of  hydrogen  bromide 
on,  in   presence  of  ether  (Fenton 
and  GosTLiNu),  T.,  558. 
action  of  hydrogen  peroxide  on,  in  the 
presence  of  ferrous  iron  (Fkxton), 
P.,  1898,120. 
Myricetin,  presence  of,  in  Ehus  cotinus 
leaves  (sumach),  (Perkix),  T.,  1017 ; 
P.,  1898,  183. 
presence  of,  in  the  leaves  of  Pistacia 
lentiscus,  in  "gambuzzo,"  and  galls 
of    P.    terebinthus     (Perkin     and 
Wood),   T.,   376  ;    P.,   1898,    104. 
salts   of   (Perkix    and    Wood),   P., 
1898,  57. 
Myrticolorin,    the  colouring    matter  of 
Eiicahiptus  macrorhyncha  (Smith),  T.  , 
698;  P.,  1898,  166. 


N. 


Naphthacridine,  and  its  methiodide  and 

cthiodide   (MoRG.\x),    T.,    548 ;     P., 

1898,  132. 
oci-Naphthacridine,  methiodide,  ethiod- 

ide  ;  conversion  of,  into  naphthacrid- 

ine   (Morgan),   T.,    544  ;    P.,    1898, 

132. 
a-Naphthol,   2  :  4-rfinitro-,  condensation 

of,  with  piperidine  (Rosenheim  and 

Schidrowitz),    T.,    144;  p.,    1897, 

234. 
)3-Naplithylamine,  behaviour  of,  towards 

formaldehyde    (Morgan),     T.,    536  ; 

P.,  1898,  132. 
/^■Naphthylsemicarbazide   (Young    and 

Stockwri.l),     T.,     370;     P.,     1898, 

73. 
Neobomylamine,  its  salts,  formyl,  acetyl, 

and  benzoyl  (l(!riviitive8(FoRSTER),  T., 

386  ;  P. ,  1898,  97. 
Neodymium,        atomic        weight       of 
(Brauner),  P.,  1898,  72. 

absorption    spectrum   of    (Braxjneb), 
P.,  1898,  72. 
Neodymium,  salts  and  oxide  of  (Br.\it- 

NEii),  P.,  1898,  72. 


Nickel    potassium      carbonate      (Rey- 
nolds), T.,  264  ;  P.,  1898,  54. 
Nitrogen  trioxi^e   {nitrous  anhydride), 
preparation  of    liquid   (CoHEN   and 
Calvert),  T.,  166. 
<c<roxide    [nitric   peroxide),  influence 
of,  on  the  formation  of  ozone  from  air 
(Shenstone  and  Evans),  T.,  250; 
P.,  1898,  40. 
Nitrogen,    detection    and  separation   of 
helium  from,  hy  liquefaction  (Dewar), 
P.,  1897,  190. 
Nonoic  acid,   from  fusion  of  camphoric 
acid    with    potash     (Crossley     an<l 
Perkin),  T.,  21  ;  P.,  1897,  218. 


Obituary  notices: — 

W.  L.  Hiepe,  T.,  1047. 

James  AVyllie  Rodger,  T.,  1047. 
2so-Octane,  action  of  fuming  nitric  acid 

on,  and  its  nitro-compound  (Francis 

and    Young),    T.,    931;     P.,    1898. 

177. 
Oct2i.'a.e{dih6butyl,dimethylhexa7ie),2L<ii\ow 

of  fuming  nitric  acid  on,  and  its  tri- 

nitro-derivative (Francis  and  Young). 

T.,  932;  P.,  1898,  177. 
Octoic  acid,   from  fusion  of  camphoric 

acid  with  potash  ;  oxidation  (Crossley 

and    Perkin),    T.,    19;     P.,    1897. 

218. 
Officers,  Memorial  to  the  Council  with 

reference    to    the     election    of    the : 

opinion  of  counsel  thereon  :  action  of 

the  Council  thereon  :  correspondence 

relating  to,  P.,  1898,  2,  4,  33,  61. 
Oleic  acid,   oxidation  of,  with  alkaline 

potassium    permanganate,    and    with 

chromic    acid ;    fusion    with     potash 

(Edmed),     T.,    628,    631,   632;    P., 

1898,  133. 
Orcinol,    condensation  of,   with  chloral 

hydrate    (Hewitt    and   Dixon),    T., 

397;  P.,  1898,  103. 
Organic     compoands,  unsaturated, 

stereochemistry   of  (Sudrorough  and 

Lloyd),  T.,  81  ;  P.,  1897,  240. 
Osmotic  pressure  of  solutions,  influence 

of    molecular      association     on    the 

(Crompton),  p.,  1897,  225. 
Osyritrin,  relation   of,    to    myrticolorin 

and  Viola  qnercitrin  (Smith),  T.,  701; 

P.,  1898,  167. 
Oxalacetic  acid,   ethylic  salt,  action  of 

ferric     chloride     on    (MORIUXL    and 

Crofts),  T.,  346. 
Oxalic  acid,  action  of  hydrogen  bromide 

on,    in    presence   of  ether    (Fenton 

and  Gostling),  T.,  555, 
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Oxalic  acid,  cerium,  lantlianum, 
neodyiuium,  praseodymiiuu,  thor- 
ium and  yttrium  salts,  solubility  of, 
in  ammonium  oxalate  and  in  sul- 
phuric, acid  (Braunek),  T.,  972  ; 
P.,  1898,  68. 

thorium  salt,  action  of  nitric  acid  on 
(Brauner),  T.,  981;  P.,  1898, 
68. 

thorium  ammonium  salt  (Brauner), 
T.,  951;  P.,  1898,  67. 
Oxalocitric  acid,  ethyiic  salt,  lactone  of, 

action  of  ferric  chloride  on  (Mokrkll 

and    Crofts),    T.,    348;     P.,    1898, 

65. 
Oxycannabiu  and  its  reduction  products 

(DUN.STAN  and    Henry),    P.,    1898, 

44 ;    (Wood,    Spivey    and    Easter- 

FELD),  P.,  1898,  67,  184. 
Ozone,    formation   of,    from   air  (Shen- 

stone    and   Evans),     T.,     246;    P., 

1898,  39. 


Palladium,  absorption  of  hydrogen  by 
at   high   temperatures  (Deavar),    P., 

1897,  192. 

Papaverine,  constitution  of  (Pope  and 
Peachfa-),  T.,  893  ;  P.,  1898,  122. 

Parafl&ns,  and  other  hydrocarbons, 
action  of  fuming  nitric  acid  on 
(Francis  and  Yovng),  T.,   928;  P., 

1898,  177. 

Pentane,     normal,     presence      of,      in 
American     petroleum    (Yorxo),    T., 
907;  P.,  1898,  175. 
/50-Pentane,    presence   of,    in   American 
petroleum  (Young),   T.,    907;  P., 
1898,  175. 
action  of  fuming  nitric  acid  on,   and 
its  nitro-derivative    (Francis    and 
Young),     T.,     931;      P.,      1898, 
177. 
c.i/f/o-Pentane  {pentamethylcne),  presence 
of,  in  American  ])etroleum  (Young), 
T.,  907  ;  P.,  1898,  175. 
Periodic  system,  position  of  praseodym- 
ium and   neodymium  in  (Brauner), 
P.,  1889,  72. 
Petroleum,    American,    composition  of 
(Young),  T.,  905;  P.,  1898,  175. 
comparison     of    the    composition    of 
American,    Galician    and     Russian 
(Young),  T.,  918  ;  P..  1898,  176. 
Phenol,   bromination   and   nitration    of 
(Meldola    and  Streatfeild),  T., 
681;  P.,  1898,  165. 
o-bromo-  and  ;j-bromo-,  preparation  of 
(Meldola  and  Streatfeild),  T., 
68-3,  685. 


Phenol,      2-bromo-4-nitro-,       2-bromo- 
6-nitro-,  4-bromo-2-nitro-,  2-l)romo- 
4  :  6-fZniitro-,  and   4-bromo-2-nitro- 
6-amino-  (Meldola   and    Streat- 
feild),   T.,    681—686;   P.,    1898. 
165,  166. 
0-  and  ^j-nitro-,   condensation  of,  with 
piperidinc  (PiOsenheim  and  Schid- 
rowitz),  T.,  143  ;  P.,  1897,  234. 
Phenylazocarbamide,    5)i-nitro-  (Young 
and  Stockwell),  T.,  372;    P.,  1898, 
74. 
a-Phenylcinnamic  acid,  etherification  of 
(.Sumioi;of(;n    and   Lloyd),    T.,   92  ; 
P.,  1897,  240. 
o-Phenyl«//ocinnamic    acid,    etherifica- 
tion of  (SuDBOROUGii  and  Lloyd),  T., 
92;  P.,  1897,  241. 
Phenylfenchylamine,  and  its  acetyl  de- 
rivative (Gardner  and    Cockburn), 
T.,  277  ;  P.,  1898,  9. 
Phenylhydrazine,  behaviour  of,  towards 
mercury       acetamide       (Forster), 
T.,  790  ;  P.,  1898,  169. 
estimation  of  (Forster),  T.,  792. 
Phenylhydrazine,  o-bromo-,  and  its  salts 
(Hewitt   and    Pope),   T.,   176;    P., 
1898,  7. 
y3-Phenylhydroxylamine,    behaviour  of, 
towards  mercurv  acetamide  (Forstek), 
T.,  786;  P.,  1898,  169. 
Phenylmethylcarbamide,    solubility  of, 
in   acetone,  benzene,  ether  and   water 
(Walker   and  Wood),  T.,  626  ;    P., 
1898,  158. 
Phenylnitrocarbinol,  action    of,  on  di- 
methvlanilinc  (CoHEN  and  Calvert), 
T.,  163. 
a-Phenyl-o-,  m-  and;j-nitro-cinnamicand 
-aZZocinnamic  acids,    etherification  of 
(SuDROROuGU   and   Lloyd),    T.,   92  ; 
P.,  1897,  241. 
/8-  Phenylpr  opane-  aooi-tricarboxylic 
acid,   ethyiic     salt    (Euhemann  and 
Cunnington),  T.,  1014. 
Phenylpropiolic  acid,  ethyiic  .'^alt,  con- 
densation   of,  with  piperidine   (KuHE- 
MANN     and     Browning),    T.,     723  ; 
P.,  1898,  167. 
/8-Phenylpropylene-aoa-tricarboxylic 
acid,    ethyiic    salt  (Euhemann    and 
Cunnington),  T.,  1015. 
Phenylsemicarbazide,   5n-nitro-,  and  its 
benzovl      derivaiives     (Young      and 
Stockavell,)T.,  372  ;  P.,  1898,  74. 
Phosphorus,  solution  of,   in  methylenic 
di-iodide       (Madan),        P.,        1898, 
101. 
Photochemistry  : — 
Rijntgen  rays,  photographs  of  alloys 
taken  by  (Heycock  and  Neaille), 
T.,  714;  P.,  1897,  105. 
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PH0T0CH1:.M1STUY  : — 

Rotatory  power  of  allyloxy]iropionic 
acids  (1'l'1:i)II- and  Laxdeu),    T., 
862;  P.,  1898,  171. 
of  dietiiylic  monobeuzoyl-  and  mono- 
7)1-,     p-     and    o-toluoyl-tartrates 
(Frankland  and  McCrae),  T., 
307  ;  P.,  1898,  74. 
of    chloiacetylglycerates     and    tar- 
trates (Frankland  and  Patter- 
.son),  T.,  181  ;  P.,  1898,  28. 
of    ethylic   and   methylic   di-mono- 
chloracetyltartrates  ( Frankland 
and    TURNBi-LL),    T.,    203  ;    P., 
1898,  29. 
of  "allotanuic  acid  and  its  derivatives 
(Rosenheim  and  Schidrowitz), 
T.,  878  ;  P.,  1898,  171. 
of  gallotannic  acid,  influence  of  con- 
centration, solvent,  and  admixed 
substances(RosENHEiM  and  Schid- 
rowitz),    T.,     886;     P.,    1898, 
172. 
of  podophyllic  acid  and  podophyllo- 
toxin  (DuNSTAN  and  Henry),  T., 
209  ;  P.,  1898,  -12. 
of    metliylic    and   ethylic   tartrates 
(Rodger and Brame),T.,  301  ;  P., 
1898,  76. 
Eefraction  of  liquid  fluorine  (Moissan 

and  Dewar),  P.,  1897,  183. 
Spectra  of  praseodymium  and  neodym- 
ium  (Brauner),  P.,  1898,  70. 
of  benzene  (Hartley  and  Dobeie), 

T.,  695  ;  P.,  1898,  42. 
ultraviolet,  of  diketohexaraethylene, 
jiyrroline,      tliioplien,     furfuranc 
and   derivatives    (Hartley   and 
Docbie),  T.,  598  ;   P.,  1898,  41. 
Picric       acid      (2-A:Q-trlnitro}>licnol), 
condensation     of,      with     piperidine 
(Rosenheim      and       Schidrowitz), 
T.,  143  ;  P.,  1897,  234. 
Picropodophyllin,  preparation,  and  pro- 
pertiis,  and  constitution  of  (Dunstan 
ami  Henry),  T.,  213;  P.,  1898,  42. 
action  of  nitric  acid,  and  of  zinc  dust 
on  (Dun.stan  and  Henry),  T.,  218  ; 
P.,  1898,  42. 
bromo-,  preparation  of  (DuNSTAN  and 
Henry).  T.,  217. 
Pimelic    acid    (isopropylsuccinic    acid), 
from    fusion   of  camphoric  acid  with 
]iotash    (Crossley  and  Perkin),  T., 
22;  P.,  1897,  218. 
Piperidine      {hc.i-ahiidropyridme),     con- 
ilcnsation    of,    with    catechol,    'gallic 
acid,        guaiacol,        fi?/iiitronaphthol, 
o-    and   p-nitrophenols,     i>icri(;    acid, 
pyrogallol,       quinol,       tannin,      and 
vanillin    (Rosenheim   and    Schidro- 
witz), T.,  140  ;   P.,  1897,  234. 


Piperidine  (hexahydropyridinc) ,  con- 
densation of,  with  ethylic  aconitate, 
citraconatc,  fumarate,  and  phenyl- 
projjiolate  (Ruhemann  and  Brown- 
ing), T.,  723;  P.,  1898,  167. 
guaiacolate,    physiological     action    of 

(TUNNICLIFFE),  T.,   145. 

hydrochloride,    action    of    potassium 
cyanate   on   (YouNG    and   Clark), 
T.,  366. 
Piperidylcarbamide,  and  action  of  acetic 

chloride  on  (Young  and  Clakk),  T., 

366. 
Piperidylcinnamic  acid,  ethylic  salt  of 

(RuHEMANN  and  Browning), T.,  726  ; 

P.,  1898,  1«7. 
Piperidylpyrotartaric  acid,  ethylic  salt 

(Ruhemann    and     Browning),     T., 

725;  P.,  1898,  167. 
Piperidylsuccinic     acid,     ethylic     salt 

(Ruhemann     and     Broa%ning)     T.  , 

723;  P.,  1898,  167. 
Piperidyltricarballylic      acid,      ethylic 

salt    (Ruhemann    and    Browning), 

T.,  725  ;  P.,  1898,  167. 
Pistacia    hntiscus    leaves,     presence    ot 

niyricetin       and       gallotannic       acid 

in,    and   their    tanning    and    dyeing 

properties     (Perkin       and      Wood), 

T.,  376,  377  ;  P.,  1898,  104,  105. 
Pistacia terchinthv.s,  presence  of  myricetiu 

in  the  galls  of  (Perkin  and  Wood), 

T.,  385  ;  P.,  1898,  105. 
Platinum  /«o?iocliloride  (Sonstadt),  P., 

1898,  25. 
Podophyllic  acid  and  its  metallic  salts 

(Uunstan   and    Henry),    T.,    214  ; 

P.,  1898,  42. 
Podophyllin,    estimation    of,    in    Podo- 

pliiilluiii     rniodi     and     P.     peltatum 

(Duxstan  and  Henry),  T.,  224  ;  P., 

1898,  42. 
Podophyllo-resin    and    its    acetyl    and 

pot-Hsh    fusion   derivatives   (Dunstan 

and  Henry),  T.,  221  ;  P.,  1898,  42. 
Podophyllotoxin,  and  the  action  of  nitric 

acid  and  of   zinc  dust  on  (Dunstan 

and  Henry),  T.,  212,  218  ;  P.,  1898, 

42. 
Podophyllum  eraodi  and  P.  peltatum,  the 

constituents      of      (Dun.stan      and 
Henry),  T.,  209;  P.,  1898,  42. 
Polyatomic  radicles,  theory  of  (KEKULfi 

Lectl'rk),  T.,  124. 
Potassium,  double  carbonates  of,  with 
bismuth,  calcium,  cobalt,  copper, 
iron  (ferrous),  magnesium,  man- 
ganese, nickel  and  silver  (Rey- 
nolds), T.,  263—265  ;  P.,  1898, 
54. 
pcrchXovaie,  molecular  weight  ol' 
(Crofts),  T.,  596  ;  P.,  1898,  124. 
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Potassium   iiian.f,'aiiic    chloride    (liicE), 
T.,   260  ;   P.,  1898,  53. 
perioda,te,      molecular      weight       of, 

(Ckofts),  T.,  597  ;  P.,  1898,  124. 
/wni  an  gall  ate,    iiinleciilar    weight    of 

(Crokts),  T.,  596  ;  1'.,  1898,'  Ui. 
platiiiochloiide,   ileconniosition    of,  in 
dilute    solutions    (Sonstadt),     P., 
1898,  25. 
Praseodymium,  aiisorjition  spectrum   of 
(BuAUNKii),  P.,  1898,  70. 
atomic    weight    of    (I3k.4.uneu'),    P., 
1898,  70. ' 
Praseodymium,    salts    and     oxides    of 

(BRAUNKit),  1\,  1898,  70. 
Presidential     address     (Dewau),     T., 

1039  ;  P.,  1898,  S!t. 
sPropanehexacarboxylic    acid,    ethylic 
salt   (Run  EM  ANN   and  Cunnington), 
T.,  1013. 
i-Propanepentacarboxylic  acid,  ethylic 

salt    (RuiIliMANN    and    CUNKIKGTO.s), 

T.,  1012. 
Propaiie-aoai/3-tetracarboxylic      acid, 

ethylic    salt,    and     the    action     of 
ammonia  and  of  Inomine  on  (Ruhe- 
MANN      and      Cunxington),      T., 
1007. 
.iiamidoimide    of    (Ruhemaxn     and 
Cunnington),  T.,  1008. 
Propionic  acid,  from  fu.sion  of  camphoric 
acid    with    potash    (Crossley  and 
Perkin),  T.,  H;  p.,  1897,  217. 
ethylic    salt,    velocity    of    hydrolysis 
of  (SuDROROUGH  and   Feilmaxn), 
P.,  1897,  243. 
a-chloro-,     ctliylic     salt,     action      of 
sodium   ethoxide   on  (Perkin  and 
Haworth),  T.,  337  ;  P.,  1898,  45. 
Propoxypropionic     acid,     from     silver 
lactate  and  2'.sopro|iylic  iodide  fPuKDiE 
and  Lan'DEp,),   P.,  299  ;  P.,  1898,  76. 
-Propoxypropionic  acidai'dits  calcium, 
sodium,    and    silver   salts,    and    their 
optical  activity  (PuRDiE  and  L.a.nder), 
T.,  873  ;  P.,  1898,  171. 
/  Propoxypropionic      acid,      and      its 
propylic      calcium,     barium,     silver, 
strontium,  and  magnesium  salts  ;  also 
its  resolution  with  morphine  (Purdie 
and    Lander),    T.,    871  ;   P.,    1898, 
171. 
Propoxysuccinic  acid,  barium,  calcium, 
potassium,    awi    propylic    salts    and 
rotations  of  (Purdie  and  Lander), 
T.,  289. 
.M-PropylMobutylacrylic     acid.         See 

Decenoic  acids. 
a-i5o-Propyl-/3-ZAobutylhydracrylic  acid, 
silver,    calcium,    coj'per,    lead    salts ; 
identification  with  amydecylenic  acid 
(Bentley  and  Pekkin),  T.,  66. 


Propylene-aai37-tetracarboxylic      acid, 
ethylic  salt,   from  ilie  action   of  heat 
on    the    bromo-derivative    of    ethylic 
propMiictetracarboxylate    (  Ruiiemanx 
and  CrNXiNUTON),"'T.,  1008 
a-/s(*-PropyIpropane-aaa,j3-tetracarb- 
oxylic  acid,  ethylic  salt  (RuiiEM.A.xx 
and  CuN.N'iN(iTOX),  T.,  1010. 
Puriri,    colouring   matters  of  wood   of, 
and   dyeing  luoperties  (Pekkin),   T. , 
1019  ;  P.,  1898,  183. 
Pyridine,   action  of  chlorine   on  {Ski^. 
and  DooTSOX),  T.,  442  ;  P.,  1898, 124. 
Pyridine,    rfjchloro-,     frhMoro-    (three 
isomeric  forms),  tetrachhtro-  (three 
forms},     pimtaiih]o\o-     (Seli,     and 
DooTsoN),    T.,   437,   439,  441  ;  P.,^ 
1898,  110. 
rfichloro-,   hydrochloride   of,    identity 
of,  with  <?-M^hloropyriilinu  (Sell  and 
Dootson),  T.,  444  ;  P.,  1898,  124. 
<ri(;hloio(Wamino-,  and    fe^9-ai;hloro-4- 
amiao-    (Sell    ami    Dootson),    T. . 
781,  782  ;  P.,  1898,  168. 
Pyridine-2  :  3 :  4-tricarboxylic  acid 
{'carbociiichonwronic    acid),    5-ciiloro-, 
and    its    ethylic     .salt    (Collie    and 
Lean),  T.,  591  ;  P.,  1898,  148. 
Pyrocatechol.     See  Catechdl. 
Pyrogallol     (1:2:  'i-trihydroxyhcnr.ene), 
condensation       of,      with     piperidine 
(PiOSEnheim   and  Schidrowitz),  T., 
142  ;  P.,  1897,  234. 
Pyromucic  acid    (furfuran-a-carioxylic 
acid),     ultra-violet    absorption    spec- 
trum of  (H.\rtley   and  DoBBiE),  T.. 
600  ;  P.,  1898,  41. 
Pyrroline,  ultra-violet   absorption  .spec- 
trum of  (Hartley  and    Dobbie),  T.  , 
603  ;  P.,  1898,  41. 
Pyruvic       acid,     bromotolylhydrazone, 
and  its  salts  (Hewitt  and  Pope),  T., 
17l»;  P.,  1898,  7. 


Q. 


Quercetin,    occurrence  of,  in   "asbarg" 

{Delphiniuhi    zalil)    (Perkin     and 

Pilgrim),  T.,  267  ;  P.,  1898,  55. 
occurrence   of,  in  Podophyllum  emodi 

(DrxsTAX  and  Henry),    T.,  209  ; 

P.,  1898,  42. 
occurrence    of,  in  Elms  rliodunthenia 

leaves    (Perkix),    T.,    1018;     P., 

1898,  183. 
relation  of,    to  myrticolorin  and  osv- 

ritrin  (Smith),   T.,  701 ;  P.,  1898, 

167. 
potassium      and      sodium     salts      of 

(Perkix    and    WoodV     P.,   1898. 

56. 
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Quercetin,  probable  presence  of  a  new 
methyl  ether  of,    in  Tamaris  africana 
and  T.  gallica  (Tehkin  and  Wood), 
T.,  381  ;  P.,  1898,  104,  105. 
Quinol,  behaviour  of,   towards  mercury- 
acetaiiiMe  (Foester),  T.,  796. 
condensation     of,      with      piperidine 
(RusENUEiM     and     Schidrowitz), 
T.,  141  ;  P.,  1897,  234. 


R. 


Refraction.     Seo  Pliotochemistry. 

KesiHS,  CiaHjoOa  and  Ci3Hi403,  from 
•'waras"  (Pekkin),  T.,  663;  P., 
1898,  162. 

Hhaninazin,  relation  of,  to  rh am netin  and 
(sorliamnetin  (Perkin  and  Pilgrim), 
T.,  272. 

2.so-Ehanmetin,  preparation  of,  from 
Dcliihinium  zalil,  and  oxidation  pro- 
ducts and  dyeing  properties  of 
(Perkin  and  Pilgrim),  T.,  269  ;  P., 
1898,  55. 

Rhamnose.     See  fso-Dulcitol. 

Rhus  co?-Ja.ri«  (sumach),  the  adulteration 
and  detection  of  (Perkix  and  Wood), 
T.  374;  P.,  1898,  104. 

Elms  cotinus  and  R.  rhodunthema  leaves, 
colouring  matter  of,  and  tanuing  pro- 
perties of  (Perki>-),  T.,  1018;  P., 
1898,  183. 

Rontgen  rays.     See  Photochemistry. 

Rotatory  power.    Sec  Photochemistry. 


S. 


Saccharic  acid,  action  of  hydrogen 
bromide  on,  in  presence  of  ether 
(Fenton  and  Gostling),  T.,  558. 
action  of  hydrogen  peroxide  on,  in 
the  presence  of  ferrous  iron  (Fen- 
ton), P.,  1898,  120. 

Salicylaidehydehromotolylhydrazone 
iHewitt    arid   Pl-I'e),    T.,    ITS;    P., 
1898,  7. 

Salicylic  acid,  .solubility  of,  in  water, 
benzene,  acetone,  and  ether  (Walker 
and  Wood),  T.,  620  ;  P.,  1898,  158. 

Shioia  leaves  (Pisfaa'a  len(iscus),  pre- 
sence of  myricetin  and  gallotannic 
acid  in  ;  thi-ir  tanning  and  dyeing 
properties  (Perkix  and  Wood), 
T.,  375,  377  ;  P.,  1898,  104,  105. 

Silver-alloys  with  aluminium,  Kbntgen 
lay  jdiotographs  of  (Heycock  and 
Neville),  T.,  721  ;  P.,  1896,  106. 

Silver  potassiuiri  carbonate  HiiCYN'oLD-s), 
T.,  265;  P.,  1898,  51. 


Sodium  alloys  with  gold,  Rontgen  raj' 
photographs       of      (Hevcook       and 
Neville),  T.,  716  ;  P.,  1897,  105. 
Sodium   iiborate  {borax),  determination 
of  the    water  of  crvstallisation  in 
(Armitage),  p.,  1898,  22. 
chlorate,  compound  crystals  of  (Pope), 
T.,  949  ;  P.,  1898,  178. 
deposition  of  enantiomorphous  forms 
of,  from  solutions  of  dextrose,  &c. 
(Kipping  and  Pope),  T.,  608  ;  P., 
1898,  160. 
^;i;rchlorate,      molecular     weight      of 
(Crofts),  T.,  596  ;  P.,  1898,  124. 
Sodium,      detection     aud      estimation 
of:— 
detection   of  (Fenton),   T.,  167;  P., 

1898,  21. 
estimation  of,  volumetrically(FENTON), 
T.,  167  ;P.,  1898,21. 
Solubility  of  isomerides,  connection  be- 
tween melting  point,  solvent,  tem- 
perature and  (Walker  and  Wood), 
T.,  618;  P.,  1898,  158. 
of  isomeric  substituted  carbamides  in 
acetone,   benzene,  ether,  and  water 
(Walker  and  Wood),  T.,  626  ;  P., 
1898,  158. 
of  m-  and  ^-hydroxy benzoic  acids  in 
water,   ether,  benzene,  and  acetone 
(Walker    and    Wood),    T.,    622; 
P.,  1898,  158. 
of  salicylic  acid    in   water,  benzene, 
acetone,     and      ether      (Walker 
and    Wood),   T.,    620;   P.,   1898, 
158. 
Sorbitol,    action   of  hydrogen   bromide 
on,  in  presence  of  ether  (Fenton  and 
Gostling),  T.,  557. 
Sorbose,  action  of  hydrogen  bromide  on, 
in  presence  of    ether    (Fenton    and 
Gostling),  T.,  558. 
Spectrum.     See  Pliotochemistry. 
Starch,  hydrolysis  of,  by  acids  (Johnson), 
T.,  490;    P.,  1898,  106. 
action   of    hydrogen   bromide   on,   in 
presence     of    ether    (Fenton    and 
Gostlino),  T.,  557  ;   P.,  1898,  147. 
Stearic  acid  {hcxcidccylacctic  acid),  action 
of  hydrogen  bromide  on,  in  presence 
of  ether  (Fenton  and  Gostling),  T., 
555. 
Stilbene-2  :  2'-disulphomc     acid,    4  :  4'- 
diuitro-,  and    its     saUs     (Herz    and 
P,entley),  p.,  1898,125. 
Substance,  C,oIlj4K4()4H<i,  from  nitroso- 
jS-phenylhy.lroxylamine    and    mer- 
cury acctamide  (Forster),  T.,  788  ; 
P.,  1898,  169. 
C,,Hi,NO,   a  nitro-lactone  from  can- 
nai.inol,  and  itssalts(  Wood,  Spivev, 
and  Ea.sterfield),  P.,  1898,  67. 
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Substance,  CislIijN.iOj,  from  cainiabinol 
and  its  salts  (Woou,  Spivey,  and 
Eastehfield),  p.,  1898,  67. 

CjgHjgNsOollg,  from  diazoamino- 
benzeue  and  niercuryacetamiile 
(FoKSTEit),  T.,  793;  P.,  1898, 
169. 

Ci^HooNjOy,  formed  by  action  of 
nitric  acid  on  cannabinol  (Wood, 
Spivey,  and  Eastekfield),  P., 
1898,  67. 

CnHooNoOg,  from  Cj^H.^o^aOe.  f™ni 
cannabinol  (Wood,  Spivey,  and 
Eastehfield),  P.,  1898,  67. 

O01H23N3O8,  a  derivative  of  canna- 
binol ;  its  salts  (Wood,  Spivey, 
and  Eastekfield),  P.,  1898, 
104 

C.jiHjgOji,  formed  by  hydrolysis  of 
acetyl-eannabinol  and  its  nitro- 
derivative  (Wood,  Spivey,  and 
Eastehfield),  P.,  1898,  104. 
Succinic  acid,  obtained  from  the  wood 
of  Gou'pia  tomentosa  (Dunstan  and 
Henry),  T.,  226  ;  P.,  1898,  44. 

liotassium  salt,  compounds  of,  with 
the  succinates  of  copper,  nickel, 
zinc,  lead,  calcium,  manganese  and 
magnesium  (Reynolds),  T.,  701  ; 
P.,  1898,  167. 
Succinic    acid,    tlie    half    aldehyde    of 

[Q-aldehydoprop Ionic  acid),  from  acetal- 

malonie   acid  (Peiikin  and  S prank- 
ling),  P.,  1898,  112. 
i'so-Succinic   acid,   o;3-rfibromo-,   ethylic 

salt    (Perki.v    and    Haworth),    T., 

342;  P.,  1898,  45. 
Sucrose  {saccharose,  cane-sugar),  action 
of  hydrogen  bromide  and  hydrogen 
chloride  on,  in  presence  of  etiier 
(Fenton  and  Gostling),  T., 
556. 

action  of  hydrogen  peroxide  on,  in 
presence  of  ferrous  sulphate  (Cross, 
Bevan,  and  Smith),  T.,  465,  471  ; 
P.,  1899,  116. 
Sugar,  synthetical,  from  glycollic  anhy- 
dride, action  of  hydrogen  bromide 
and  hydrogen  chloride  on,  in  pre- 
sence of  ether  (Fenton  and  Gost- 
ling),  T.,  557. 

obtained  by  hydrolysis  of  myrticolorin 
and  its  osazone  (Smith),  T.,  700  ; 
P.,  1898,  167. 
Sulphocamphylic  acid,    salts,   chloride, 

bromide,    and   coustitutiou   of  (Per- 

kin),  T.,  820;  P.,  1895,  23;  1897,  200; 

1898,  169. 
Sulphur,  volatility  of  (Porter),  P.,  1898, 
65. 

solution  of,  in  methylenic  di-iodide 
(Madan),  p.,  1898,  101. 


Sumach,    Sicilian   {Pihus   coriaria),    the 
adulteration    of,    and    detection   of 
(Perkix  and  WoodI,  T.,  374;  P., 
1898,  104. 
Venetian,    presence   of   myiicctin   in, 
and  tanning  properties  of  (Pirkin), 
T.,  1017  ;  P.,  1898,  183. 
Surface  tension  of  liquid  fluorine  (Mois- 
SAN  and  Dewar),  P.,  1897,  181. 


T. 


Tamaris  africana  ("bruca"),    the  col- 
ouring matter  of,  and  presence  of  gallo- 
and  ellagi-tannic  acids  in  (P«hkin  and 
Wood),  T.,  380;  P.,  1898,  105. 
Tamaris  gallica,  the  colouring  principle 
of,  percentage  of  tannin  in  the  leaves 
of,  and  its  nature  (Perkin  and  Wood), 
T.,  380;  P.,  1898,  ]05. 
Tannin,  condcmsatidu  of,  with  piperidine 
(Rosenheim  and  Scuidrowitz),  T., 
144;  P.,  1897,  234. 
amount  of,  in  leaves  of  Rhtis  cotinus 
and  R.  rhodantheiaa  (Peekin),  T., 
1017,  1018;  P.,  1898,  183. 
Tartaric  acid,  sodium  ammonium  salts, 
separation  of  the  Irevo-  and  dextro- 
( Kipping    and    Pope\    P.,     1898, 
113. 
methylic   and  ethylic   salts,    rotatory 
powers  of  (Rodger  and  Bramb),  T., 
301  ;  P.,  1898,  76. 
Tartronic  acid,  preparation  of,  from  di- 
hydroxy tartaric  acid  (Fsnton),  T., 
73;  P.,  1897,  224. 
conductivity  of  solutions  of  (Skinner), 
T.,  489  ;  P.,  1898,  121. 
Terpineol,  action  of  hydrogen   bromide 
on,  in  presence  of  ether  (Fsnton  and 
Gostling),  T.,  558. 
Tetrahydrobenzene.     See  cj/c/o-Hexene. 
c?-Tetrahydropapaverine,        d-o-bromo- 
camphorsulphouaie  (PoPE         and 

Peachey),  T.,  898  ;  P.,  1898,  123. 
Z-Tetrahydropapaverine,         ^-o-bromo- 
camphorsulphonate,       (^-a-chlorocam- 
phorsulphonate  (Pope  and  Peachey), 
T.,  897;  P.,  1898,  12-3. 
Tetrahydropapaverine,     racemic,    non- 
resolution  of,  by  tartaric  acid  (Pope 
and  Peachey),  T.,  902. 
resolution    of,    into    optically    active 
components  (Pope  and  Peaohiy), 
T.,  893  ;  P.,  1898,  122. 
Tetramethylenedicarboxylic  a«id.     See 

cycZo-Butanedi -arboxyiic  acid. 
Tetrazobenzenehesperitin,  and  diacetyl 
derivative  (Perkin),  T.,  1032,1037; 
P.,  1895,  185. 
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( Toluene  co>)inounds  Mc  =  l). 
prtra-Tetrylenedicarboxylic  acid,    iden- 
tity of,  with  c;/cto-butane-l  :  3-tiioai'b- 
oxylic  aci  1  (Peiikin  and  Haworth), 
T.,  337;  P.,  1898,  45, 
Thermochemical  data  (lieat  of  dissocia- 
tion) of   iialhidi'im-liydiogen  at  hitjh 
1eiiiperatuie.s  (Dewar),  P.,  1897,  197. 
Thiophen,        ultra-violet        alisoiption 
spectrum  of  (Hartley  and  Dobbie), 
T.,  601  ;  P.,  1898,  41. 
Thorium,  atomic  weight  of  (Braunee), 

T.,  98.5;  I^,  1898,  tiS. 
Toluene,  jircsence  of,  in  American  petrol- 
eum   (Young),    T.,    918  ;    P.,    1898, 
175. 
Toluene,    3  :  5-f?ibromo-2-iodo-,    and  its 
dirhlori.ie  (McCrae),   T.,  691  ;  P., 
1898,  106. 
'■', :  5-rfibvomo-2-iodoso-,  and  itsdiacet- 
•ate,      and     3 : 5-f?ibronio-2-iodoxy- 
( McCrae),  T.,  692  ;  P.,  1898,  166 
;;-chloro-,    sulphonation    of    (AV"Y^fNE 
and   Bruce),    T.,    772;    P.,    1898, 
168. 
2 : 5-iodonitro-,     and     its     dichloride 
(McCrae),  T.,  693  ;  P.,  1898,  166. 
5-nitro-2iodoso-,  and  its  diacetate  and 
diiiitrate  (McCrae),   T.,   694  ;    P., 
1898,  166. 
5-nitro.2-iodoxy.  (McCrae),  T.,  694  ; 
P.,  1898,  166. 
Toluene-2  : 4-disuIphonic   acid,    and  its 
6-chloio-derivative  ;  their  .salts,  chlor- 
ides    and     anilides     (Wynne      and 
Bruce),  T.,  754,756,  775,  776;  P., 
1898,  168. 
Toluene-2: 5-disulphonic   acid    and    its 
4-chloro-derivative  ;  their  salts,  chlor- 
ides    and     anilities     (Wynne     and 
Bruce),  T.,  743,  744,  757;  P.,  1898, 
168. 
Toluene-2  :  6  disulphonic  acid,    and   its 
4-chloio-derivative  ;  their  salts,  chlor- 
ides    ai.d     anilides     (Wynne     and 
Bruce),  T..  769,  771. 
Toluene-3  :  4-di8ulphonic  acid,   and  its 
6-cliloro-derivaiive ;    and    their  salts, 
chl'-riilcs   and   anilides   (Wynne   and 
Hruci),  T.,  746,  751  ;  P.,  1898,  168. 
Toluene-3  :  S-disulphonic  acid,   and   its 
2-bromo-,     2-chloro-,     and     4-chlo'o- 
derivatives  ;  their  salts,  chlorides  and 
anilides  (Wynne  and  Brucr),  T.,  739, 
743.  748,  749,  750  ;  P.,  1898,  168. 
"Toluenesulphonic    acid,  4-(i(.sulphide, 
pota>:>inm     salt      of  (Wynne  and 
Bruce),  T.,  754. 
4-chloro-,    and   its     salts,      chloride, 
amide     and    anilide   (Wynne  and 
Bruce),   T.,    761,  762  ;    !'.,  1898, 
168. 


( Toluene  compount^s  Mi-  —  \). 
m-Toluenesulphonic  acid  4-.diloro-,  and 
its  salts, chloriiie,  amid'-  and  anilide 
(Wynne  and     Bruce),     T.,     759, 
760;    P.,  1898,   168. 
6-chloro-,     potassium    salt.;      anilide 
sulphonation      of     (Wynne      and 
Bruce),  765   776. 
4-ethylthioether,    its     potassium   salt 
and  chloride  (Wynne   and  Bruce), 
T.,  752. 
4-etlxylsulphone,     its    salts,   chloride 
and  anilide  (Wynne  and   Bruce), 
T.,753. 
6-ethylsulphone,  its  pots.ssiiim  salt  and 
chloride  (Wynne  and    Bruce),  T., 
758. 
6-f?i'sulphide  and    6-xaiith;ite,  potass- 
ium salts  of  (Wynnr  and   Bruce), 
T.,  757,  758. 
^J-Toluenesulphonic     acid,      2-ethylsul- 
phone,       its      iioi:i>~ium    .'•alt    and 
chloride  (Wynne  and    Bruce),  T., 
757. 
2-fZisulphide,         and         2-ethylthio-, 
potassium   salts   nl'   (Wv.nne     and 
Bruce),  T.,  756,  7.t7. 
^j-Toluenesulphonic  acid,  o-ohloro-,    and 
its  salts,  chloiidi',  aini'ie   and  anilide 
(Wynne     and      Bri  ce),      T.,     764, 
765. 
2?-Toluidine,    o-bromo-,    preparation  of, 
and  its    hydrochlo  ide   (Hewitt  and 
Pope),  T.,  175. 
o-Toluidine-3  :  5-disulphonic  acid,   pre- 
paration of  (Wynnf,  ami  Bruce),   T., 
747;  P.,  1898,  I'.S. 
o-Toluidine-4  :  5-disulphonic  acid,   and 
its      potassium      ;iii(l      liarium    salts 
(Wynne  and    Bruce),  T.,  744  ;     P., 
1898,   168. 
2)-Toluidine-2  :  5-disulphonic  acid,  pre- 
paration of  (Wynnk  and   Bruce),  T., 
743  ;  P.,  1898,  168. 
^-Toluidine  3  :  5-disulphonic  acid 

(WYNNKand    Buucii),    T.,   738;   P., 
1898,   168. 
o-Toluidine-4-sulphonic  acid,     and     its 

salts  (Wynnk  and  Biujck),  T.,  741. 
0-,  ?/!,- and  ;y-Toluoyltartaric  acid,  etliyl- 
ic  s:ilts,  rotatory    powers  of  (Frank- 
L.\ND    and    McCrae),   T.,  313;    P., 
1898,  74. 
Tolylallylthiosemicarbazide,        bromo- 
(IIkwitt  and  Poi'E),    T.,    177;     P., 
1898,  7. 
^j-Tolylazocarbamide' Young  and  Stock - 

WEi.i,),  T.,  3ti0;  1898,  73. 
0-  and  jo-Tolylcarbamides,  .solubility  of, 
in  a(!etone,  beuzene,  ctlier  and    water 
(Walkrr  and  Wood),  T.    626;   P., 
I        1898,  153. 
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( Tnhjl  compounds  3Ic  =  l). 
1  :  2  :4-Tolylene-dicarbamide    and  -di- 

phenylsemicarbazide    (Snape),     P., 

1898,  75. 
Tolyliodoniuin    iodide,     dinitro-     (Mc- 

Crae),  T.,  694  ;  P.,  1898,  166. 
Tolylphenylthiosemicarbazide,     bromo- 

( Hewitt  and    Pope),  T.,    177  ;    P., 

1898,  7. 
j«-Tolylsemicarbazide,  6-bromo- 

(Hewitt  and  Pope),    T.,   177;    P., 

1898,  7. 
jo-Tolylsemicarbazide  and  its  acetyl  and 

benzoyl     derivatives      (Young     and 

Stockavell),     T.,    369:    P.,     1898, 

73. 
Tricarballylic     acid,     cyano-,    ethylic 

salt   (RuHEMANN  and  Cunnington), 

T.,  1011. 
Trimethylacetic     acid.      See      Valeric 

acids. 
ay8)3-Trimethylglutaric   acid,  from  oxi- 
dation     of        dihydrocamphoketone 

(Crossley  and  Perkin),  T.,    30  ;  P., 

1897,  218. 
Triphenylacrylic   acid,  etherification  of 

(SxjDBOEOTJGH  and  Lloyd),   T.,    92 ; 

P.,  1897,  241. 


Valency,  doctrine  of  (Kekul^  Lecture), 

T..  113  ;  P.,  1897,  236. 
'ViO-Valeric  acid,   from    fusion  of    cam- 
phoric acid  with  potash  (Crossley 
and   Pekkin),    T.,    16;    P.,    1897, 
217. 
olitained-   from  the  wood  of  Goupia 
tomentosa  (Dunstan  and  Henry), 
T.,  226  ;  P.,  1898,44. 
Valeric     acid      {trimetJiylacetie     acid), 
ethylic  salt,    velocity  of  hydrolysis  of 
(Sudborough  and  Feilmann),     P., 
1897,  243. 
Vanillic  acid,  obtained  by  oxidation   of 
j'sorhamnetin  (Perkin  and  Pilgrim), 
T.,  267. 
Vanillin,    condensation   of,  with  piper- 
idine  (Rosenheim  and  Schidrowitz), 
T.,  142;  P.,  1897,  234. 
Vapour    density    of    dry     ammonium 
chloride  (Baker),  T.,  425  ;  P.,    1898, 
100. 


Vapour  pressure  of  normal  heptane 
(Young),  T.,  675;  P.,  1898, 
165. 

Vitco;  Uttoralis  wood,  colouring  matters 
and  dyeing  properties  of  (Perkin), 
T.,  1019  ;  P.,  1898,  183. 

Vitexin,  and  its  acetyl  and  nitro- 
derivativos  ;  constitution,  decompo- 
sition products,  and  d3^eing  properties 
of  (Perkin),  T.,  1021  ;  P.,  1898, 
184. 

Volume,  molecular,  of  ethylic  and 
methylic  benzoyl-  and  toluoyl-tar- 
trates  (Frankland  and  McCeae), 
T.,  324;  P.,  1898,  74. 

Volume,  specific,  of  mixtures  of  benzene 
and      «-hexane       (Jackson      and 
Young),  T.,  922;  P.,  1898,  176. 
of     7i-heptane     (Young),     T.,     676; 
P.,  1898,  165. 


W. 


'  Waras,'  tlie  constituents  and   dyeing 
properties  of   (Perkin),  T.,  660;  P., 
1898,  162. 
Water  vapour,   influence  of,  on  the  re- 
action   of    air   and   cuprous  iodide 
(Lean  and  Whatmough),  T,,  155  ; 
P.,  1898,  6. 
influence  of,  on  the  formation  of  ozone 
from  air  (Shenstone  and  Evans), 
T.,  249  ;  P.,  1898,  40, 
Weights,     molecular,     simple    boiling 
point  method  of  determining  (Wal- 
ker   and    Lumsden),    T.,    502;   P., 
1898,  125. 


Xylose,  action  of  hydrogen  bromide  on, 
in  presence  of  ether  (Fenton  and 
GosTLiNG),  T.,  557  ;  P.,  1898,  147. 


Zymohydrolysis,  the  reversibility  of,  and 
the  equilibrium  point  between 
maltose  and  dextrose  under  the  action 
of  maltase  (Hill),  T.,  634;  P., 
1898,  156. 
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ERRATA. 

Vol.  LXIX.  (Traks.,  1896). 

Index. 

Page 

1704         col.  i    insert    "  Chattaway,  Frederick  D..  the  constitution  of  the  so-callerl 
'nitrogen  iodide,'  T.,  1572;  P..  1896,  172." 


Vol.  LXXIII.  (Trans.,  1898). 

Line 

15*/or  "0-1293  "  read  "0-1292." 
"0-0112"     ,,     "0-1112." 
"action"      ,.     "acid." 
"Assoc.  KS.'M.  "  read  "Assoc.  R.C.S." 
"production"  read  "product." 
"4,807     6     8"'/-carf"0     4     0." 

*  From  bottom. 
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